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PREFACE

This book deals with crop production included in the syllabus for the thixd
year of the B.Sc Course offered by the Andhra Pradesh Open University. The
topics generally cover a special area of the subject to be studied in the Third
Year of the Three Year Degree Course in Science. The syllabus for the sake
of convenience, is divided into Blocks, each of which comprises a number of
upits. Each Block generally covers a specific area of the subject. The units
are prepared by the specialists in accordance with a format so designed as to
enable the student to read and understand them without much difficulty. Each
unit begins with a statement of its contents followed by objectives. In order to
cheque the students understanding ability some questions are introduced here
and there in the unit. The students can write the answers in the space given
below the every question and compare their answers with those given at the end
of the unit. Each Block has at its end assignments intended to test the students
comprehension of the subject matter. Technical terms with which the student
may not be generally familier are also given at the end of each Block under the
head "Glossary". '

The special paper on "Crop production” is jgn¢luded mainly to acquint the
students with the modern techniques of Agrim?g . India has been known since
times immemorial as a country rich in natur%e ources. Its economy is essentially
agrarian which is the reason why its e ic progress or prosperity depends
upon the improvement of its agriculture‘es evidenced by the upward turn taken
by it as a result of the ‘Green Revolution’. The extensive research undertaken
today to step up agricultural production through new cultivational technologies
and production of improved varieties of seeds is of utmost importance 10 India’s
economic future.

The University hopes that this material will help the students to undertake
the cultivation of different crops. Critical suggestions for improving the text are
most welcome and they will be incorporated in the future edition.
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UNIT-1 ;

AGRICULTURAL

METEOCRCLOGY

Contents
1.1, Objectives
1.2. Introduction
1.3. Solar Radiation

131 Measurement of Sunshine
1.3.2. Light Intensity

1.33. Quality of Light

1.3.4. Duration of Light

14.  Atmospheric Temperature
14.1. Temperature measurcment
1.4.2. Eflect of Temperature on Crop Growth
1.4.3. Soil Temperature
1.5,  Atmospheric Pressure
1.6. Wind Movement
1.6;1. Wind Velocity
1.6.2. Effect of Wind on Crop Growth
1.7.  Atmospheric Humidity
1.7.1. Relative Humidity ~
1.7.2, Effect of Humidity on Crop Growth
1.8. Evaporation
1.8.1. Factors Alfecting Evaporation
1.8.2. Measureiment of Evaporation 0
1.9.  Clouds O
1.10. Rainfall
1101, Types of Rain
1102 Rainfall Measurement
1.16.3.  Elfect of Rainfali on Crop Growth
111,  Summary
1.12.  Check Your Progress : Model Answers
113, Model Examination Questions
1.1. OBJECTIVES

By the end of this Unit you will be able to!

1. defire Solar Radiation and describe the sunshine recorder used for the measurement of the
duration of sunshine, .

2. define temperature and list out the factors that affect the atmospheric temperature,

describe the effect of temperature on the growth of different crops,

define windward and leeward sides and name the instruments for identifying the wind
direction and wind velocity,

e oo W

describe the effect of wind on crop growth,

Izt out the factors affecting evaporation,

and

)

describe the effect of rainfall on crop growth.

define atmospheric humidity and describe its effect on crop growth,

describe the different types of rain and different instroments for the measurement of rainfall,

[y



1.2. INTRODUCTION

Agricultural meteorology is a branch of ph}{sics dealing with day to day conditions of
atmosphere and reasons for variations that occur in the atmosphere, and their influence on crop
production.

Climatology is a science that deals with average atmospheric conditions includihg trends,
probabilities and extreme weather conditions for a longer period of time, covermg different
reglons on earth surface.

When it is desired to describe the physical condition of the atmosphere at any place which
is normally expressed in terms of weather, the following weather elements must be studied- (1)
Solar radiation (2) Air temperature (3) Atmospheric pressure (4) Wind movement (5) Relative
humidity (6) Evaporation and (7) Clouds and rainfall.,

1.3 SOLAR RADJIATION

Transmission of radiant energy through electromagnetic waves, emitted by the Sun to the
Earth, without any medium (radiation) is known as solar radiatior.. Of the total solar radiation,
23% is reflected by clouds, 9% is scattered back to space by suspended particles and 2% is reflected
to space by Earth surface (albedo). About 19% solar radiation is absorbed by water vapour,
gases and suspended particles and 47% absorbed by Earth. The radiant energy absorbed by the
Earth is converted into heat energy resuiting in a rise in temperature. When the temperature
rises, the Earth radiates back the heat to the atmosphere which is known as ‘terrestrial radiation’.
The atmosphere is not directly heated by so]a@dlation though it stands between the Sun and
the Earth (Fig. 1.1). '

A A )

. Fig. 1.1. Heating of earth and its atmosphere by insolation. 1. Radiation
= from sun 100%. 2. Scattered into spacé 9%. 3. Reflected by earth 2%. 4.
Reflected from clouds 23%. 5. Absorbed in atmosphere 19%. 6. Absorbed
at Earthy, Jiffuse and scattered 23%. 7. Absorbed directly by Earth 24%.



Solar radiation provides two essential needs of plants.

a) It prov:des light. This is required for the synthesis of green chlomphyll plgment in
the plant. It is capable of absorbing radiant energy, and convert it into chemical energy of
carbohydrates through the process of photosynthesis. It is also reqmred for seed germmatlon
growth, flowering and fruiting.

b) Thermal energy required for normal physiological functions of the plant.

13.1. Measurement of Sunshine

The number of bright sunshine hours available during the crop growth influences the growth
activity, photosynthetic rate and yield.

Campbell Stokes Sunshine Recorder is commonly used for measurlng the duration of the
sunshine (Fig. 1.2). It consists of a glass sphere which converges the sun’s rays to focus on a
graduated strip of chemically treated card inserted in grooves of a metallic hemispherical bowl.
The hot sun rays reaching the card burn the card and leave a charred line. The extent of charred
line in the card indicates the peried of bright sunshine hours in a day,

4

Fig. 1.2. Sunshine recorder. 1. Glass sphere. 2. Hemispher-
jcal metallic bowl. 3. Chart. 4. Levelling screw. 5. Base,

_Light affects the plant in three wayé : intensity, quality (Wavelength) and duration (Pho-
toperiod). . .

1.3.2. Light Intensity

The variations in light intensity are always interlinked with change in temperature and relative
humidity. and it would be difficult to estimate the light effects alone. In photosynthesis about
one per cent of the light energy is converted into potential chemical energy. Very low light
intensity reduces the rate of phatosynthesis. This results in reduced vegetative growth of the
plants. very high light intensities increase the rate of respiration and disturb the photosynthesis
and respiration balance. It causes rapid loss of watcr, resuiting in closure of stomata, Further,



at high light intensities, cell contents are oxidised by atmospheric oxygen which is known as
photooxidation (sclarisation}.

1.3.3. Quality of Light

When white light is passed through a prisni it is dispersed into wavelengths of different
colours from violet to red with wave lengths ranging from 400 to 750 millimicrons. This is being
absorbed during photosynthesis, Red light seems to be the most favourable light for growth
followed by violet-blue. Short wave radiation below 400 millimicrons such as X-rays, gamma
rays, ultra-violet rays and iong wave radiation beyond red such as infrared are detrimental to
growth.

1.34. Duration of Light

The response of plants to the relative length of day and night is known as ‘Photo-periodism’.
Plants which grow normally when the photoperind is greater than a critical minimum (more
than 12 hours of illumination) are called ‘long day’ plants and those develop normaliy when
the photoperiod is less than a critical maximum {less than~12 hours of illumination} are called
‘short day' plants. Some plants not affected by photoperiod are called ‘dayneutral’ plants. Plant
characters like flower initiation, fioral develepment, bulb formation, rhizome production etc.
are influenced by photoperiodism. If a long day plant is subjected to short day periods, the
internodes may be shortened to give a rosette appearance and flowering will not take piace. In
the same way when a short day plant is sublected {0 a long day period, the growth of the plant
becomes abnormat and there is no flower initiation. Among crop plants soyabean, maize and
millets are examples of short day and sheat barley and sugar beet are long day plants. The others
are intermediate. 0

Check Your Progress - 1 0
What is meant by Photoperiodis, ?‘
Note: (a) Write the answer i@c space given below,

(b} Compare your answer with the one given at the ¢nd of this unit.

..................................................................................
..................................................................................

1.4. ATMOSPHERIC TEMPERATURE

Temperature is considered a measure of intensity of heat energy. There will be differences
in temperature from place io place and from time to timz. The factors affecting temperature
of atmosphere are : (1) Difference in latitude, {2) Difference in altitude, (3) Prevailing winds,
(4) Proximity to water body and eceanic currents, {3) Cloads and rainfall, {6) Slope of the land,
mountains etc., (7) Other conditions of atmosphere,

1.4.1, Temperature Measurement

There are two commoen scales or units for measuring temperature viz.,, Fahrenheit and
Centigrade. The Fahrenheit scale is invented by a German Scientist. Daniel Fahrenheit in the
year 1710. The Centigrade thermometer which is alse cailed Celsius thermometer is invented
by the Swedish Astronomer, Andus Celsius in the year 1742, The Conversion formula is :
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C=(F-32) X =
L9

Fx (X amt 32

[ ]

For recording the temperature of the atmosphere, it is usefu! to know the highest and lowest
temperdtures that occur in a day. The maximum thermometer is a glass mercury thermometer
with a constrictior: in the bore near the bolb (Fig.1.3). The constriction allows ihe expanding
mescusy {6 pass as the femperature rises but when cooling occurs, the column of mercury breaks
at the consiziction leaving a part In the bore to register highest temperature. It is reset by whitling
{therough jerking) so that the detached thread of mercury passes through the constriction.

The minimum theymemeter has a larger bore and it is filled with colourless alcchol. A tiny
dark ndex in the shape of a long dumbbel! is placed in the bore beiow the top of the alcohal
cofumn {Fig. 1.33. With decrease in temperature during night the alcohnl coniracts and its concave
surface pulls the index towards the bulb. When alcoho! sxpands with a rise in temperature, it
leaves the Incex behind to record the lowest temperature. Resetting of minimom thermometer
is accomplished by dlting until the index slides dewn to touch the miniscus. Magmum and
minimuim thermaoncters are mounted horizontally in Stevenson screen,

(Fig) 1.3. Maximum and minimum thermometer, 4, Madium thermometer. B. Minimum

-

thermometer. 1. Bulb. 20 Mercury, 3. Conatriction. 4. Scale. 5. Alcohol. &, Tadex,
+ Y

A thenmograph which works on a principle of varyiog coefficient of expanzion and contraction
ef bimetailic clement with indicating pointer which makes ink marking on graph sheet mounted
on clock detm. Tis records condinuens temperature of air (Fig. 1.4).



(Fig) 1.4. Thermohygrograph. 1. Rotating drum. 2. Thermo-
hygrograph chart. 3. Pen arm. 4. Lever mechanism.

1.4:2. Effect of Temperature on Crop (iSWth

Plants can grow only within certain li emperature, For each crop there are minimum,
optimum and maximum temperatures fokgifferent stages of crop growth, known as cardinal
points,

(1} The minimum growth t@%”mres below which growth does not take place.

(2) The optimum temperatuss at which growth takes place most rapidly and

(3) The maximum temperature above which growth ceases.

When light is not a limiting factor the various bio-chemical processes associated with photo-
synthesis are controlled by temperature. Crops vary in their response to low light temperatures.
Certain crops such as potatoes and sugar beets store carbohydrates more rapidly during pericds
with cool nights. Cotton, maize and tobacco require warm nights for maximum development.

In general, high temperature accelerates growth processes. When moisture supply is adequate,
high temperatures rarely catise the death of plants. High temperature causes sterility in flowers,
The photosynthetic process appears to be heat inactivated at excessively high temperatures which
however do not inhibit respiration. The harmful effects of excessive temperatures are agpravated
when soil moisture becomes a limiting factor. The damage is further increased with hot dry
winds.

Heat Injury:Very high temperature often stops growth. The plant faces starvation due to high
tespiration rates. If such conditions persists for a jonger period, the plant is killed. Excessive
heat results in defofiation, and premature dropping of fruits.

Chilling Injury:Plants adapted ta warm conditions, when exposed to chilling temperatures below
freezing point for some time, get killed or injured severely. Some effects of chilling are chlorctic
con(g’tion or bands on leaves of sugarcane, sorghum and maize when exposed for 60 hours at 2
to 4% C.



1.4.3. Soil Temperature

Seed germination is markedly influenced by temperature. High soil temperatures prevent
the seed from germination and even kill the seed. Germination was found to decrease steadily
as soil temperatures increased above 20° C and ceased completely at 459C.

Soil temperature controls the microbial activity and the process involved in the availability
of nutrients to plants, Nitrification does not begin until the soil reaches a temperature of above
s9¢C

1.5. ATMOSPHERIC PRESSURE

The air molecules have « certain weight, and exert force, known as atmospheric pressure.
The force exerted is proportional to the number and speed of air molecules which strike in a
unit area. Atmospheric pressure is defined as pressure exerted by a column of air on a square
inch boundary of the atmosphere and altitude. When air gets heated up, it expands and occupies
more space, and the pressure exerted will be less. The atmospheric pressure will be high in-'
regtons of low temperature and vice versa. With increase in elevation, the quantity of air mass
decreases and will be low. The atmospheric pressure decreases approximately at a rate of 1 inch
of mercury column for every 1000 ft. rise in elevation.

1.6. WIND MOYEMENT

Arr, in horizontal motion, which moves from a high pressure area to a low pressure area,
is known as wind. Vertically moving air columns are called currents. Vertical air movement is
connected with formation of clouds and rainfall.

Wind is caused by differential pressures which occur §ndjnly through differences in temper-
ature. When air gets heated, it expands and becomes,|ess dense, and starts ascending. The
pressure of heated air will be less in comparison to the rroundings, and therefore denser air is
rushed to equalise pressure differences.” The wind ¥ Best described by its (1) direction and (2)
speed or velocity.

The wind is named after the direction from which it comes. Thus wind blowing from the
south to the North is called the south wind or southern wind, and the South is the ‘windward
side” and the North is the ‘leeward side’ (direction towards which the wind blows), '

Wind direction can be noted by a wind vane (Fig.1.5). In a wind vane; the arrow is pointed
to the direction from which the wind is coming (windward side).

O

-3

Fig. 1.5. Wind vane. 1. Lever. 2. Top bearing assembly. 3. Vertical axis. 4. Arm. 5. Base.



1.6.1. Wind Velocity

The magnitude of wind is expressed in terms of its velocity. The ave i‘dgf" ‘szccr‘f of the wind
increases with the height from the ground level. Wind velocity is areater al 33 feet height which
is about twice than at 1 1/2 feet height. Hs velocity iz generally more during *h'* day than af
night over the land surface, specially in summer and on clear days.

Wind velocity can be measured by means of Robinsor’s Cup Anemometer (Fig. 1.8}

1.6.2. Effect of Wind on Crop Growth

Winds affect growth mechanically and physiologicaily, The sand and dLSi‘ particles carried
by the wind may damage plant tissue. Emerging seediings may be covered or alternaiively the
roats of young plants may be exposed. Winds cause considerable fosses to ficid crops by Inducing
todging, breaking of stalks and the shedding of graiin. They cause serious iess to horticultural
crops by felling fruit and breaking the branches of trecs.

Fig. 1.6, Angmometer. 1. Hemispherical cups. 2. Top bearing. 3. Spindie. 4. Gear.
5. Anemometer box. 6. Cyclometer. 7. Sweel ball bearing. & Hollow Gox

The physiological effects of winds consist mainly in i' wreasing the transpiration and evapao-
ration losses which result in higher water requirement of crops. Hof, dry winds adversely affect
the photosynthesis by closing the stomata even under eno gn goil meisture conditions which
results in ill-filled grains. In deserts, wind causes constant soil erosion and makes it difficuit for
plants to grow..

Moderate winds have a beneficial effcct on photosynthesis by continuau
carbon dioxide absorbed by the leaf surfaces. They also help in poilination of ciops
winnowing of grains (separating the grain from glumes and other plant materials) wind Is slso



useful for lifting water from a well by means of a wind mill. They keep down the atmospheric
temperature.

Check Your Progress - 2
What for the windvane and anemometer are used?
Note: {a) Write the answer in the space given below,

(b} compare your answer with the one given at the end of this unit,

L7. ATMOSPHERIC HUMIDITY

Humidity refers to the water vapour content in the atmosphere, when water 18 converted
into vapour by evaporation. it gets distributed as minute droplets suspended throughout the
atmosphere. The humidity of the atmosphere depends upon the temperature, the wind speed,
the vegetation and the water content of their soil. The higher the temperature, the higher the
amount of water vapour held in the atmosphere. It is this re@ why the humidity in summer
is higher than n winter seasen. O

1.7.1. Relative Humidity ‘?‘*

Relative humidity valucs can be recorded b a%ﬁ hygrometer or hygrograph. Both work
on the principle that human hair lengthens \\fith%rease in relative humidity and contracts with
decreasing refative humidity. The tension of a small bundle of hair is linked to an indicator in a
hygrometer which gives, directly, relative humidity values on a dial. In a hygrograph there will
be an amplifying lever (o which a pointer is fixed, which makes marking on a graph fixed on a
clock drum just as in the thermograph.

1.7.2. Effect of Humidity on Crop Growth

The evaporation of water from the soil and transpiration from plants is mainly dependent.
~on the relative humidity of the atmosphere. The amount of evapo-transpiration losses are
directly proportional to the difference between the amount of water vapour actually present
and the amount that would be needed to saturate the atmosphere. High humidity reduce
evapotranspiration losses, and thereby teduce the water requirement of fungi, bacteria and
insect pests which affect the crop seriously. Low humidity in the atmosphere increases evapo-
transpiration losses, resulting in greater water reguirement of crops. Prevalence of tow humidity
at the grain tiiling stage, reduces the yields.

1.8, EVAPORATION

1t is the process in which the liquid form of water is converted into a vapour form. When
water is heated by sofar radiation, it is converted into a vapour form, and escapes inio space, and
is mixed with other gases in the air. The supply of water vapour to the atmosphere is through
the process of evaporation frem the soil, open water bodies and also from droplets of water heid
in the form of douds or fogs
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1.8.1. Factors Affecting Evaporation

(a) Temperature of water: Evaporation increases with an increase in temperature, and vice
versa.

(b) Relative humidity: Evaporation is inversely proportional to humidity of the atmosphere.

(¢} Wind movement : Wind is the transport agency of water vapour from its site to different
parts of the atmosphere. The greater the wind movement the more will be the evaporation,

(d) composition of water : the presence of salts and other impurities reduces the evaporation,
Ocean water evaporates five per cent less than fresh water.

(e) Area of water bodies : Evaporation is considerably less when the area of exposure to . '
heat energy is reduced.

1.8.2. Measurement of Evaporation

Evaporation is measured by an instrument known as. U.S.W.B.Open Pan Evaporimeter (Fig;
L8). It consists of a cylindrical reservoir made of copper ot G.Lsheet having a diameter of 120
cm and a height of 25 cm. It is protected from the birds by a covering of hexagonal wire mesh
and both are painted with white paint. A ‘*hook gauge’ which rests on a "stilling well" works on a
principle of screw guage to determine the evaporation accurately by measuring the differences in
the level of water from the previous day. The hook guage has its stem divided into 100 divisions
so that the level of water may be read correct to one thousand of an inch,

Stilling well is merely a metal cylinder mounted on a steel platform with levelling screws and
is kept in an open pan and the water level in this is maintained at the same level as the open pan
through a small hole at the bottom of the stillidg well. The object of the stilling well is to isolate
a small portion of the water in the resemt keep it free from waves produced by the wind,
This enables the measurement of the wat vel to be made by the hook guage accurately, The

open pan rests on a wooden platform 0 cm height.-

- Fig. 1.7. Open pan evaporimeter U.S.W.I'j‘ class ‘A’. 1. Hock guage. 2. Open Pan. 3. Still well.



Check Your Progress - 3
List out the factors that affect evaporation.
Note: (a) Write the answer in the space given below.

(b) compare your answer with the one given at the end of this unit.

19. CLOUDS

When the air gets heated, it rises upwiéra and expands, and is cooled at the regular adiabatic
rate until the dew point temperature is reached. It is the temperature at which vapour form
condenses with visible water droplets around the nuclel of condensation which form clouds or
fogs. Cloud is an aggregation of minute droplets of water or ice crystals, suspended in the air,
Rising air currents tend to keep the clouds from falling since the water droplets held in the cloud
are very small and light. This is the usual way of cloud formation. Clouds are also formed when
~ air masses from the ocean blow over the cool land surface.

1.10. RAINFALL

Small droplets of water in the form of cloud remain suspended in the air due to ascending
heated air from the Earth surface. When they are carried upydxd with the ascending air, there
is further cooling, and coalescence of water drops through cofision may be achieved. When
water droplets increase to a size of 1.2 mm or more, the up@ng air cannot support them against
gravity, and they fall down as rain. During their downy passage through the warm air, they
are subjected to evaporation and if the amount o er descending down js small, the entire
quantity, may be converted intc vapour form P@Jt some traces which are received as & light
drizzle.

1.10.1. Types of Rain

1. Rain due to convection :Air close to the ground, first gets heated by insulation, thereby
getting light in weight and starts an upward motion which is known as convectional motion. As
it ascends, it goes on progressively cooling and reaches a stage when precipitation can result:
such rains occur mostly in the tropics.

2. Rain due to cyclones :Winds from different directions and of different temperatures and

densities tend to come towards the centre of low pressure, As a result, the mojstureladen huge .

column of air is hfted and cooled, resulting in a steady and long period of rain. Cyclonic rains
commonly occur in the temperate zone and rarely occur in the equatorial region.

3. Rain due ¢ mounéain barrier (Orographic) : When a moisture laden current of air strikes
4 mountain range, it is forced to move upward causing condensation and precipitation; rain
especially occurs on the wind ward side of the mountain range.

i.i4.2. Rainfall Measurement

The amount of rainfall is recorded =y an ordinary rain guage. The amount, duration and
- ensity of rain are recorded by a sclf recording ram guage. The ordinary rain guage consists of
metdl cylinder of 12,5 or ™icm diameter. Uins is fitied with a covering funnel having the same

11
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diameter which directs the water into a collecting jar which is kept in the cylinder. The rainfafl
gathered in the collecting jar is transferred into the glass measuring jar calibrated according the
diameter of the funnel for noting down the amaunt of rainfall for the last 24 hours (Fig. 1.8).

42

Fig 1.8. Ordinary vage. 1. Funnel. 2. Cylindrical body. 3. Coal-
lecting jar. 4. % 5. Masonary [oundation. 6. Measuring jar.

The antomatic rain guage consists of a funnel of 20 cm diameter, and the rainfall received
is collected through the funnel, into a chamber having a float. The float is connected to an
arm with a lever mechanism. The other end of the arm is pointed and riked, which draws the

Fig. 1.9. Sell recording rain guage. 1. Lever mechanism.
2. Graph sheei. 3. Siphon sysiem. 4. Funnel. 5. Chamber.

i



mark, on a graph sheet. The graph sheet is wrapped around a drum with a clock mechanism
and completes one rotation in a week or a day (Fig. 1.9). The X axis of the graph gives the
duration (time) and Y axis gives the rainfall. In case of excess rainfall the apparatus is provided
with a siphon systemn which empties the water from the chamber to bring back the pointer to
7ero on the Y-axis.

1.10.3. Effect of Rainfall on Crop Growth

Rainfall is one of the most important factors influencing the vegetation. Rain water is
the source of soil moisture so essential for the growth of crops. There are optimum moisture
conditions for crop development, just as there are optimum temperature conditions. The annual
rainfali and its distribution, greatiy affects the choice of cultivated crops. Low and ill- distributed

“rainfall aré common features of dry land farming where in drought resistant crops iike sorghum,
peart millet (Pennisetum typhoides } and Itatian millet ( Setaria italica ) and other crops like
castor and groundnut are commonty grown. In heavy rain fall regions like the Western ghats of
India, rice is grown in flat areas while tea, coffee, rubber, etc are grown on sloping land.

Excessive amounts of water in the soif, limits oxygen supply and alter various chemical and
biological processes that increase the formation of compounds that may be toxic to plant roots.
On the other hand, a high rate of percolation of water through the soil tends to remove plant
nutrients beyend its root zone and affect plant or interfere with flowering and pollination. It
packs the surface soil and makes it difficult for tender seedlings to emerge. small grains are often
beaten down or lodged by the rain so that the harvest is difficult, and lodged grain is susceptible
to spoilage. _ :

Under natural conditions, drought is a serious problem compared to excessive moisture
conditions. Thornthwaite defines drought as ‘a condition in %diich the amount of water needed
for transpiration and direct evaporation exceeds the amougt Ofdvailable moisture in the soil. The
deficiency of soil moisture feads to scarce vegetation, wk@in turn supply less organic matter {o
the soil. The plant growth is affected and yields are ge.stically reduced. Drought occurs under
conditions of low and erratic distribution of rain@ff d it is further aggravated in soils having

e

less water holding capacity and land use.pra%i hich increase run off. Crops grown in soils
which have high-water holding capacity are le sceptible to short periods of drought weather.

111, SUMMARY

Solar radiation provides light required for photosynthesis and thermal energy for normal
physiological functions of plant. Light intensity, guality and duration are important. Temper-'
ature of air is mainly influenced by latitude, altitude and other factors like presence of water
bodies, winds, clouds and rainfall etc. Each crop has its own cardinal temperature for growth
and development. Seed germination was found to be highest at 20° C soil temperature and
maximum absorption of water and nutrients take place between 20 to 30°% C soil temperature,
Atmospheric pressure 1s influenced by temperature and altitude ditferences resulting in the for-
mation of low and high pressure belts causing wind movement. Moderate winds are useful in
increasing photosynthetic efficiency, pollination of crops, cleaning-of the grain from chaffy ma-
terial (winnowing}, and generating power. Strong, dry winds increase the evapo-transpiration
tosses resulting in partial closure of stomata which effect photosynthetic rate and cause mechan-
ical damage to crop plants. The evapo-transpiration losses resulting in low water requirement
of crops but at the same time increase the incidence of pest and diseases. Prevalence of low hu-
midity accompanied by dry winds at grain filling stage results in shrivelling of grain and low yield.
Cooling of atmosphere causes condensation of water vapour into small visible water droplets or-
ice crystals which form cloud or fog. The size of water droplets held in-the cloud increases with
further cooling and condensation which fall as rain, as vertical air currents cannot support water
droplets beyond 0.2 mm diameter. Rain occurs either due to vertical movement of air or cyclonic
depressions or mountain barriers. The amount and distribution of rainfal! influence the choice
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depressions or mountain barriers. The amount and distribution of rainfall influence the choice
of cultivated crops. Excessive rain lmits the oxygen supply and form compounds wiich may be
toxic to roots and cause leaching of nutrients beyond the root Zone. Low rainfall conditions
lead to poor growth and scarce vegetation with less organic matter suepply and this resulis in low
yield of crops.

112, CHECK YOUR PROGRESS : MODEL ANSWERS

Photoperiodism is the response of plants to the relative lengths of day and night.

2. The wind vane is used to note the direction of wind and the Anemometer Is used 1p measure
the velocity of wind,

3. ‘The factors that affect the evaporation are: {a} Temperature of water, (b) Relative Humidity,
(¢} Wind Movement, (d) Composition of Water and (e} Area of water bodies.

1.13. MODREL EXAMINATION QUESTIONS

I. Answer the following questions in ahout 30 lines each.
1. What are the effects of high and low temperatures on crop growth?

2. Explain the process of rain fall occurrence. Describe the effects of high and low rainfall
on crop growth.

II. Answer the following questions in about 10 lines each.
1. Explain the importance of solar radia(@
2. What are the efiects of wind and @idity on crop growth?

3. 'What are the different factors th%‘a‘ffcct the evaporation? How to reduce the evaporation
in a cropped area?
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2.1, OBJECTIVES

By the end of this unit you will be able to:

1. st out and describe different types of soils including the problematic soils,

2. shggest the different methods for the reclamation of acid, saline and alkali soils,
3. describe the different ways of losing the soil fertility,

4. describe the different methods for the restoration of soil fertility,

5. define soil erosion and describe the different types of soil erosion,

list out the losses due to soil erosion,

.

4 define soil conservation and describe different methods for the conservation of soil.
T TR if
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22, INTRODUCTION

Soil is the natural medium for plant growth. S'oils are formed due to weathering of rocks,
Weathering refers to the physical and chemical disintegration and decomposition of rocks which
are not in equilibrium under temperature, pressure and moisture conditions on the earth’s surface.

There are three major types of rocks. They are (1) Igneous rocks, (2) Sedlmentary Rocks and
(3) Metamorphic rocks.

The productivity ot soil depends on the physical properties like texture, structure, density, pore
space, plasticity and cohesion, soil temperature, soil air and soil water and chemical properties like,
mineral composition, organic matter content and soil pH. Based on the characteristic features
of the soils, they have been classified into different groups. The classification of soils helps in
their productive use. The following are the types of soils prevalent in A.P.

2.3. COASTAL SANDS

\

These are very deep 180 cm to 5 meters. and over. They are cparse textured, with sandy
sub-soils. The Water table is close to the surface. The Groundwater is strongly saline. The pH
range from 6.5 to 7.5 (neutral). They aré with low exchangeable capacity due to negligible clay
content. Generally nurseries of rice and tobacco are raised. Vegetables are also grown in small
areas. Casuarina and cashew plantations can be taken up. These soils are present all along the
eastern coast, in the districts of Srikakulam, Vizag, East and West Godavari, Krishna, Guntur,
Prakasam and Nellore.

e

24. DELTOIC ALLUVIUM "DE‘)
)

These soils are very dee %80 cm. The soils reaction is neutral to alkaline (pH 7.0 to
9.0). The exchange capacity isNSually high. Fertile clay minerals are varying due to deposition
of silt$ of varying composition. The crops that can be grown are rice, turmeric, sugarcane,
banana, chillies, vegetables, maize, cotton and groundnut mostly under irrigation. These soils
are prevalent in some parts of East and West Godavari, Krishna and Guntur districts.

2.5.. RED SANDY SOILS (DUBBA AND CHALKA SOILS)

The depth of the soils varying from very shallow to shallow (20- 60 cms). The Soils are
neutral (pH 6.5 to 7.5). They are very low in nitrogen content. The exchange capacity is also
low.” The crops that can be grown are jowar, bajra, redgram, castor, groundmut etc., under
rainfed conditions. Rice is grown under irrigation. A high dose of nitrogen application in splits
is necessary to get higher yields of crops. These soils are present in the tracts of Hyderabad,
Medak, Guntur, Prakasam. Nellore and Kurnool districts.

2.6. - RED EARTHS WITH LOAMY SUB-SOILS

- They are extremely shallow to moderately deep (8-75 cm). The pH of the soils range from
6.5 to 7.5. The exchange capacity is low. They are poor in nitrogen content. Nitrogen fertilizers
should be-applied in splits at intervals. Crops like Jowar, Bajra, Maize, Groundnut under rainfed
- conditions -and Rdce, Sugarcane, Turmeric, Cotton, Maize, Chillies.under irrigation are grown.
- These are present in Telangana region and parts of Nellore and Ananthapur.
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2.7. RED EARTHS WITH CLAY SUB-SOILS

These are shallow to moderately deep (30-75 cms). They are neutral to weakly alkaline

(pH 6.5 to 8.0), and low in nitrogen and phosphorus content. They have a comparatively high

exchange capacity than Chalka and dubba soils. These soils are present in parts of Kurnool and
Anantapur districts.

2.8, RED LOAMY SOILS

These are shallow to moderately deep (20-75 cms). The pH ranges from 7.0 to 8.5. The soils
are low in nitrogen and phosphorus. Crops like Jowar, Bajra, Ragi, Korra, Pulses, Groundnut
under rainfed conditions and Rice, Sugarcane are grown under irrigated conditions, These soils
are located in parts of Cuddapah, Ananthapur, Chittoor and Nellore districts.

2.9. RED LOAMY SOILS WITH LOAMY AND CLAYEY SUB-SOILS

These are deep to very deep (90 to 180 cm and above). The soil pH vary from 6.0 to 7.2. The

nitrogen content is low to medium but phosphorus content is very low. The exchange capacity

is low to medium. Some of these soils are famous for mango orchards in Krishna and West
Godavari districts. Jowar, Bajra, Redgram and Groundnut are grown under rainfed conditions.
Crops like Rice, Chillies, Groundnut and Tobacco are grown under irrigation. -

PY

2.10. RED SOILS WITH CLAY SUB-SOILS Q\“}

The depth of these soils is more than 180 mﬁhcy are non- saline, low in nitrogen and
phosphorus but moderate in potassium cont

e exchange capacity is also low. Nitrogen

should be applied in more number of splits to id¢rease the applied nitrogen use-efficiency. This _

type of soils are present in the districts like Stikakulam, Vizag and parts of West Godavari
and Krishna. The crops grown on these soils are potato, turmeric, ginger, tobacco, Mango and
Cashewnut. ' ' '

2.11. BLACK SOILS (Regurs)

These soils are medium deep to deep 45-90 cms). The pH of the soil ranges from 7.0 to |
8.5. They are non-saline, but the salt content is more than in red soils, With regard to fertility-

status, these soils are low in nitrogen, very low in phosphorus, and medium in potassium. The
exchange capacity is high. Nitrogen fertilizer can be applied in less number of splits. These
soils are prevalent in parts of Adilabad, Nizamabad, Warangal, Khammam, Medak, Hyderabad,

Mahboobnagar, Kurnool, Ananthapur, Nellore and Guntur districts. Rainfed crops like Jowar,

Baijra, Pulses, Gingelly, Cotton, Tobacco, Groundnut and irrigated crops like Rice and Sugarcane
are grown.

Black cotton soils are very deep heavy clay soils (90-180 ¢ms, and over, depth). The pH

ranges from 8.0 to 9.0. Nitrogen and phosphorus contents are low but potassium content js-at_
medium level. This type of soils is predominant in major areas in parts of Cuddapah, Ananthfipui‘;"
Kurnool, Mahboobnagar, Guntur, Prakasam, Krishna, Khammam and Nellore and smaller: as.

in Warangal, Adilabad and Nizamabad. Rainfed crops like jowar, maize, pulses, cotton,-tébg;ca,ﬁ
chillies, wheat are raised. Rice, sugarcane, cotton, chillies etc. are grown under irrigation.
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Check Your Progress - 1 _
What are the differences between black soils (regurs) and black cotton soils?
Note: (a) Write your answer in the space given below.

~(b) Compare your answer with the one given at the end of this unit.

..................................................................................
..................................................................................
..................................................................................
B A T T T B S T
..................................................................................
T T T T
..................................................................................

..................................................................................

2.12. LATERITE SOILS

These are deep to very deep (90-180 cr and over), with acidic nature (pH 4.0 to 6.0). They
are poor in fertility, and low in nitrogen, phosphorus and potassium. Considerable area is present
in Zaheerabad taluk of Medak district and some patches in Kavali taluk of Neflore and Vizag
districts and a small pocket in Srikakulam district, Crops like potato, turmeric, ginger, tobacco

can be grown, 0

2.13. PROBLEMATIC SOILS%E:}

4
Soils which cannot be used &fnicall}' for the cultivation of crops without adopting proper
reclamation measures owing nd or seil characteristics are termed problem soils. Highly
eroded soiis, ravine lands, soils-on steeply sloping lands are one set of problem soils. Another
set of problem soils are acid, saline and alkaline soils. In these soils crop production is limited
due to acidity, and accumulation of soluble salts and erchangeable sodium.

2.13.1. Acid Soils

In humid regions with heavyerainfall, the soluble bases formed in the course of weathering of
rocks are leached down and carried away by the drainage water. The continued leaching of salts
result in the replacement of calciom, magnesium, potassium and sodium ions by hydrogen ions
and the formation of acid soils with low pH. Distinctly, acid soils are situated in the whole of
Assam and in some parts of Manipur, Tripura, West Bengal, Bihar, Crissa, M.P., Maharashtra,
Karnataka, Tamilnadu, Kerala and Punjabh.

Mainly the pH of the soil is used as the criterion to distinguish acid soils from non-acid soils.
Based on the pH measurements of the soif, the degree of soil acidity may be indicated as follows:

pH Reaction
6.6 to 7.5 Nearly neutral
6.1to 6.5 Slightly acidic
5.6 to 60 Medium acidic
51t0 55 Strongly acidic
4.6 to 5.0 _ Very strongly acidic
4.5 and below Exiremely acidic
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Effects of Soil Acidity: If soil acidity exceeds a particular liniit, it is injurious to plant growth.
The availability of plant nutrients in soit like phosphorus, calcium and magnesium is decreased
with increasing acidity. On the other hand, nutrients fike aluminitm, iton, mangzanese and copper
accumulate to toxic levels and injure the plant growth. The activity of beneficial micro-crganisms
like Azotobacter, Rhizobium etc. in the soil decreases, as the acidity increases,

Acidity also affects the soil texture. Correction of soil acidity is necessary for cultivating
crops successfully.

Reclamation of acid soils: Reclamation of acid soils is done by adding to the soil any conipound
containing caicium alone, or both calcium and Magnesium capable of reducing acidity known as
iming.

Effects of liming on soil and plants: (1) It helps in Neutralising soil acidity (2) The activity
of beneficial soil bacteria is encouraged by supplying lime to soil. The bacteria decompose
the organic matter guickly and promote nitrification. Thus, liming increases the availability of
nitrogen by hastening the decomposition of organic matter, and free living organisms. (3) Liming
increases the availability of phosphorus by reducing the solubility of iron and aluminium. DIt
helps in increasing the availability of potassiom and molybdenum, (5} Liming supplies calcium
for plant nutrition, (6} 1t improves the soil physical conditions.

The most common liming materials are ground lime stone, burnt lime and hydrated lime.

The efficiency of liming materials depends on the chemical composition of material, purity of
the material and fineness of the material.

The amount of lime required depends on the following factors; (1) Tntensiiy of soil acidity,
(2} Texture of the soil, (3) Lime requirement of the crops ingited in rotation, (4) Purity of the
liming material, (5) Chemical compaosition of the matcri@é) rFineness of particle size.

Table 2.1. Lime reguirements of various acidic so@s ffected by different soil groups

ng stone reqﬁircments (tons/ha)

Soil type

pH 3.5-4.5 4.35-55 5.5-6.5
Sandy and loamy sand 0.75 0.75 106G
Sandy loam - 1.25 175
Loam - 2.95 3.45
Silt loam - 295 345

Clay lcam - 395 ' 3.00

Methods of Application: Lime should be evenly broadeasted before ploughing or applied
on ploughed land and then worked into the soil several weeks before sowing the crop. when a
large quantity of lime is to be applied, it is desirable to apply smail quantities two or three times.
On strongly acid soils, where three to six tonnes of lime are required, half the quantity should
be applied before ploughing and remaining half after ploughing. Keeping the land moist hastens
the exchange process. '

2.13.2. Saline and Alkali Sotls

Saline and alkali soils are formed in arid and semi-arid areas with low rainfall where salts
formed in the weathering of soil minerals are not fully fcached. Turing the periods of higher
rainfall, than average rainfall, the soluble salts are frequently leached down. By irrigating, the
soils rich in soluble salts percolate {o the sub-soil or lower lavers. If the water from the sub-soil
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does not drain out easily, the soil water gradually accumulates a high concentration of salts. In
areas having a salt layer at lower depths in the profile, seasonal irrigation may favour the upward
movement of the salts. Salinisation is also caused due to irrighiton of soils with saline water.

About 7 million hectares of land are affected by soil salinity or alkalinity in India. These soils
occur in the states like U.P. Gujarat, West Bengal, Rajasthan, Punjab, Maharastra, Haryana,
Orissa, Karnataka, and M.P. Tn AP. about 0.42 lakh hectares is affected. These soils generally
occur in association with normal soils in small patches or in big blocks.

Hazards of Soil Salinity or Alkalinity: (1) Causing low yields of crops or crop failure in
extreme cases (2) The limiting of the choice of crops because some crops are sensitive to salinity
or alkalinity, or to both (3) Affecting the quality of produce (4) Causing excessive run off and
floods owing to low infiltration, resulting in damage to crops in the adjoining areas.

Reclamation of Saline and Alkali Soils

Test the soil and irrigation water before reclamation.

If irrigation water used is saline, switch over to good quality of water

Lower the water table beyond 5 feet by drainage.

Pregare strong bunds of 2 ft. high around each field

If pH is more than 9.0, apply 2.5 to 8.5 tons of powdered gypsum per hectare. Broadcast
and mix thoroughly by repeated ploughings. '

Wash excess salts by flooding the field and allowing water to stand for a fortnight.

Apply 80-200 kg Ammonium Sulphate and 200-250 kg of Super- Phosphate/ha and broadcast
25-30 kg of Dhaincha seed for green manuring. .

After 8 weeks, the Dhaincha crop can }:@corporated as green manure crop.

Wop e

=&

go

9. Transplant paddy after 2 to 3 wegz)o green manuring incorporation. Apply 300 kg
Ammonium Sulphate, 1200 kg § hosphate and 50 kg Muriate of Potash per hectare
for a goad crop. %‘

10. Senji, Barley, Berseem or éu&oeet may be sown after paddy.

11. If irrigation is not availal w Barley after Dhaincha is ploughed, i.e., green manure crop. -

12. Repeat the process till normal crop yields are obtained. Addition of gypsum in subsequent
years is not necessary.

2.14. SOIL FERTILITY & SOIL PRODUCTIVITY

Soil fertility is the inherent capacity of the soil to supply the essential plant nutrients in
adequate amounts in a proper balance for specified plants when other conditions are favourable
such as climate, soil moisture, soil reaction etc.

Soil productivity refers to the ability of the soil to produce crop yields. Soil fertility is one
of the factors that determine the magnitude of crop yields. The other factors controlling the
‘productivity are the water supply, climate, cultivation practices etc. A soil may be fertile and yet
it may not be productive.  Thus, a water logged soif may be highly fertile but may not produce
a good crop because of the unfavorable physical conditions. Hence, soil productivity is the
resultant of various factors influencing the seil management.

Factors controiling the fertility of a soil can be summed vp as:

(1) The inorganic plant nutrients of a soil depend on the origin of a soil and the rocks from
which the soil was formed. ,
'(2) Organic matter content and water holding capacity in combination with other factors like
texture, structure, depth etc. ' o
(3) Biological nature of the soil-capacity of the micro-organisms present in the seil to convert .
un-available forms of plant nutrients into available forms (mineralisation). '
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2.15. SOIL FERTILITY LOSSES

Soil fertility loss refers to the loss of plant nutrients from the soil: thereby, the fertility status
of the soil is reduced. Soil fertility is lost through different ways as mentioned here under:

1. Removal of Nutrients by Harvested Crops: The largest loss of plant nutrients from
the soil is by the removal of nutrients by harvested crops from the field. A high yielding crop
removes the plant nutrients to a greater extent than the crop raised by traditional varieties.
However, the loss of nutrients should be recouped by adding orgamc residues back to the
soil in a proper way.

2. Removal of Nutrients by Weeds: Weeds compete W1th crop plants for nutrients. Weeds
have a fast growing habit, thereby rethoving nutrients from the soil, if weeding is not done
early. '

3. Loss of Nutrients by Leaching: Water soluble fractions of plant nutrients are subjected,
to loss by leaching into deeper layers of soil to leaching than heavier soils like clayey. Nitrogen
is the major nuirient lost mostly by leaching.

4. Loss of Nutrients by Erosion: Erosion is the physical removal of soil by water or wind.
Due to either water or wind erosion, the top seil, along with its nutrienits, is lost.

5. Loss of Nutrients in Gascous form or Volatilisation: Nitrogen js lost through this
process. ‘Due to the activity of soil micro-organisms, nitrate is denitrified. into elemental Nz'
and is lost from the sois as a gas. ' '

Check Your Progress - 2 00 :
List out different ways through which soil fertility is lo%,. '
 Note: (a) Write your answer in the space given b@w

{(b) Compare your answer with the one%:n at the end.

..................................................................................
.................................................................................
....................................................................................
...................................................................................

...................................................................................

2.16. SOIL FERTILITY MANAGEMENT

Maintenance of soil fertility is important from the productivity point of view. Hence, soil
fertility management should be viewed on a permanent as wel! as a temporary basis. 1t can be
done as follows:

2.16.1. By Cultural Practices

Fallowing (Keeping the field vacant without growing any crop) is a practice to restore the
soil fertitity. However, this practice is not feasible since there is need to produce more to meet
the food requirements of a growing population. Crop rotation is a practice to minimise the
loss of soil fertility. Rotation of cereal crops like rice, maize, jowar etc., with legume crops like
redgram blackgram, greengram, COWpEd groundnut etc. is a good practlce for management of
soi fertility.
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2.16.2. By Addition of Organic Manures

Addition of concentrated organic manures like oil cakes, bose meal etc. with high nitrogen
content and bulky organic manures like farm yard manure compost, night soil, ashes etc. improve
the soil fertility. These manures add organic matter to the soil and also supply plant nutrients
to the growing crops. By the addition of these materials soil fertility can be improved and also
increase the crop yields.

2163. Growing Green Manure Crops and Incorporation in Seil.

Green manure crops like sesbania, pellipesara, cowpea, sunhemp etc. can be grown. When
the green manure crops are at flowering stage they have to be ploughed into the soil. This
practice improves the organic into the soil content. They add as much as 30- 40 Kg N/ha through
the nitrogen fixed in root nodules. Green manuring also improves the soil structure which inturn
increases the water-holding capacity of the soil.

2.164. Addition of Commercial Fertilizers:

Addition of fertilizers having plant nutrients in high percentage either singly or with one
or two mutrients is necessary for proper growth and production of crops. Hence, to maintain
soil fertiftty and sustaining crop production it is necessary to apply both organic manures and
inorganic fertilizers.

2.16.5. Addition of Soil Amendments

Soil amendments are added to it primarily to correct unfavourable soil conditions like acidity,
salinity and alkalinity, toxicity or poor soil structure. Lime is generaily used to correct soil acidity
which also supplies calcium. Similarly, to ca@ct salinity and alkalinity, gypsum is used which
also supply calcium and sulphur. Silt is a@d 0 poor sandy soils to improve the water holding
capacity.

2.166. Use of Weedicides a@%‘unglcndes

Application of weedicides ¥phtrols weeds properly and eliminates the loss of nutrients by
weeds Fungicides like Bordeaux mixture, when used, control diseases and also supply copper’
and calcium to the growing crop.

2.16.7. Blo-Fertlllzers

The role of bio-fertilizers in maintaining soil fertility has been recognised Iong back Bio-
fertilizers also known as ‘microbial inoculants’ are the preparations containing living cells of
efficient strains of nitrogen fixing organisms used for seed or soil application with the objective of
increasing the number of such micro-organisms in the soil to increase the atmospheric nitrogen
fixation. Utilisation of biofertilizers decrease dependence on inorganic nitrogenous fertilizers.
In manydegume crops, about 30 to 40 Xg N/ha is fixed by the activity of Rhizobium (bacteria)
present in the root nodules. The fixed nitrogen is used by the present growing crop. At the
same time some quantity of fixed nitrogen is excreted into the soil, which can be utilised by the
succeeding crop.

Check Your Progress - 3
What are Biofertilisers? Give one example.

Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

..................................................................................

..................................................................................
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2.17. SOIL EROSION

Soil erosion is the process of detachment of soil particles from the parentbody and trans-
portation of detached soil particles by wind and water.

There are three types of soil eresion. They are water erosion, wind erosion and wave erosion.

2.17.1. Water Erosion
Soil erosion due to water occurs in four forms.

1. Sheet Erosion: Uniform removal of soil in this layer from the field due to run-off water.
This is the first stage of erosion.

2. Rill Erosion: After run-off starts, channelization begins and erosion is no longer uniform.
In low lying arcas small Rills are formed on the ground due to the run-off. This is the second
stage of erosion.

3. Gully Erosion: Gullies are formed when heavy ron-off from a vast slipping land is sufficient
in volume and velocity to cut a deep or wide in the field.

4. Ravines: Ravines are formed due to protonged gully erosign. This type of ravines are found
in deep alluvial soils, Ravines are deep and wide gulland are of advanced stages of gully
erosion.

.2.17.2. Wind Eroston : ?Q"

The wind picks up lighter soil particles and transports them to fong distances depositing
them sometimes on fertile soils. Absence of vegetation and trees will enhance the erosion due
to wind, The Rajasthan desert is mainly formed by blown sand. It is extending at the rate of
half a mile a year over a front of about 100 miles and damaging about 34,000 acres annually.

2.17.3. Wave Erosion

Water and wind combine to form waves. Waves cut back river banks and sea and lake share
lines. They swallow fertile tand bit by bit.

2.17.4. Losses due to Erosion
The following are the losses due to erosion.

1. Loss of Fertile Top Seil: The so0il losses from unprotected fields vary from 150 to 350
tons/hectare per year. It takes for nature about 40 to 1000 years to build one inch of top
soil from the parent materials, - :

2. Loss of Rain Water: About 80 to 120 mun of rain water is lost by run-off. Loss of rain
water in an area of inadequate and uncertain rainfall is very serious.

3. Loss of Plant Nutrients: The organic matter of surface soil is removed by erosion. The
plant nutrients like nitrogen, phosphorus and potassium are also removed from the top soil
to a certain extent. the annual loss of nitrogen, phospharus and potassium through erosion
is estimated at 2.15, 3.8 and 2.6 million tons respectively in India.
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4. Reduction in Soil Depth: Erosion reduces the depth of the sml which Ieads to lower
crop yields

5. Reduction of Cultivable Areéa: The area under gullies and ‘Tavines is unsuitable for
cultivation as such:the area under cultivation is reduced.

Increase in Land Slope: The land slope increases with loss of top soil.

Loss of Fertile Lands: Wind erosion transforms fertile lands into sandy deserts by covering
them with sand.

8. Silting up of Reservoirs and Ranks: Eroded soil carried by run off water gets filled
up in huge quantities behind dams, water ways etc. The sediment deposited will reduce the
storage capacity and life of reservoirs. Ayacut area is reduced and generation of power is
reduced.

9. Floods: Floods occur when there is heavy rainfall because the runoff is greater than the
flow carrying capacity of the rivers. Floods cause loss of human life, caitle, sub-merging
villages and towns.

10. Reduction of Ground Water: Soil erosion seals the pores on the surface of the ground
and prevents or slows down percolation of rain water, thereby, reducing ground water supply
Ieadlng to drying of wells.

1l. Reduction in Ultimate Crop Yields: Because of all the ill effects of erosion, the ultimate
yield of any crop will be reduced.

2.18. SOIL CONSERVATION PRACICES

\J
Soil conservation is using and manag@\)f tand, based on the land capabilities by adopting
the best practice to achicve proﬁtabl duction without any damage to the land. Soil con-
servation practices include mech l agronomical and forestry measures., The main aim of.

soil conservation is to obtain % eatest possible permanent benefit from the land which is
subjected to erosion.

2.18.1. Mechamcal Measures

Contour Bundling: Construction of a series of bunds on the contour across the slope of the
land to intercept flow of water down the slope and hold back water to soak into the soil. In the
scarce rainfall areas, where every drop of water has to be conserved for growing crops, certain
bunds are formed. In this system of bunding, all the water accumulated along the bunds will be
allowed to soak into the soil stowly.

The graded bunds are formed in heavy rainfall areas where the conservation of soil is more
important than the conservation of moisture. Hence, bunds and graded bunds lead this water of
the field at slow erosive velocity. If there is excessive water, it is necessary to provide stone weirs
at the graded bunds to drain off water slowly. The graded bunds make the water ‘walk’ instead
of ‘run’. Bunds without many curves and with a length not exceeding 1000 ft are desirable.

Gully Control: It involves reduction of peak flow rates through a gully and a provision of a stable
channel for the flow. The first one can be done by retention of run-off by adopting agronomic
measures and bunding and also by providing diversions to divert runoff from the gully. The second
‘one can be done by stabilizing gully sides by planting ipomoca, Agave, pineapple, mulberry etc.,

Brush-Wood Dams: For gullies of 8 ft deep and 20 ft wide brush wood dams are constructed to
prevent further increase in the width and depth of gully.

Rock Fill Dams: When the depth of the gully is 15 ft deep, these are essential to control s
further expansion.
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Bench Terracing: This is the transforming of relatively steep land into a series of level strips or
platform across the slope of the land. These steps are separated by vertical drips which are rock
or earth, protected by heavy growth of grass. Adoption of bench terraces is favoured on slopes
steeper than 15% and upto 33% with the soil types having sufficient depth,

2.18.2. Agronomic Measures

Agronomic measures are useful where (1) the rainfall intensities are low, (2) the soil absorbs
the rain rapidly, (3) the slopes are gentle and soils are erosion resistant and (4) profitable crop
rotations can be introduced that will provide an erosion cover during erosive rains.

In cases, where the slopes are very steep and high rainfall intensities prevail, the'agronorm'c
measures have to be supplemented with mechanical measures.

- The following are the agronomic practices to conserve the soil.

(1) Contour Cuitivation: It includes contour ploughing and contour sowing. By ploughing across
the stope, each ridge of the plough furrow and each row of the crop acts as a cheek of run-off.
This reduces runoff and its velocity, and allows more time for rainwater to penetrate into
the soil. Contour cultivation alone has resulted in 20 per cent increased yield in Jowar and
Setariaover cultivation up and down the slope. Contour cuitivation is also recommendcd
as a supporting practice to stabilise the contour bunds

(2.) Strip Cropping: It is a system of crop production in which long and narrow strips of erosion
resisting crops (groundnut, horsegram and beans) are alternated with strips of erosion
permitting crops (jowar, maize and cotton). Legume crqps are better in controlling rufoff
and soil losses.compared to cereal crops. The relative. %&rosion vales of different crops
was estimated at Hagari on black soils (1938-42). O S

Check Your Progress - 4 o Q:?N
Define strip cropping? :
Note: (a) Write your answer in the space giveh below,

. (b) Compare your answer with the one given at the end.

..................................................................................
...................................................................................
.....................................................................................
......................................................................................

....................................................................................

3. Ley Farming: Growing of pasture of grasses m ‘rotation vnth crops is known as ley farmmg.

The effective way of protecting the soil is to provide it w1th a thick vegetative cover for a
long period. Grasses are known for providing protective cover to the soil. After two years grass
~will be removed and a regular crop can be taken up. Again after one or two years, grasses can
be grown on the same land. A rotation of two years of grass followed by one vear of ciop is
recommended.

4. Crop Rotation: Rotation of crops in sequence tends not only to reduce erosion but also
to improve the fertility status of the soil. If some crops like cotton and jowar are grown
in the same field year after year, there will be a fixed type of cultivation which leads to.
increased erosion losses. the soil between the rows of these crops has to be kept free of
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- weeds by intercultivation, which increases erosion. But, if a crop with guick growing nature
and covering the soil completely, is included in the rotation, soil erosion losses are reduced
considerably. Inclusion of legume crops in rotation is essential.

2.19. SUMMARY

Soils are formed due to weathering of igneous, sedimentary and metamorphic rocks. The
variouts physical properties of soil such as soil texture, structure, density, pore space, plasticity
and cohesion, soil temperature, soil air and soil water and chemical properties like mineral
composition, organic matter and soil pH influence the fertility and productivity of organic matter
and soil pH influence the fertility and productivity of the soil. The soils are broadly classified
into three major categories viz. sandy soils, loamy soils (altuvial) and clayey soils and based
on the proportion of sand, silt and clay factions in soil profile, they can be differentiated into
different types. Different soils types found in AP. and their suitability to different crops are
- furnished. soils which can not be used economically for. the cultivation of crops without adopting
proper reclamation measures are known as problematic-soils e.g., acid soils, saline and afkalj
soils. The soil fertility is the inherent capacity of the soil to supply essential plant nutrients to
plants; which depends on the nature of the rock from which the soil is formed, the organic
matter content and the activity of microorganisms present in the soi. Soil productivity refers
to the ability of the soil to produce crop yields-which depends not only on soil fertility, but
other factors like climate, water supply and management practices etc. Soil fertility losses occur
_ through the removal of nutrients by crops and weeds, leaching of nutrients, loss of nutrients by
erosion, and loss of nutrients in gaseous form. Soil fertility is maintained by adopting proper crop
planning such as crop rotation, intercropping, green manuring, addition of bulky organic manures
and commercial fertilizers and correcting ps%ematic soils through suitable soil amendments.
Removal of surface soil by wind and watéiNs known as soil erosion. Along with soil, there will
be loss of nutrients and rain water, hesi reduction in soii depth and cultivable area. depth
of reservoirs and tanks is also red g&ﬁhe to the deposition of silt. Soil conservation practices
are classified as mechanical, agro ical and forestry. among the mechanical methods, contour
bunding and gully control are{ghgortant. Agronomic practices inctude contour cultivation, strip
cropping, and crop rotation. Fofestry methods include affforestation and ley farming. -

2.20. CHECK YOUR PROGRESS: MODEL ANSWERS

1. Black Soils (Regurs) are medium deep to deep (45-90 cms) with the pH ranging from 7.0
to 8.5 and are low in nitrogen, very fow in phosphorus and medium in potassium. The
black cotton soils are very deep heavy clay soils (90-180 c¢ms or over depth) with the pH
ranging from 8.0 to 9.0 and are low in nitrogen and phosphorus contents and medium level
of potassium. :

[

The fertility of the soils is lost by the removal or loss of nutrients by (a) harvested crops (b)
weeds (c) leaching (d) erosion (e) gaseous form or volatilisation.

3 The preparations containing the living cells of efficient strains of Nitrogen fixing organisms
- used for seed or soil application are known as Biofertitisers. Rhizobium is one of the examples
for- Biofertilisers.

4. The alternation of long and narrow strips of erosion resisting crops such as groundnut, horse
_ gram and beans with strips of erosion permitting crops such as jowar, maize and cotton is
known as.strip cropping.
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2.21.

MODEL EXAMINATION QUESTIONS

I. Answer the following guestions in abeout 30 lines each

1
2
3
4

bl

Explain in detail how the soils are formed?
Write briefly the physical and chemical properties of clayey soils and sandy soils.
Write briefly the physical and chemical properties of red soils and alluvial soils.

Describe the soil types normally found in A.P. and give a list of crops that can be grown
in each. of these soils. ' :

Briefly discuss the effects of soil 'acidity and how it is corrected?

How the saline, saline-alkali and non-saline alkali differ in their characteristics? Bricfly
write down the procedure that has to be followed to reclaim saline and alkali soils.

Discuss the various practices adopted for maintaining soil fertility.

II. Answer the following question in about 10 lines each.

L

2
3.
4
5

What are the effects of liming on soil and plants?
Briefly discuss about saline and alkaline soils?
Discuss briefly how the losses are occurring in soil fertility? '

Briefly discuss the losses due to wind and water erosioq.

- Briefly discuss the agronomic measures (0 contr({:}ater erosion.

?\
Q)Q*
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‘3.1. OBJECTIVES .

By the end of this unit you will be able t -_
1. describe the basis for the groupin@& the Andhra Pradesh State into 3 physical regions,
2. list out the major groups of s@*that are found in Andhra Pradesh,

3. describe the climatic condi&s, irrigation facilities and cropping patterns in Andhra Pradesh
in general,

4. describe the basis for the classification of Agric"ultur'al zones'in Andhra Pradesh and also
describe the various climatic conditions, irrigation facilities and cropping pattern in various
Agricultural zones in Andhra Pradesh.

3.2. INTRODUCTION

Andhra Pradesh is the fifth largest state of India having a land area of 2,76,254 sq. KM.
It is located in the Southern part of India extending from 12° 37 to 19° 54’ North Latitudes
and 76° 46 to 84° East Longitudes. It is predominantly an agriculture State. The state can be
grouped into three major physical regions based on altitude.

(i} The Coastal plain being between 0-150 metres above sea level, covering whole of coastal
Andhra region with some of the best agricultural land of the state occupying about 35%
of the land area. -

(iiy The Peninsular platear (Deccan plateaun) with _150-600 meter altitudes covering the entire
Rayalaseema region and most part of the Telangana region, occupying 52 per cent of
the land area of the state ' :

(i} The Eastern ghats (600 metres and more above sea level) consisting of broken hills and
ridges covering 13 per cent of the land area of the state. '

28



Check Your Progress - 1
What is the basis for the classification of the State into 3 physical regions?
" Note: {a) Write your answer in the space given below.

_ ) Compélre your answer with the one gi;en at the end.

..................................................................................

...................................................................................

..................................................................................
....................................................................................

...................................................................................

3.3. - SOILS

All major groups of soils are found in Andhra Pradesh (Fig. 3.1). Red soils are predominant
covering above 65 per cent of the total arca followed by black soils (with 25 per cent), alluvial
soils (five per cent), coastal sands (three per cent), laterite and lateritic soils (one per cent) and
problem soils including saline, saline-atkali, and non saline-alkali soils (one per cent).

3 Ll
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Fig. 3.1. Seil map of Andhra Pradesh-
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34. CLIMATE

The climate is predominantly semi-arid fo arid except for the coastal belt which has a humid
to sub-humid climate, There are three disfinct seasons. The rainy or mensoon season (Kharif)
is from Jupe to October, the winter (vabi) from November i¢ Febrpary, and the summer from
March to May.

The maximum and minimum temperatures in the state vary between 24-44° C and 12-25° C
respectively. The average annual rainfall of the state is 820 mm which varies from 5060 to 1500
mm (Fig. 3.2}. About 70 per cent of the annual rainfall is received during the S.%W. monsoon,
20 per cent during the N.E. monscon (October-December} and 10 per cent during the winter
arid summer months.
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Fig. 3.2, Mcan annual rainfall of Andhra Pradesh (1956-70) Scale : 1 5,000,000.

3.5. IRRIGATION

The total geographical area of Andhra Pradesh is 274.4 takh hectares, out of which 109.18
lakh hectares (40 per cent) is net cultivated area. An area of 16.17 lakh hectares is sown more
than once bringing the gross cropped area to 12533 iakh hectarcs with a cropping intensity of
115 per cent. Various irrigation systems, including tanks and wells irrigate a gross area of about
43.78 lakh hectares which accounts 35 per cent of gross cropped arga. Of the ictal irrigated
area, rice accounts for 789 per cent followed by sugarcane {4.4 pat cent} and groundnut (4.1
ner ceptl



3.6. CROPPING PATTERN

Out of a gross cropped area of 125.35 lakh hectares, food crops predominate occupying
about 100.06 lakh hectares, while non-food crops occupy the zemaining 25.29 lakh hectares. The
important food crops are rice, sorghum, bajra (peari mitlet), ragi (finger miliet), maize, minor
miflets and pulses. Groundnut, castor, cotton, sugarcane, chilli and tobacco are the important
non-food crops. Rice occupies the largest acreage of 36.62 lakh hectares (29.2 per cent of gross
cropped area) followed by sorghum with 23.09 lakh hectares (18.4 per cent) and groundnut with
10.99 lakh hectares (8.6 per cent). No other crop accounts more than 5 per cent of the gross
cropped area,

3.7. CLASSIF!CAT!ON OF AGRO-CLIMATIC ZONES IN A.P.

Soils and climate are the two main factors that determine cropping in any area. In Andhra
Pradesh, red soils predominate in most parts (65 per cent of total area) except in parts of
Adilabad, Kurnool and Guntur where black soils prédominate. In some other districts, light
black soils occur. Therefore, soil type variations do not play a significant role in delineating
the agro-climatic zones in the state. With regard to climate factors, temperature differences are
not very large in the state except in Telangana district where minimum temperatures are lowest
during rabi. It is, therefare, the total rainfall and its distribution that mainiy determine the
agro-climatic zones of the state. Based on this, the state can be divided into seven agroclimatic
zones (Fig.3.3). They are (1) Krishna-Godavari Zone. (2} North Coastal Zone. (3) Southern
Zone. (4) Northern Telengana Zone. (5) Southern Telangana Zone. (6) Scarce Rainfall Zone
of Rayalaseema. (7) High Altitude and Tribal areas, 6

Fig. 3.3. Agroclimatic Zones of Andhra Pradesh,
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3.7.1. Krishna- God};varl Zone

Thls zone includes districts of East Godavari excluding uplands, West Godavari, Krishna and
Guntur and adjoining parts of Khammam, Nalgonda and Prakasam districts. The annunal rainfall
in this zone is 800-1100mm of which about 550-670mm is received during the S.W. monsoon,
200-310 during the N.W. monsoon, and the remaining 50-120 mm during the non-monsoon period.

The maximum and minimum temperatures range from 32° to 36°C and 23° to 24°G
respectively during the S.W. monsoon 0penod In the N.W, monsoon period the maximum and
minimum temperatures range from 299 to 32°C and 16° to 21°C reSpectlvcly During the non-
monsoon period the range of maximum and mlmmum temperatures is 29° to 38°C and 16° to
24°C respectively :

The 1mportant soil groups of the zone are deltaic alluvmm (association of Entisols and

* Vertisols), red soils with clay base (Alfisols), deep black, cotton soils (Vertisoils), deep red loamy

- soils (Alfisols), coastal sand (Entisols), and saline soils (association of Aridisols, Alfisols and

Inceptisols). In uplands, red and black soils are found whlle alluvial smls occur m thc deltas and
costal sands are formed along the coast. : :

The gross cropped area of the zone is 27 lakh hectares. About 59 per cent of gross cropped
area is under irrigation mainly with Krishna Godavari river canal system. This zone is known as
the ‘Rice bowl’ of the state accounting for about 43 per cent of both the area and production
of rice in the state. The other important crops of this zone are rabi sorghum tobacco, cotton,

“blackgram, greengram, sugarcane, groundnut and chilli,

The area of crops and the relative percentage of area OCCllpICd by the crop in the zone and '
also in the state are given below in Table 2.1 .

This zone receives heavy rain durmg S{%mber-oaobcr. Cyclones are _comr_non during -
November, Cloudiness during a considgrable’/part of the kharif season resiilt in low light
intensity. The soil nitrogen is high. An ‘ of 75,000 hectares of the Kollern lake basin will
have the problem of standing water n to 3 1eet in the paddy fields. In the eastern part of
the zone, irrigated alluvial delta, %‘ igated uplands of both red and black soils are found.
The un-irrigated areas comprisi d loams of East and West Godavari districts, deep black
soils of Krishna, Guntur, Praka and Khamm&am are found in the Western part of the zone.
Sandy and saline soils occur along the entire coastal belt.

Water congestion and impeded drainage lead to deterioration in the soil stracture, a rise
in the water table and development of salinity over considerable areas in the lower reaches of
the delta system. Besides this, heavy rains and cyclones at the time of harvesting are the ma]or
constraints of crop production in this zone.

3.7.2. North~Coasta1 Zone

1t consists of Srikakulam, Visakhapatnam, Vijayanagaram districts {excluding the Western
hill areas) and upland areas of East Godavari districts. The average annual rainfall of this region
is 1000-1100 mm of which 600-660mm ( 60 per cent) is received during the S.W.monsoon, 260-
286 mm (26 per cent) during the N.W.monsoon and the remaining 140-154 mm (14 per cent)
during the winter and summer months, The rainy season commences in the month of May.

The maximum and minimum temperatures during S.W.monsoon range from 33° to 35°C and
26° to 27°C respectively. The corresponding temperature range for the N.W.monsoon period is
29° to 36°C and 18° to 24°C, while during the non-monsoon pericd it is 29° to 36% and 18°
to 27°C. .

The soils are predommantly red with clay base (Alﬁsols) There are several small pockets of
acidic laterite soils (Oxisol) with pH between 4.0 to 5.9,
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The gross cropped area in this zone is 11.9 lakh héctares, of which 5 lakh hectares are

under irrigation (42 per cent). Rice, bajra (Pearl millet) ragi, preengram, horsegram, groundnut,
sesamum, mesta (Hibiscus sabdariffa and H. cannabinus) and sugarcane are the important crops.

The main cropping seasons, in order of importance, are Kharif (May/June to November),
early Kharif (April-May to July-August), and summer (January to May). The extent of the area
under crops during each of these seasons is dependent on the seasonal rainfall and the availability
of irrigation water.

In tank fed irrigated areas, the time and quantity of irrigation is uncertain because of low
capacity of tanks which needs to be filled by seasonal rains 2 to 3 times during. the crop growth
period. Even all the areas covered by canals do not have assured irrigation. In this zone the
uncertainty with regard to quantum and time of availability of irrigation water is the major
constraint on crop production. This problem is further aggravated because of predominance of
~ed soils which have low water holding capacity.

3.7.3. Southern Zone

It comprises of the entire Nellore and Chittoor districts, parts of Prakasam and Cuddapah,
and the eastern part of Anantapur. The average annual rainfall of this zone is 700 to 1050
mm, It is equally influenced by the S.W. and the N.E. monsoon. During the S.W.monsoon
period about 350-500 mm (50 per cent} is received. The rainfall in the N.E.monsoon period
ranges from 250-400 mm (36 per cent} and the remaining 100-150 mm rainfall is received during
non-monsoon period. Nellore district receives 60 per cent of its rainfall from the N.E.monsoon.

The maximumn and minimum temperatures auring the S.W.monsoon range from 35°-40°C
and 239-25°C respectively. The corresponding temperature rahge during N.E. monsoon period
is 282 to 33°C and 15° to 20°C while for the non-monsog Bﬁod, it is from 31° to 39°C and
139 to 259C respectively. (f)

Red loamy soils are predominant which are shallgw t& moderately deep (association of Alfisols
and Entisols) followed by red earths with oamy subbils i.e., Chalkas (association.of Inceptisols
and Alfisols). Very small patches of black cot oils which are light, and moderately deep to
deep (association of vertisols and Inceptisols) alsé occur.

The gross cropped area in this zone is about 18,72,000 hectares out of which 8.1 lakh hectares
(43 per cent) is under irrigation. Rice, groundnut, sorghum, ragi, bajra, Korra, (Setaria italica),
horsegram, sugarcane and tobacco are the principal crops of this zone.

The total seasonal rainfafl is not sufficient for getting a good crop. Further, it is erratically

distributed. Dry spells for a longer period and high intensity rains are common, and these result’

in run-off of water, and soil erosion. These situations contribute to low yield levels and instability
in production. The main sources of irrigation, i.c., tanks and wells which depend on seasonal
rainfall for their filling cannot provide assured irrigation due to erratic and low rainfall. -

3.7.4. Northern Telangana zone

This zone fncludes the districts of Adilabad, Kérlmnagar Nizamabad, Medak (except the
southern bordérs) Warangal (except the north western portion), the eastern strip of Nalgonda,

and Khammam (except extreme southern and eastern parts). It receives an annual average

rainfall of 900-1150 mm of which 740-940 mm (82 per cent) is received during the S;W.monsoon,
90 to 120 mm (10 per cent) during the N.E. monsoon and 70 to 90 mm (eight per cent) during
the non-monsean period. :

The maximum and minimum temperatures during the S.W. monsoon period vary from 32° to
379C respectively. During the N.E.nensoon period, the maximum and minimum temperatures
range from 29° - 32 °C and 139 - 17°C, while in the non-monsoon months, the range is from
30° - 52°C and 13° - 279~ respectively.
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Red soils are predominant in the zone. Fhey include (i) The chalkas, ie., Red earths
with loamy sub-soils (association of Inceptisols and Alfisols) (i) Red sandy soils ie., dubbas
and chalkas (association of Entisols, Inceptisols and Alfisols), and (iif) deep to very deep red
loamy soils {Alfisols). The second important group is that of black soiis which include (i) light
and moderately deep to deep black cotton soils (association of vertisols and Inceptisols), and
heavy and deep to very deep black cotton soils (Vertisols). A small patch of acidic laterite soils
(Oxisols) occurs in the South Western corner of the zone (Map-I). Considerable area in this
zone is under forests, the soils of which were not classified.

The gross cropped area in the zone is about 26.7 lakh hectares of which 6.61 lakh hectares
(24.7 per cent) is under irrigation. The principal crops of this zone are jowar, rice, maize, cotton,
groundnut, pulses, bajra and sesamum etc. '

Rice and Sugarcane are the important irrigated crops. The main crop seasons are the kharif
and the rabi. Jowar is grown under rainfed conditions in the Kharif as well as, the early rabi
conditions (maghi). Pulses like redgram and horsegram are extensively grown. The Khammam
arca and the adjacent area of Warangal district get the benefit of the late N.E. monsoon rains.
In this N.E. monsoon influence belt, two crops, pulses in kharif followed by eatly rabi jowar, are
taken.

Check Your Progress - 2
What is the annual average rain falt of Northern Telangana Zone.
Note: (a) Write your answer in the space given below.

{b) Compare your answer with the one giv‘en at the end.

...................................................................................

..................................................................................

3.7.5. Southern Telangana Zone

This zene includes the districts of Rangareddy, Mahaboobnagar (except the southern border),
Nalgonda {except the south-eastern border), the North-Western part of Warangal, and the
Southern part of Medak. It receives an annual rainfall of 700-900 mm. About 500-700 mm

 rainfall (77 per cent) is received during the S.W.monsoon, 90-120 mm (13 per cent) during the
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N.E. monscon, and 70-130 mm (10 per cent) dusing the non-monsoon period,

The maximum and minimum temperatures during the S.W.monsoon, range from 28° - 34°C
and 22° - 23°C respectively. During the N.E. monsoon the maximum and minimum temperatures
very from 289 to 37°C and 16° to 26°C respectively.

It is predominantly dominated with red soils consisting of red earths with loamy sub-soils
1e., Chalkas (association of Inceptisols and Alfisols) and red sandy soils i.e., dubbas and Chalkas
{association of Entisols, Tnceptisols and Alfisols). Smalt areas along the Western boundary have
light and moderately deep to deep black cotton soils {Association of Vertisols and Inceptisols),

The main crops of this zone are Jowar, Rice, Bajra, Castor, Groundnut, Ragi, Horsegram
and maize, It is not only the castor belt of Andhra Pradesh but also of the country, accounting
for about 40 per cent cf the castor area in the country. The area under different crops and their
relative percentage in this zone, as well as in the state, is give helow (Table 2.5).



There are only two main crop seasons ie. Kharif and Rabi. Cropping is mostly jowar or
rice based. The main sources of irrigation are tanks followed by wells. As such the guantity and
time of availability of irrigation water, acts as the major constraint on agricuitural production.
Gall midge pest problem on rice in Warangal district is another constraint in rice production.
The soils of this zone are sandy to sandy loam in texture with Iow mtrogcn, phosphnrus and zinc
content and have poor water holding capacity. .

3.7.6. Scarce Rainfall Zone of Rayalaseema |

The districts of Kurnool, Anantapur, the Western parts of Prakasam and the northern parts
of Cuddapah constitute this zonc This zone receives the lowest rainfall in the state. The average
anmual rainfall of the zone is 500 to 750 mm. During the S.W.monsoon period 280-420 mm of
rainfall (56 per cent) is received while in the N.E. monsoon period 165-250 mm of rainfall (33
percent) and 55-80 mm of rainfall (11 per cent) during the non-monsoon period is received.

The maximum and minimum temperatures during the S.W. monsoon range from 32° to 36°C
and 24° to 30°C respectlve]y The correspondmg temperature range during the N.E.monsoon
period is 30° to 32°C and 15° to 20°C, while for the non-monsoon pcrlod it is 32° to 40°C
and-17° to 27°C. : _

" The following important grohps of soils are 'fou_nd in this tract.

(i) Red earth with loamy sub soils (associatjon of Inceptisols and Alfisols).
(iij ~ Red earths with c[ayey sub soils (assoaatlon of Alfisols and Inceptisols).
(ii) Red sandy soils (assocmtlon of Entisols; Inceptlsols and Alﬁsols) '

(iv) Black cotton soils which are light and moderately deq@ deep (association of Vcrtisol.s'
- and Inceptisols). :

v) Black cotton soils which are heavy and deep t ery deep (Vertisols).

Anantapur is the driest. district with predom1 of red soils. These soils are shallow and
have low fertitity and low moisture holding c . These soils are subjected to serious soil
erosion problem. This district receives the lowe ramfall (544 mm) in the zone. The rainfall is

uncertain and erratic during the Kharif season leading to freguent occurrence of severe droughts
and famines. Anantapur district is a chronically drought prone area in the state.

The gross cropped area in this zone is about 21.26 lakh hectares. The gross irrigated area in
this zone is only 3.35 lakh hectares which is 15.8 per cent of gross cropped area. the principal
crops of this zone are sorghum, groundnut, korra, rice, cotton, pearl millet, horsegram, redgram
and ragi. Area under different crops and relative percentage of the area occupied by crops in
the zone as well as in the state is given below (Table 2.6).

Most of the cultivated area is rainfed and dependent on the S.W. monsoon. The main
constraint is low rainfall with-uneven and erratic distribution. The problems is further aggravated
with low water-holding capacity of the soil, and having meagre irrigation facilities. Crop production
in this drought prone area is a high risk proposition. Many small and marginal farmers combine
crop production with livestock base of-sheep or goats.‘

3.7.7 High Altitude and Tribal Areas

This zone comprlses the areas along the northern borders of the state in thc districts of
Srikakulam, Visakhapatnam. East Godavari and Khammam, These areas are inhabitated by
tribals. The annual rainfall of this zone is more than 1400 mm and large areas in this zone are
lying at high altitudes upto 1000 metres. The distribution of rainfall is as follows: 765 mm during
the S.W. monsoon, 410 mm during the N.E. monsoon and 220 mm during the non-monsoon
period. The zone has a sub-humid climatic conditions. i
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Red soils with a clay base (Alfisols) and forest land are found in this zone. The gross cropped
area in this zone is about 4.23 lakh hectares of which 56,000 hectares (13 per cent) are under
irrigation, In this 2one Rice, millets, groundnut pulses and sesamum are important crops.

Shift cultivation is a common practice (podu culﬂvatlon) Smce the inhabitants are tribals,
they need to be educated with regard to the hazards of shift cultlvatlon pest and disease problems
of crops. They should be supplied high yielding varieties of crops. Plantation crops like coffee,
pepper, and cocoa which were recently introduced in the forest areas of this tract should be
popularised. They should be trained and demonstrated improved crop management practice,
soil conservation practices, agriculture and cattle and sheep improvement.

Check Your Progress - 3 . _ :
How many Agrochmatlc Zones are there in Andhra Pradesh? What are they‘?
Note: (a) Wnte your answer m the space ,glven below

(b) Compare your answer with the one given at the end

...................................................................................

..................................................................................

...................................................................................

38. SUMMARY - \
: \

Andhra Pradesh is predominantly an @ulmral state having irrigation facilities to an extent
of 35 per cent of gross cropped area. ?-pe of soil and climate of the region are the basis for
delineation of agro-climatic zonew ra Pradesh is divided into.seven agro-climatic zones
mainly based on variation in 1, The Krishna-Godavari zone receives an annual rainfall
of 800-1100 mm, having the highést gross cropped ‘area of 27 lakh hectares of which 16 lakh
hectares are under irrigation. Rice is a predominant crop. The other important crops are
sugarcane, chillies, Sorghum, Tobacco and Cotton. The average annual rainfall of north coastal
zone is 1000-1100 mm with the early onset of the monsoon in the month of May. The gross
cropped area of this zone is 11.9 lakh hectares having irrigation facilities to an extent of 42 per
cent. Rice, Mesta, Groundnut, Finger millet and Bajra are important crops of this zone. The
Southern zone comprising Neﬁore Chittor and parts of Prakasam and Cuddapah, receives an
annual rainfall of 700-1050 mm both from S.W. (50%) and N.W. (36%) monsoon. Of the total

_gross cropped area of 18.7 lakh hectares 43 per cent.area is under irrigation. Rice, groundnut,
jowar, bajra, and finger millet are the. important crops of this zone. North Telangana zone
receives an annual rainfall of 900-1150 mm having a gross cropped area of 26.7 lakh hectares
with irrigation facilities to an extent of only 24.7 per cent. Jowar, rice, maize, and cotton are
important crops of this zone: The -annual rainfall of Southern Telangana zone is 700-900 mm.
The gross cropped area of this zone is 17.28 lakh hectares having irrigation facilities to an extent
of 23.7 per cent only. Red and Chalka soils are common. Jowar, Rice, Bajra and Castor are
important crops of this zone. Rayalaseema zone receives the lowest rainfall of 500-750 mm per
annum both from S.W.(58%) and N.E. (33%) monsoons. The gross cropped area of the zone
is 21.26 lakh hectares of which 3.35 lakh hectares is under irrigation. The principal crops of this
zone are sorghum, groundnut and korra. ‘The High altitude and tribal areas found along the
northern borders of the state receive an annual rainfall of more than 1400 mm both from S.W.
(54.6%) and N.E.(29.3%) monsoons. The gross cropped area of this zone is 4.23 lakh hectares
having irrigation facilities to the extent of 13 per cent only. Rice, millets, groundmut and pulses
are commonly grown, besides newly introduced plantation crops, like coffee and pepper.

36



39. CHECK YOUR PROGRESS : MODEL ANSWERS

Basing on the altitude the state is divided into 3 physical regions.
Northern Telangana Zone receives an annual rainfall of 900- 1150 mm.,

There are chen' Agroclimatic Zones in Andhra Pradesh. They are: (1) Krishné-G_odair‘ari
Zone (2) North Coastal Zone (3) Southern Zone (4) Northern Telangana Zone (5) Southern
Telangana Zone (6) Scarce Rainfall Zone of Rayalaseema and (7) High altitude and Tribal
areas,

3.10. MODEL EXAMINATION QUESTIONS

L. Answer the following questions in about 30 lines each.
. 1. Describe the soils and climatic conditions prevalent in Andhra Pradcsh

2. How afe climate, soils and cropplng patterns different in Southern reglon compared to
North Coastal Zone?

II. Answer the following questions in about 10 lines each.

1. In Telangana region which are the districts that receive more than 900 mm rainfall and
what crops are grown in that tract?

2. What are the characteristic features of scarce ramfal}\)me of Rayalaseema and how it

differs from Southern Region?

3. Mention the districts which recewe less than ’@‘mm of rainfall. Name the major Crops
cultivated in thcse areas.
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4.1. OBJECTIVES

By the end of this unit you wili be able to:

classify the manures and describe eacjrane”™of them separately,

define green mdnures and kst out?gadvantages and disadvantages of green manures,
describe the characteristics of @«good green manuring crop,

list out the various concen@d organic manures and describe each one of them,
classify the fertilisers and describe each one of them with examples,

explain the time and method of application of fertilisers,

define biofertilisers with some examples,

N A U R A o

list out various types of soil amendments that influence plant growth.

4.2. INTRODUCTION

The productivity of soils and crop yields obtained from them are dependent on the quantities
of plant nutrients present mn soils. Soits gradually become infertile owing to the continuous loss
of nutrients in many ways, Thus, the loss of soil nutrients may be due to removal of nutrients by
harvested crops or by leaching or by erosion etc. However, fertility of the soils can be restored
by supplementing with plant nutrients through organic manures, fertilizers and soil amendments,

4.3. MANURES

The manures are added in buik quantities to timprove the physical condition of the soil and for
maintenance of soil fertility. The plant nutrients present in soil-applied manures are liberated in
an available form after they are decomposed by soil microflora. M urea include bulky organic
manures, concentrated organic manures and green manure crops. '



4.3.1. Bulky Organic Manures

These organic raw materials are used {6 mainfain the organic matier content of the soil, and
to improve physical condition of the soif thereby increasing water holding capacity of the sandy
soils, and to apeir the clay soil and help aeration and better root growth. They supply plant
nutrients in small quantifizs. The buliky organic manures provide fond for soil microorganisms
and help the microbial activity there by rapid decomposition of organic matter and releasing
plant nutrients in available form. Besides providing major nutrients, the buiky organic manures
also supply fraces of micronutrients which are very essentis! for plant growth. Parmyard mamare
or compost from organic waste, towrni compost, night-3cll or poudreste, sawage and sludge, sheep
penning green manures and other bulky sources of organic wmatter are included in this category.

{i) Farmyard mannure (FYM]): This form Is the rmost commenly used organic manure in
India. Farmyard manure consists of a decomposed miture of caitde dung, urine, the bedding
material and remnants of straw and piand stalks fed {o the cattle and other domestic wastes like
ashes, sweepings etc, collected and durmped inio 2 pit or heaped in the corner of a back yard.
Factors influencing t‘m guality and the compesition of Farmyard manuie are: {1) Source of
manure (2} Food of the animal {3} Age and -"n'ad"tifm of the animal {4} Function of the ammdl
(5} Nature of the bedding material etc. {6) Mode of storage or preservation.

Addition of FYM contributes largely in soil improvement in the foilowing three ways: (a

=3 .‘l" it =] N
improves the soil physical condition {b) lncreases the water-holding capacity of the soil and (c)
stimmulates the microbial activity necessary for the release of plant nutrients.

The use of this manure alone may not cause an imbslance i plane nuteition as it is estimated
that well decomposed FYM containg, on an averags, {"‘ 7 N, 0.2% 1’20< and €.5% K,0.
Therefore, to keep the soils well supplemented with piant nuiNeuts, the bulky organic manures
must be used along with superphosphate and other ar dftr,:d!\%bmluers.

(ii) Farm Compost: Farmhouse and cattie-shed wasg@®orl all types are used in the preparation
of compost, and the other type of culky orgenic m »5, There are twg recornmended methods
of composing waste organie maferisls. They @B heap method, and pit method. Farm liter
compost contains .5% N, (.15% PZON and 0.5 ﬁnO

Heap Methed: The normal practice of storing dung and Liier in exposed heaps above the
ground, is defective, and leads to great iosses in manuvrial ingredients. Urine is iost as no attempt
is made either to collect it in a tank or soa¥ it in a bedding of litier and earth spread on the
floor of the cattleshed. Both these losses fan be reduced considerably if improved methods are
followed.

Pit or Trench Method: Trenches of suligble size of 4m jong L.5m broad #nd 1m deep are
constructed. All the avalable dry {itier and other material from the farm are spread daily on the
floor of the catlle shed in the svening for absorntion of urine. Each morning the nrine soaked
litter and deng is well mixed and taken to the mamure trench. A szenion of the trench from one
side, is filled with the daily collection of dung mixed withiurine soaked Hiter, When the section
is filled up 43 to 60 cm ahove the ground level, the wop of the heap is made dome shaped and
plastered with cow dung and earth sfurry, Then another fienen is taken up for fitng,

After a couple of monihs the entire trench will be filled up. The second trench. is taken vp
for tilling in a similar manner.

By the time the second trench is filled up the manure in the {irst trench will e compleiely
decomposed and ready for use in the fizlds. Twoe such trenches will be sufticient for a farmer,
who has 4 to 5§ heads of catrie. When there are more catiiv, the tensth of the trenches or their
number is increased keeping the breadth and depth of the same.

This method gives almost double the quantity of manure compared to the heap method.



iii) Town Compost: The town refuse or waste consists of night- soil, sewage, sludge, street
and dustbin refuse, factory waste, etc. The waste contains nutrent ¢lements like nitrogen,
phosphorus and potassiom. Large scale compositing of urban réfuse and night soil has been
taken up by many municipalities in India. This is effected by filling properly constructed trenches
with successive layers of night soil, town refuse and earth. The compost which is well decomposed
and ready for use as manure contains 1.4% N, 1.0% P>O4 and 1.4% K,0. These values indicate
that town compost is richer in fertilizer value compared to farmyard manure.

(iv) Night Soil or Poudrette: This manure is obtained from human excremerit by & method -
known as poudrette system and hence the material is also called poudrette. night soil or poudrette
is richer in manurial value as compared to farmyard manure or compost because it contains 1.2
to 13% N, 0.8 to 1.0% P»05 and 0.4 to 0.5% K50, on fresh weight basis.

(v) Sewage and Sludge: Sewage disposal systems are operated by many municipal bodies
and big cities in India. Xt has a solid portion, technically known as sludge and a liquid portion,
commonly known as sewage-water. Sewage contains large quantities of plant nmutrients and are
used for growing crop plants by operating sewage farms. The raw sewage is treated to remove
the siudge portion. The settied sludge is allowed to undergo oxidation. It provides an activated
sludge corftaining 2 to 2.5%N 1to 1.2% P205 and 0.4 to 5% K40 which can be readily applied
to the soil,

Activated sludge is produced by passing air rapidly through the raw sewage, which accelerates
aerobic decomposition of the material. It has no offensive odour. After proper drying, it can be
marketed, It contains 8 to 10% moisture 5 to 6% N, 3 to 3.5% PyOg and 0.5 to 0.7% K»0.

(vi) Green Manures: The practice of cult@ng a quick-growing crop and ploughing it under
to incorporate it into the soil is calied -gr@-nanuring. It improves physical condition as well as
fertility status of the soil.

The green manure crops are n either as a2 pure crop or as an intercrop with the main
crop and buried in the same fie%h h is to be green manured. This is,known as green-manuring
in site. Both legumes and non®légumes are used as green manure crops. The most common
green manure crops are sunhemp (Crotolaria juncea), dhaicha (Sesbania aculeata), pellipesara
{Phaseolus trilobus). Green-leaf manuring refers to turning into the soil, green leaves and tender
green twigs collected from waste lands and near by forests. They are spread in the field and
incorporated into the soil. Green manures have 2 marked residual effect also. Usually 30 to
50% increase in crop yield is realized due to green manuring. The common shrubs are Sesbania
speciosa, Pongamia pinnata and Glyricidia maculata. :

Advantages of Green Manuring: (1) It adds organic matter to the soil and the microorgan-
isms of the ‘soil are stimulated. (2) It improves the soil structure thereby improving the water
holding capacity of the soil. (3) The green manure crop utilizes nutrients from the lower depths
of the soil and adds to the top most layer of the soil in which it is incorporated. (4) The legu-
minous green manure crops fixes the atmospheric nitrogen in the root nodutes which will be
utilized by the succeeding crops. (5) It increases the availability of certain other plant nutrients
through releasing organic acids, :

Disadvantages: (1) Under rainfed conditions it depletes the soil moisture for its growth and
decomposition to such an extent that succeeding crops are affected adversely unless there are
sufficient rains. (2} Incidence of pests and diseases may increase due to the succulent nature of
the crop.

Characteristics of Good Green Manuring Crop:. The crops used for green manuring
should have the following characteristics (1) It should come up well even on poor soils. (2} It
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should give a large quantity of green material within a very short period. (3) Initially, it should be
quick growing, to suppress the weeds. (4) It should have well developed, deep and fibrous root
system, so that it can utilize nutrients from the lower depths of the soil. (5) It shoutd be succutent,
and decompose quickly (6} Preferably it should be a legume, so as to fix the atmospheric nitrogen. -

Check Your Progress - 1
What is meant by night soil?
Note: (2) Write your answer in the space given below.

{b) Compare your answer with the one given at the end.

..................................................................................
..................................................................................
...................................................................................

..................................................................................

4.3.2. Concentrated organic manures

Concentrated organic manures are organic in nature and.contain higher percentage of major
plant nutrients like N, P and K, compared to other organic manures. The common concentrated
organic manures such as oil cakes, bloodmeal, fish manure, meatmeal and wool waste are made
from raw materials of animal or plant origin. : '

(i) Oilcakes: Both the types of oilcakes viz., -edible O‘i[ca@(suitabie for feeding to- cattle)
and non-edible Oilcakes are applied to the soil. Oilca]®ontain N,P, K along with a large
percentage of organic ammonia and finally into nitratgitrogen. Therefore, these manures are
relatively slow in acting, compared to fertilizers, bytsupply available nitrogen for a long period.
These bulky organic manures may aiso supply s a%antities of minor elements needed by the
plants. %

For the uniform spread in the field the oilcakes should be powdered before application. In
about six weeks nearly all nitrogen is nitrified and is, therefore, used by the crop. Hence the
residual effect on subsequent crops is not worth mentioning.

(1i) Bloodmeal: Completely dried and powdered blood collected from slaughter-houses is sold
as bloodmeal. It contains 10 fo 12% of N, 1 to 1.5% of Py 04 and 0.6 to 0.8% of K,0. Bloodmeal
is also a quick acting manure and can be applied to all crops on all soil types. It is best used by
mixing with the soil, so that it may be distributed evenly in the soil.
. !

(ii1) Meatmeal: Meat from amimals is dried and converted into meatmeal. Meatmeal contains
10.5% N and 2.5% phosphoric acid. It is a véry quick-acting manure and is effective for all crops
on all soil types. '

(iv) Fish Manure: Fish manure or fishmeal is prepared from nonedible fish, carcasses of fish
by drying and crushing or powdering. Fish manure contains 4 to 10%N, 3 to 9% P»Og and 0.3
to 1.5% K5O. Like the other concentrated organic manures, fishmeal is quick acting in all soils.
This manure often contains a considerable quantity of salt due to ctude drying on the sea- side.
As salt is considered favourable to coconut tree, it is largely applied to these trees which grow
along the coast, '

(v) Horn-and Bonemeal: Thisis another type of dried and powdered organic manure derived
from the horn and hoof of animals.
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{vi) Bone Meal: Raw Bone meal contains 3 to 4%N, 20 to 25% P>0s and 28 to 32% lime.
Usually bones are powdered before they are applied to the soil.

Steamed bones are brittle and easy to crush and they decompose more readily. Steaming,
although, removes some nitrogen, increases the phosphoric acid and lime contents. Steamed
bone contains 1 to 2%N, 25 to 30% PO+ and 23% lime. Bone meal is suitable for acid soil and
it works well on light well drained soils that have good aeration. It can be used for all crops but
mainly for paddy and fruit trees. 1t has to be applied as a basai dressing at the time of sowing

or planting.

A0

Check Your Progress - 2
Define Blood Meal?
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the the end.

..................................................................................
...................................................................................

..................................................................................

4.4. FERTILIZERS

Fertilizers are apptied mainly to increase the supply of one or more of the essential nutrients
such as nitrogen, phosphorus, and potassiu ertilizers contain these nutrients in the form of
soluble or readily avaitable chemical con@nds.

The fertilizers are sometimes called{Bkemical’ or artificial manures. The commercial fertilizers
are of two types: iftorganic and ic. Inorganic fertilizers are ammonium sulphate, calcium
nitrate, superphosphuate, nitrat%p tash, etc. Organic fertilizers are urea and calcium cynamide,

Fertilizers are usually classified, based on the particular plant nutrient which forms their
principal constituent. Thus, fertilizers may be grouped into nitrogenous fertilizers, phosphatic
fertitizers, potassic fertilizers, etc. complex fertilizers contain two or more of the primary essential
nutrients.

44.1. Nitrogenous Fertilizers

[

Based on the chemical form in which the nitrogen is combined with other elements, the
nitrogenous fertilizers are divided into four groups. These are : nitrate fertilizers ammonium
fertilizers nitrate and ammonium fertilizers and amide fertilizers. OFf these, the first three groups
are inorganic in nature while the amide fertilizers are organic.

(i) Nitrate Fertilizers: These are obtained both as natural products (e.g. Chilean nitrate
or sodium nitrate) and as manufactured products from synthetic ammonia. Nitrogen combines
as NO3 with other elements. Sodium nitrate with 16%N and calcium nitrate with 15.5%N
are examples of :such fertilizers. The nitrate fertilizers are quickly dissociated in soil solution,
releasing the nitrate jon for plant absorption. However, there is also the increased danger of
leaching of these fertilizers,

(ii)) Ammonium Fertilizers: Ammonium sulphate, ammonijum chloride, ammonijum phos-
phate are some examples of this group of nitrogenous fertilizers. These fertilizers are less rapidly
utifized by growing ptants than nitrate fertilizers. Ammonium fertilizers are much more resistant
to loss by leaching.
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(2} -Ammonium Sulphate: It contains 20.6% of Nitrogen and 23.7% of sulphur. It is a
crystaltine salt, completely soiuble in water snd fixed by clay and humus in the soil soon after
application. The ammonium is converted info nitrate by nitrifying bacterla in the presence of
oxygen. This conversion is very rapid in India due fo high femperatures and hence nitrogen
becomes available to the crop, soon after apphcutzon Paddy crop prefers ammonical form of

nitrogen, and hence ammonium sulphate is most suitable for ihie paddy crop.

{b) Ammonium Chloride: I contains 25% of N. It is alsc white in colour and possesses the
same properties as that of ammoniam sulphaie.

(i1} N!tram and Amantoniuin Fectilizers: It {his grotp of nitrogenous fertiiizers, nitrogen
is present in both ammaonicai and nitrate forms. The mwost important examples of this type are
ammonium nitrate, calciogm ammaenium aitrate asd ammonium sulphate nitrate. These fertifizers
have the propertics of both nitrate and amivonical forms.

a) Calcjum Ammonimn Nitrate: it contains 20.5 585 of W of which o half is in nitrate form
and the other haif in an ammaonium form. it Qs highly hyveroscopic and should be stored in a
dry place. Mixing with other fertilizers containig tree lime 1., basic slag or caleium cynamide
is not advisable duc o loss of ammonin '

b) Amuuoninm Sulphate Nitrate: Tt contains 2672N. 1t has V4 of nitrogen in nitrate form
and 3/4 in ammonical form. 1t should not be mixed with fertilizers containing free lime such as
basic slag, calcium cynamide etc. .

(iv) Amide Fertilizers: These fertilizers contain nitrogeg in amide (NHy or CNy) form.
Examples are ; urea and calcium cynamide which are techn rc&@ciagsiﬁcd as organic compounds.
Amide fertilizer are readily soluble in water. Expeciaily ) 1 iz suitabic for most crops and can
be applied to all soils. Urea iy a concentrated nitroggg tertilizers and contains 44% N Tt is
white, crystalline and hygroscopic in nature, # i m%' than any other altrogenous fertfizer.,
it undergoes changes and is converted o tii‘%'iJQﬁT{I!Tl carbopate aud then to nitrate due to
also be used 2s @ spray fertilizer. A solution
ny crops such as rice, wheat, potato

biclogical activity in abont 7 to 14 day: Ure
containing urea upto 4% can be used or spravig on o
and fruit crops.

4.4.2. Phosphatic Fertilizers

These arc classified as naforal pliosphates, or processed phosphates, by-product
phosphates and chemical phospha The piant n 'l uﬂt of all the phosphatic fertilizers is
expressed in terms of perceritage of phosphorus pentoxids (P05} The following is an account
of the diffcrent phosphatic fertilizers.

(i} Reck Phosphate: This occurs as natural deposits of rock in the USA, Moroeco, the USSR,
Algeria, Brazil, Egypt etc. Rock phosphate contsics 25 to 30% as tricalcium phosphate. Very
little rock phosphate is used directly as fertilizer. Most :;f it s used for the manufacture of super

phosphate and other phosphatic fertilizers. [t can be appited i green manure crops and to the
crops grown in acid soils.

(i) Super Phosphate; Formerly this was produced by treaiing hones with aulphunc acid. It is
now manufactured iargely by treating ground rock phosphaie with sulphuric acid. Superphos-
phate is manufactured in three grades: sin QLI]:f'-rpi'}::xsp}mi’.c, dicateinm phosphate and triple
superphosphate. The phosphoric acid in sup phate s completely water- soluble. This fer-
titizer is suitable for all crops and can he applied o all & )1“ it confains 16% of PHO5 and is
used all over the world, Tt is afso keown as single super phosphate,

T ho

(i) Dasic Slag: Tasic slag is a by-produc of the steet irr"‘ls:rry. i2epending upon the phosphorus
content of the iron cre, basic slag containg & 1o 0% . Easic siag is a desirable phosphatic
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fertilizer because it is alkaline in reaction and the phosphoric acid is readily available to plants. If
is advisable to apply it in heavy doses, a month before the sowing of crops. It has a considerable
residual effect.

(iv) Bonemeal: It is available in two forms viz., raw bonemeal and steamed bonemeal. Bonemeal
is well suited for acidic soils and for long duration crops. It may be applied to the soil only at
the time of sowing or before sowing. :

4.4.3. Potassic Fertilizers

Potassic fertilizers are apphed to the soils deficient in potash to supply the plants with
potassium. Potassium jon (K*) present in solution is absorbed by the growing plants. Potassic
fertilizers in common use are: nitrate of potash (potassium chloride) and sulphate of potash
(potassium sulphate).

Nuritate of potash contains 50 to 63% K,O. It is easily soluble in water and K5O is readily
available to plants. It is not lost from the soils by leaching. Sulphate of potash contains 48 to
52% K50 and dissolves readily in water and-becomes available to p[ants immediately. Woed
ashes contammg 5to 6% KZO are also applied to crops.

4.4.4. Other Fertilizers

Compound fertilizers are multiple nutrient materials which supply two or three plant nutrients
simultaneously. For example, ammosphos provides 16% N and 20% P»0O<. Most often mixed
fertilizers meet. nutrient deficiencies in a more balanced way. Complete fertilizers contain a
mixture of all the three principal nutrients (N, P and K).

4.4.5. Mode and Time of Fertilizer lication

If the fertilizers are applied at the{proper time and at the proper place, then.only the crop
plants are benefited to the ma:urnﬁ he nature of the fertiizers, the soil type and the field
crops largely influence the tlm% ethod of fertitizer application.

When crops are of longer duration, nitrogenous fertilizers should be applied in split doses.
Such split application is also desirable in the case of lighter soils for reducing fertilizer losses due
to leaching. Phosphatic fertilizers should be applied in one dose before sowing. It is advisable to
apply bonemeal or rock phosphate to acid soils a week or fortnight before sowing. At planting
time, potassic fertilizer should be applied in one dose. )

Fertilizers which are in solid form can be applied in the foliowing ways. S.P 1. Broadcasting:
The fertilizer is spread evenly and uniformly over the entire field either at planting time or on
the crop as fop dressing. S.P 2. Placement: Fertilizers are placed in the soil before sowing
or after sowing the crops. Plough sole placement, deep placement and subsoil placement are
different methods of this category. S.P 3. Localized placement: In this method, fertilizers are
incorporated into the soil close to the seed or plant. Various methods generally followed are
contact placement, band placement, pellet application and side-dressing.

When the fertilizer is in liquid form, the following are the four primary methods of application.
1. Starter solutions are applied to young vegetable plants at the time of transplanting, 2. foliar
apphcatlon with Isultable fertilizer solutions, 3. direct application of liquid fertilizer to the soil
and 4. appllcatlon of liquid fertilizers through irrigation water.

4.5. BIO-FERTILIZERS

The term biofertilizers denotes all nutrient inputs for plant growth which are of biological
origin. These agricultural inputs have manurial value and are aided by microbial processes.
Hence, they can be appropriately called ‘microbial inoculants’. For example, some bacteria
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- and bluegreen algae fix the atmospheric nitrogen, if they are inoculated into the soil and
established in paddy fields. Preparations containing these mlcroorgamsms can also be considered
as bacterial (microbial) fertilizers.

Of the different bacterial fertilizers, nitragin is the most important, It is a peat, lignite or
soil based preparation containing effective strains of Rhizobium (root nodule bacterium) specific
for different leguminous crops in adequate numbers. The other two bacterial fertilizers are
azotobacterin and phosphobacterin. Azobacterin is a preparation containing cells of Azotobacter
chroococcum grown on' agar. Phosphobacterin is a kaolin based preparation containing cells of
Bacillus negaterium var, phosphaticum,

A greater understanding of associative symbiosis between grass and Azospirillum (a nitrogen
fixer) led to its practical application as seed inoculants for cereals in developing countries where
fertilizer nitrogen is scarce. The concentrated preparation of dried cells of blue-green algae are
also useful for enhancing the nitrogen content of paddy field soil.

Check Your Progress - 3
What is Nitragin?
Note: {a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

..................................................................................
..................................................................................
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4.6. SOIL AMENDMENTS 'Q:?&

- :

Soil amendments are materials such as Ihﬁbgypsum, saw-dust, sulphur or soil conditioner
that are added to the soil to influence plant growth. They change the soil reaction or pH, or
improve the physical condition of the soil. The term soil amendment is used most commonly
for added materials other than fertilizers. However, agricultural liming materials, for example,
also supply calcium and sometimes magnesium as nutrient elements, Soil amendments are of
three types. They are: 1. materials for correcting acidic soils, 2. materials for correcting alkaline
soils and 3. soil aggregating agents or soil conditioners to stabilize soil aggrcgatcs and to form
a granular structure,

Addition of any compound containing calcium alone or both calcium and magnesium, that
is capable of reducing the acidity of the soil is generally known as liming. Ground limestone
{calcium carbonate), hydrated lime {calcium hydroxide) or burned lime (calcium oxide) are added-
to acid soils to create soil conditions favourable to the utilization of plant nutrients.. -

For reclaiming problem soils (saline and alkaline soils) chemical amendments. like gypsum
(CaSOy4 2H,0), sulphur (S), iron sulphate (FeSO,4) and limestone (CaCO4) are suitable for
different soil conditions.

Chemicals such as polyvinilites, polyacrylates, celiulose, gums, lignin derivatives and silicates
are the soil conditioners added to maintain physical condition of the soil.

4.7. SUMMARY

Addition of manures, fertilizers and bio-fertilizers supply the required nutrients to plants
for their growth and production. Manures are supplied in the form of bulky organic manures,
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concentrated organic manures and green manures. Commercial fertilizers are inorganic or organic
in nature, improving the nutrient status and aptake by plants. A wide variety of nitrogenous,
phosphatic and potassic fertilizers are extensively applied in crop production. Fertilizers are
applied to the field either by way of broadcasting or placement. Bio-fertilizers or microbial
inoculants ephance the availability of plant nutrients in the soil. Unfavourable soil conditions
can be corrected by adding soii amendments.

4.8. CHECK YOUR PROGRESS: MODEL ANSWERS

1. This is a manure obtained from the human excrement by a method known as poudrette
system.

2. Blood meal is the dried and powdered blood coliected from staughter houses.

3. Nitragin is the peat, lignite or soil based bacterial fertiliser containing different strains of
Rhizobium,

4.9. MODEL EXAMINATION QUESTIONS

I. Answer the foliowing questions in abeut 30 lines each.
1. Give an account on the classification of manures.
2. Discuss in detail the use of bulky organic manures.
Write abeut the different types of congentrated organic manures.
Write an account on clasification @rtilizers.
(3ive an account on nitrogenou%?.’rtiiizers.
Describe the different types Sf phosphatic fertilizers.
Write about biofcrtilizers%nd soil amendments.

Discuss briefly the mode and time of fertilizer application.

e e N W s L

Write the improved methods of preparing F.Y.M. in pit and heap methods.

1. Answer the following guestions in abont 10 lines each.
Write briefly about tarmyard manures,

Describe the potassic fertilizers.

Give an account on the biofertilizers.

Give an account on the soil amendments.

Which are the ways of application of solid fertilizers?
Describe how liquid fertilizers are applied to corps.

Write briefly about the time of fefti!izcr application,

Briefly discuss the advantages of green manuring.

e U T S

What are the characteristics of good green manuring crop?
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£1. OQBRJECTIVES '
oS

By the end of this unit you will able to:

define tillage and list out and describe the objectives of tiliage,

define and differentiate cuitivation and intercultivation,

list out the types of ploughs and describe each one of them, _

list out the differences between indigenous plough and mould beard pleugh,

describe the Secondary tillage operations and the implements that are used for i, and

I SR

define tilth and its impottance.

5.2. INTRODUCTION

The soil is worked or manipulated by various tillage practices with an objective to prepare
a2 suitable seed bed for better germination of seeds and growth of crops, to remove weeds and
improve the soil physical conditions. The purpose of each tillage operation/practice is to achieve
either one or ali of the above objectives.

53. TILLAGE

Tillage is the practice of modifying the state of soil to provide favourable conditions for
growing crops.



5.3.1. Development of Tillage

It is believed that the earliest tillage was practiced with a digging stick. In course of time,
this digging stick was developed into a manually drawn foot-plough. Later on a bullock drawn
plough was evolved. '

Greek and Roman farmers believed that loosening and mixing of the soil improves the fertility
status of the soil, Hence, the maximum number of tillage operations were practiced. In the recent
past, the usefulness of practicing the maximum tillage operations were tested. It was opined that
the need for several (maximum) tillage operations in the past, had been grossly exaggerated.
Hence, tillage operations required for a specific purpose (good seed bed preparation, removal
of weeds and improving soil physical conditions etc are necessary. Extra tillage operations may
not be much vseful but the cost of cultivation increases. '

5.3.2. Objectives of Tillage

The aims of tillage practices are to (i) prepare the seed bed, (i) control weeds (iii) improve
soil structure (iv) improve soil aeration (v) dry.ths soil (vi) control pests and diseases (vii)
improve root penetration (viii) incorporate crop resiaues and organic manures.

Seed Bed Preparation: A well prepared, weed free seed bed with soft and friable surface
soil is necessary for good germination and seedling emergence. ploughing a too dry, too wet, or
compacted soil will leave many large and hardclods on the surface, it is a laborious and time
consuming process of breaking these clods to prepare a fine seed bed. Excess compaction of the
soil impede the seedling emergence. Too loose a soil with many large gir spaces may affect the
seed germination, when there is no sufficignt moisture in the soil. Thus, compacting the soil at
seed placement zonw and leaving the surfac@il in a loose condition is desirable,

“Weed Control: This is one of the mos@neﬁcial and primary roles of tillage. Weeds compete
with crop for moisture, nutrients, li %d space. some weeds secrete toxic substances through
their roots into the soil recordiné« growth or killing the crop plants. Weeds at the seedling
stage can be controlled effici by proper timing, and by using light cultivation implements.

Deep ploughing in dry soil during summer, is the effective means of controlling perennial
weeds. It may help to bury weed seeds.

Soil Structure: Tillage improves soil structure (Crumb and granular) under conditions of
.optimal moisture. Rough surfaces due to tillage, more so in clayey soils, will increase infiltration
of water into the soil by redocing run-off. the amount of water stored in the soj increases,
because of adequate proportiofi of micropores.

Soil Aeration: Tillage increases the sail air content. Better aeration hastens the metabolic
processes of plants and activity of micro-organisms. Aeration improves decomposition of organic
matter and release of plant nutrients.

Soil Drying: Drying the ploughed soil by exposing it to the sun rays in summer increases the
availability of some nutrients. Soil drying markedly reduces the total micro-organism population.
However, many of the beneficial saprophytes form resistant spores in the dry period and multiply
rapidly soon after wetting. The nitrifying bacteria are more resistant to d. iy

Pest Control: Ploughing the soil expose the insects (root grubs) and masses to birds or to
the sun’s heat. The birds would pickup the root grubs. Removing the stubbles by ploughing,
reduces the attack of the steam bore on jowar and bollworms on cotton. Many of the pest and
disease organisms like maize'borer, maize leafblights, ear-rot iscases in maize are destroyed by
being buried inrto the soil.
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Rodt Penetration: Tillage has only limited effect on root penetration, but breaking up of
hard pans in the soil, by deep ploughing or sub-soiling is essential not only to improve root
penetration but also improve drainage condition of the soil.

Crop Residues and Organic Manures: Making use of proper tillage implements, helps in
burying and incorporation of crop residues, and organic manures. These organic materials add
more humus and improve the fertility status of the soil.

Check Your Progress - 1
What are the objectives of tillage?
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

...................................................................................
..................................................................................
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54. TILLAGE OPERATIONS

The variouvs tillage operations based on their timing arg}roadly grouped as preparatory
tillage or cultivation, and inter-tillage or intcr-cu]tivatjoro

\g

The tillage operations carried out in the before the sowing of the crop will go in the
name of preparatory cultivation. They aim at tHe production of a loose, and friable condition
of the soil, suitable for crop growth, Preparatory cultivation includes ploughing harrowing, and
levelling. The purpose of using different implements, one after another, is to achieve good tilth.

54.1. Preparatory .Tillage or Cultivation

The basic operation performed to break open, and/or invert, the soil mass to prepare a seed
bed for growing crops is known as primary tillage, and the implements {mostly plough) used for
this purpose are called primary tillage implements.

Tillage aperations carried out following the primary tillage are known as secondary tillage.
These secondary tillage operations include the tillage practices carried out before the crop sowing,
and also soon after sowing (earlier to seedling emergence). The implements employed for this
purpose are ‘called secondary tillage implements. These include harrows, cultivators, levellers
etc. These -operations do not cause much soil inversion.

The secondary tillage aims at soil clod breaking and pulverisation, removal of weeds and
incorporation of crop residues with top soil, levelling and compaction of surface soil.

5.4.2. Intercultivation
Intercultivation is carried out in the field after the plants have come up (emerged).

The primary purpose of inter cultivation is to controt weeds. Intercultivation also breaks the
soil crust, facititating seedling development and in some cases rcughens the soil sufficiently to
increase water infiltration. Intercultivation brings about aeration of the soil. the intescultivation
operations are carried out for the benefit of the crop after seedling emergence, unfil the crop
makes sufficient growth.
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5.4.3. Preparatory Tillage or cultivation Operations

Primary Tillage Operaticos: Ploughing is the basic tillage operation carried out to break
open the soif mass. Ploughing leaves the land cloddy, joose and uneven. Therefore, it is not in
proper tilth for sowing of crops. To bring the soi! to a good tilth, it is necessary ta work the soil
with other tillage implemeniis. i

Primary tillage inaplemenis: ploughs are the most commeonly used implements for preparatory

tillage. The ploughs are either bullock-drawn or tractor drawn,

3.5. TYPES OF PLOUGHS

The descripiion of different types of ploughs that are ua2d for tillage operatives are given
below.

5.5.1. Indigencus or country ploughs:

These are bullock drawn implements made of woond. These are cheap and simple in
construction. These can be readily made with lecaily available wood (Acacia, Neem, Teak etc.)
and repaired locally. In addition to pioughing, these can be used to: {i) cover manures (ii) form
ridges and furrows (ifi) sow and cover seeds like groundiuut and bergalgram {iv) intercultivate
in chillies, cotton and tobacco ete, (v} earthing up of ciops, {v) harvest crops like sweet potato,
onion, furmeric, groundnut etc.

The country plough consists of a wooden body, an ivon share, a woocden shaft pole and a
wooden handle. {Fig. 5.1).

Fig.8.1. Tndigenous plough. 1. Handle, 2. Beam. 3. Body shoc. 4. Share.

Body: The body is the vital foundation of the plough, to whick are attached all the other
parts. The bottom portion is at an angle to the vertical part and is wedge shaped, tapering
towards the end for penetration inwo the soil

Share: The share is 2.5 to 4.0 cm broad, 1.2 to 2.5 cm thick and 30 to 40 cm long. This is
fixed upon the top of penctrating end of the bady into a grocve with ‘L’ shaped hails. The share
is the cutting part of the plough, and requires replacement occasionally on wear off.

Shaft poie: This is about 3 meters long and is driven into the vertical portion of the body.
The shaft pole conneets the plough to the yoke (Fig. 5.3)



Check Your Progress - 2
“What are the important parts of the indigenous plough?
Mote: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

5.5.2. Wooden Ploughs

a) Peddamadaka: This ploughs to a depth of 15 to 20t cm and is drawn by 2 to 3 pairs of
catile. These are used whenever deep ploughing is needed.

b} Dryland Ploughs: These are smaller, and plough to an average depth of 15 cm. The black
soil ploughs are heavier than the ploughs used in red or sandy soils.

¢} Wetland Ploughs: These are smallest, and cover about (.1 to (.2 hectares a day for the.
first puddling and about 0.25 to (1.3 hectares. at the final puddiing.

5.5.3. Mould Board Plouglis

These are made of irop (Fig.5.2) and useful only for ;}Iouw, but not for other operations.
These are used in dry and wet lend. Usually in wet lands, ptoughs are used for opening soil.
However, subsegquent ploughings are done with the wood {fough. The different parts of the
mould board plough are {i} Share (i) Mould board or%i’ng (iiiy Land slide (iv) Frog or Share
(v) Connecting rod {vi) Other accessories,

=\
N
AN

Fig.5.2. Animaimoold board plough. 1 Handie. L. Standard.
3. Beam. 4 Mould Board. 5 Share. 6. Landslide.
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Share: The part of the plough bottom that penetrafes into the soil and cuts the soil in 2
horizontal direction below the soi! surface. It is a sharp, well polished and pointed component.
The share is made up of chilled cast iron or steel.

Mould Board: This is a plate made of steel or cast iron, which receives the furrow slices
from the share. It lifts, turns and breaks the furrow slice. to suit different soil conditions and
crop requirements, mould board has been designed in different shapes,

. Land Slide: This is the part of the plough that slides along the face of the furrow wall. It
helps to resist the side pressure exerted by the furrow slice on the mould board.

Frog: This is the part of the plough bottom to which the share, mould board and the ]and
slide are attached rigidly. The ploughing is of two ways. (i) Gathering and (ii) Splitting. The
method of covering the plot by turning the plough towards the side of the mould board s called
gathering. Ploughing by turning towards the land slide that is opposite to the mould board is
called splitting.

Comparative study of the country or indigenous and mould board ploughs.

Country or indigenous plough Mould board plough
Only stirs the soil. : 1. Not only stirs but inverts the sojl.
2.  Unploughed land is left between succes- 2. No unploughed land is left.
sive furrows :
Opens a ‘V’ shaped furrow 3. Opens rectangular furrows.
Multipurpose implement. 4. Not a multipurpose implement.
Can be operated under varying condiQ Can be operated under the exact moisture
tions of soil moisture, conditions only.
6. Very little scope for adjustment ofdepth 6. Perfect adjustments can be made for depth
of furrow and no scope for wi just- and width of the furrow. '
ment.
7. Requires more drought. % 7. Requires less drought.

5.5.4. Other Types of Ploughs

These are some special purpose ploughs. They are (i) Disc plough (ii) Turn-wrest plough
(iii) Sub-soil plough (iv) Ridge plough.

Disc Plough: It cuts, turns and in some cases breaks furrow slices by means. of separately
mounted large steel discs. The nsual size-of the disc is 60 cm with 7.5 to 12.5 cm concavity,
furning a 25 to 30 cm furrow slice. A disc plough is designed with a view to reduce friction by
making a rolling plough bottom instead of a sliding plough bottom. More area can be covered
with the available power, than with a mould board plough.

Turnwrest or Reversible or One-Way Plough: In this plough, the mould board and the
share can be reversed either to the left or to the right side of the beam. This adjustment saves
the trouble of turning the plough in hilly tracts, yet facilitates inversion of the furrow slice to
one side only. '

Sub-Soil Plough: This plough is designed to loosen the sub-soil without inversion. Sub-soiling
is probably the most effective method of breaking up compacted of cemented fayers for improving
root penetration, aeration, and water penetration, To be effective, it must be done in dry soil.

Ridge Plough: This plough has two mould boards with a common share. The ridge plough is
used to form ridges and furrows, and for earthing up of crops.



Seed Drill or Gorru: In black soils, where deep ploughing is not required regularly, the seed
drill is used for preparatory cultivation. This is used for breaking of clods. Mostly thrce or six
tired drills are used. This covers 0.8 to 1.0 hectare in a single day.

5.6. SECONDARY TILLAGE"OPERATXONS

Harrows are used after ploughing to break the clods, pulverise the so;l control the weeds
ete. Tt compacts the subsoil and leaves the surface soil loose and-friable, In addition to these,
harrows are nvsed for covermg seeds aftcr sowmg, inter cultivatlon in linesown crops harvestmg
of groundnut etc, : =

5.6.1. :Types of Harrows

Disc harrow: The bullock drawn, disc harrow consists of two sets of discs mounted 15 cm a
part on two axles and revolve together with axles. The discs cut through the soil and effectively
pulverise the clods Tractor drawn disc harrows are also cornmonty used (Fig. 5.3).

Fig.5 3. Disc ﬁarro;w (Animal drawn). 1. Seat. 2. Adjosting lever. 3. Bcam4 Dise. ..
Blade harrows f Guntakas) These blade barrows foosen the surface soil leaving it in the
original ptace. In certain areas, instead of preparing the fand by ploughmg, harrows are worked,

Fig.5.4. Blade harrow. 1. Handle. 2. Beam. 3. Cutting edge.
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but to shallow d'epths only. The gunitaka, generally, consists of an Octagonal wooden body to
which iron blades of varying lengths are fixed through two shaft poles and a handie. Pedda
guntaka. Bara guntaka, and guntaka are comimonly used for preparatory cultivation (Fig. 5.4).

Ba.raguntaka is a light harrow, compared to the peddaguntaka, with a longer blade of 1.5
mt. It is used for soil pulverisation, periodical surface mulching, and weeding etc.

Cultivator: This consists of a namber of tynes attached to a frame. The cultivator stirs
the soils without inversion and breaks the clods. Destruction of weeds is the primary function
of .a cultivator. This implement is also used for inter-cultivation, The tynes on the frame can
be adjustable to facilitate working between crop rows of varying widths adjustable to facilitate
working between crop rows of varying widths (Fig. 5.5).

Fig.5.5. EE o%wn cultivator (Rigid type). L.

Hitch poi Main frame, 3. Tyne. 4. Shovel.

5.6.2. Levellers

Buck scraper or Earth Scoop is a bullock-drawn implement for levelling of fields, by movement
of the soil over short distances. The soil should be ploughed and loosened, before working the
buck scraper. By slightly raising the handles, the bowl penetrates into the soil and gathers soil.
To dump the collected soil, at the lower level, the implemeni handles are raised and thrown
forward. About one cubic metre of soil may be moved per hour over a distance of 33 metres
with a bowl capacity of (.05 cubic metres. The implement consists of a steel bow! or bodv with
two handles fitted into two sockets and a drawbar hinged to the bowl.

Wooden planks are the commeon implements that are used for levelling., These planks may be
of round wooden beams of 5 to 15 em thickness and 2 to 3 metres in length, These implements
are passed across the field to level it, and also to cover the seeds after sowing.

In wet lands after puddling. Jumbu (tooth gorru) is used for levelling.

Brush harrow consists of a heavy branch of a tree over which stones or logs of wood are
placed. The branch is tied to the yoke with a rope and is drawn across the fieid. This is used to
lightly compact the soil and to cover the seeds after sowing.

5.7. OTHER IMPLEMENTS USED IN PREPARATORY CULTIVATION

Bund Former: This is used to form bunds for, irrigation and conserve soil moisture. The
implement which consists of 4 pair of iron mould boards fixed in opposite directions facing
each other, with the front end opening outwards and the rear paortion closing into effects the
formation of bunds (Fig. 5.6),
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Fig. 5.6. Bund former. 1. Handle. 2. Beam. orming board.

Wet Land Puddler: This consists of 3 or 4 a l.';?‘giadcd cast iron hubs mounted on a
horizontal pipe, rotates when drawn by a pair of bullo€ks. The puddler churns the soil thoroughly
in saturated to submerged condition, for achi the impervious layer to reduce the water
percolation losses. This is used in puddling for wet land rice (Fig. 5.7).

Fig. 5.7. Puddier. 1. Seat. 2. Paddic. 3, Beam. 4. Brace. 5. Axle.

Green Manure Trampler: This is a light implement for effectively incorporating the green
manures into a puddle. The implement consists of four 25 cm diameter steel discs with stecl
horizontal blades interposed between them for efficient trampling. In a day, 1 to Zhectares can
be covered.
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Check Your Progress - 8
What is the use of Bund former?
Note: (a) Write your answer in the space given below.

(b) compare your answer with the one given at the and,

..................................................................................
...................................................................................
..................................................................................
..................................................................................
T I T

....................................................................................

5.8. HAND OPERATED IMPLEMENTS FOR INTERCULTIVATION.

Hand Hoes: The hand hoes are the tools used in intercuitivation of crops by human labour
(Fig. 5.8). These are bladed tools with wooden handles and are of different shapes and sizes.
Some of them have prongs instead of blades, These tools are (i) Rush type (ii) Pull type (i)
Chisel type (iv) Hand rakes. . :

Fig. 5.8, Wheel hand hoe.

Japanese Rotary Weeder: This is a hand operated implement for intercultivation. It consists
of two rotary pronged roller fixed on a frame to whith a float is attached in the front, and a
handle at the back. The float prevents the weeder from getting struck in mud. The prongs or
teeth on the roller point towards the handie for better work. The implement worked by two
persons can cover (.1 to 0.2 ha in eight hours (Fig. 5.9). '



Fig. 5.9, Paddy weeder. 1. Handle. 2. Weeding roll. 3. Float.

‘Star Weeder: Tt is operated by a single man. it is useful %intcrcultivation in row crops for
weeding and mulching the top soil in between the crop rpws M consists of two sets of serrated
discs of 15 cm diameter mounted on two axles. The fron& comprises of four star shaped discs

" and the rear set of three discs. They are mounted ong<U’ frame. A small cutting blade and a
handle are fixed to the frame. It covers about 2%;( s per day. The star shaped discs loosen
the soil and the cutting blade cuts top soit a%w ds to about 2-3 cm depth. It saves about
50% \abour when compared to-hand weeding.

Check Your Progress - 4
List out the hand operated intércultivation implements?
Note: (a) Write your answer in the space given below.

(b} Compare your answer with the one given at the end.

..................................................................................

.....................................................................................

..................................................................................

5.9. IBULLOCK DRAWN INTERCULTIVATION IMPLEMENTS

Danti: This is smallest blade harrow and is best suited for intercultivation in between the
rows of closely drilled crops. The blade is about 15 cm long. Three to five danties can be worked
at a time, by hitching or *ing them to yoke. :
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.M., Guntaka (Hilsen and Munre Guntaks Ms. ©¥): This i3 the smallest implement in
place of the Danti. This consists of curved arm 6 one end of which the frame is permanently
attached, the other end of the curved arm caries the blade. The depth of penetration can be
adiusted. '

1a Guntaka: Three to six smalf blades [ike that of dangi are Sxed 1o 2 leng wooden body,
iy infendes er tivee to six inter 10ws requiring only one person 1o handle the implement,
it case of Danties, each danti needs one person to handle,

.-,\;

Pratti Guntakas It is intended for widely spaced crops tike cotton. The blade is about 30.cm
in length suitable for widely spaced corps.

Hode Guutska: it is mainiy intended to fort channels across the si 0pe te prevent soil erosion,
Tt is also used in place of praiti guniaka. :

Rekkalas Guntaka: This covers two wide infer rows at a time, It consists of two blades attached
ta the Bieam. Each blade is of the size of 30 cm iong.

Meesala Guntaka: This consists of two Mades. It is intendes only for surface stirring,

5.10. TILTH

Tilth is the physical (Loose, roughly powddyy, granilar and crumbly} eondition of the soil
stiitzble for the production of corps. ‘

This condition facilitates {i) better germination and crop growth (i) free movement of
air and moisture in the seil (i) ra@n Hitration of water and (iv) holding maximum amount of
available water,

The comeept of 1ith varies%i the type of crop to be grown. Smail seeded crops like ragi,
onion, lucerne ete., require a fine seed bed. Certain, other crops like sorghum, bengal grams etc
come up well even 1t the seed bed is not thoroughly prepaied.

511, SUMMARY

i'he purpose of tillage eperations witk: different impiements is to prepare suitable seed bed, to
remove weeds and improve the physical conditions of soil for growing of crops. Tillage practices
desired for specific objectives are only ussential. Extra tillage eperations may not be very useful.
Soit and frizble surface soil is necessary for good germination and secdling emergence. Proper
timing of tillage operations with soitabje miplements will kill the weeds successfully. Adequate
pore space beips In Increased storage of water, und in release of plant nutrients by increasing the
decoraposition of organic matter, Deep ploughing is not essential every year, The aim of primary
rilfage operations is to break open and/or invert the soit mass. Proughs dre most commonly used
implements for primary tillage. The courntry plougi only stirs the soil but there i no inversion.
L

pioighed {and is Jeft between furrows. T is a mutitpurpose implement and cen be operated
undar varylag conditiens of soil moisture. The aim of secondary tiinge operations is to break the
soit clods, pulverise the soil, level and compact the soil, Harrows are the most commeoenly used
vaplements for secondary tillage. Intercuitivation is carried out in the field after the emergence
of crop plants, mainly for weed contrel. Tt also helps in breaking seif cncrustation and improving

-the soil aeration. Smaii blade harrows are used for intercuitivation.
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5.12. CHECK YOUR FROGRESE : MOUDEL ANSWERS

1. The objectives of tillage are: {a} Seced bed pre Weet control, {c} Improvement

of soil structure, {d) Soif acration, {e} Soi a*r}mg, s\f? Peai s.:umu:;i, {g} Root penetration, (h)

Incorporation of Crop residues and crpanic maniires.

2. The important parts of the indigenous plough are {3} weoden hody, (b) iron share, (c)
Wooden shaft pole and () Waooden handiz,

3. Bund former is used for the formation of bunds for the irrigation and moisture conservation
4, Thehand operated intercuitivation implements are {a) tund hoes, (b} Japanese rotary weeder

and (c) star weader,

5.13, MODEL EXAMINATION QUERTIGNY

L Answer the fsllowing questions in about 38 lines sach.
1. Discuss, in detail the ghisctives of varicus tillage aperations?

2. What is primary iillage? Dssoribe the various gwis of Mouold ¥ .,}’}dl"u plough and label
the parts by drawing a neat diagram.

%]

What is secondary tillage? Write abouri the fifferent types of harrows used for secondary

ililage operations?
4. What is Infercuitivation operation? Write brisfiy \QI the various bullock drawn
implements used for intercultivation. {i)

5. Discuss the different concepts of tillage? 2

II. Answer the foliowing guesticns in ab@ 10 Hnes esch.

1. Define tilth. Mention the useiulness of good tith,

2. Define tiilage, Write briefly about the histery of tilisge deveiopment.
3. escribe the country or indigenous ploush with ihe help of neatly drawn diagram.
4. Compare the working of country o7 indigenous slongh and mould board plough,

5. Describe the biuck scraper. and alse give e nsefulnass of this implement.

6. Describe briefly the blade harraw wivh the hele of 4 neat dlagram.
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UNIT - 6 : WEEDS AND WEED CONTROL

Coni_:ents

6.1. - Objectives
6.2. Introduciton )
6.3. Factors Affecting Competitive Ability of Weeds
6.3.1. Enormous Seed Produciton
6.3.2. Vegatative Reproduciton
6.3.3. Seed Dormancy and Longevity
" 6.3.4. Seed Dispersal
. 63.5.  Adoptability
6.4. Classification of Weeds
64.1. Based on Life Span
6.4.2. Based on Angispermous Groups
6.43. Based on Special Features
- 6.5. Weed Control Methods
6.5.1. Mechanical Methods
6.5.2. Cropping and Competitive Methods
6.5.3. Biological Methods
6.5.4 Chemical Methods
6.6. Summary
6.7. Check Your Progress : Model Answers
6.8. Model Examinaiton Quesitons

6.1. OBJECTIVES O

By the end of this unit you will be able g}

1. define weeds and describe th%igss factors that affect the competitive ability of weeds,

2. classify the weeds basing their life span, angrospermous groups, occurrence, ecological
affimities, soil type, origin special features,

3. describe the vaious control methods such as Mechanical, cropping and competition, biological
and chemical.

6.2. INTRODUCTION

Farm activities are designed to favour certain plants and animals that provide us food and
fibre. But the same activities may also provide good growing conditions for other plants and
animals that harm them. These living things that compete with us for food and fibre or attack
us directly are called pests.

-Pests can be put into Four main groups, namely L (1) insects {plus mites, ticks and spiders),
snails and slugs, (2) vertebrates (birds, rodents, etc.), (3) weeds, and (4) plant disease agents.
This chapter will deal only with weeds.

Definitions (Concept) of Weed

- any plant’ or vegetation, excluding fungi, interfering with the objectives, or requirements of
people. .

- plant growing where it is not desired (wheat in maize field).

- plant cut of place.

- plant whose economic valvue has not been discovered.

- plan_t that is extremely noxius, useless, unwanted, or poisonous.



b

8.3.1.Enormous Seed Production : g‘?»

The meaning of the term ‘Weed’ depends on human attitude, It differs from one person to
another, from a farmer to an enginer. : '

Losses Caused by Weeds are: (a) Competjtibn and yield reductions. (b) Added protection
costs from other pests. (c) Increased costs of labour and equipments. (d) Poor quality of
products. (e) Increased water management problems. (f) Affect human health. (g) Lower lanc
value. ' o

Though losses due to weeds are there, still weeds can also be put to use . The uses are:
(1) As forage, e.g, Chicory. (2) As green manure e.g, Croton sparsifiorus. (3) For paper and
fibre pulp e.g., Aquatic weeds. (4) A source of proteins e.g., Chlorella pyrenoides. (5} In crop
breeding e.g., Saccharum spontareum. (6) For flavour and medicine €.g., Cyperus rotundus,

- Achyranthus aspera. (7) For thatching and ropes e.g., Saccharum spontaneum. {8) Air pollution

indicators. e.g., wild mustard (NO,) Chick weed (80,) (9) As vegetables e.g., Chenopodium
album. Digeria arvensis (10) Weeds some times form canopy over the surface and protect the
soil from wind and water erosion. (11) To reclaim alkali soil e.g., Argemone mexieana. (12) For
beautification (with flowers) e.g., Chenopodium album, Amaranthus viridis. (13.) Pot herbs,
pot herb sand greens and greens. (14) In irrigation as indicators of soil moisutre status. (15.)
Means for evaluations of air pollution damage.

6.3. FAC/TORS AFFECTING COMPETiTlVE‘ABILITY OF WEEDS

For formulating effective weed control measures, it is impbrtaﬁt_ to know about the survival
mechanism of weeds that enables them to flourish. The establishment and distribution of weeds

.depend on their characteristics, cultural operations followed §nd the agroclimatic conditions.

The mechanisms which enable the weeds to survive are give ow:

Most of weed species produce a large numbch‘viable seeds. With the result even if a few
weeds are left in the field, they produce cnoug@d for infesting the area in the coming season.

8:3.2. Vegetative Reproduction

In addition to the reproduction by seeds, perennial weeds like Cyperus rotundus, Cynodon
dactylon, Eichornia crassipes etc. also multiply by various vegetative means, such as nuts,
rhizomes, bulbs, stolons, roots and stems. Reproduction by vegetative means enable them to
survice under adverse conditions. These weeds are not controlled by ordinary cultural operations.

6.3.3. Seed Dormancy and Lohgevity

Seeds of most of the weed species exhibit one or other type of dormancy. Dormancy enables
the seeds to survive in the soil for a certain period as they germinate only under favourable
conditions. Some of the weed species produce dormant seeds, while, in others, seeds- attain
dormancy. :

Unlike the seeds of the crop plants, weed seeds r_émain viable for a tong time and ge'rminatc
when they get favourable conditions. Lotus seeds foundina lake in Manchuria were approximately
1000 years old and still viable, ' : :

To determine the longevity of seed, certain experiments éonducted, have revealed that out
of 107 species placed in porous clay pots and buried 8, 22 and 42 inches deep in the soil, it was
found that, : :

(a) after 1 year seeds of 71 species germinated,

(b) after 6 years seeds of 68 species germinated,
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{c} after 10 vears seeds of 57 species germinated,
(d}y after 30 years seeds of 44 species germinated and,

(e} after 38 years seeds of 36 species germinated.

8.3.4. Seed Dispersal

Weeds spread from place to place by means of water, wind, man and animals. Seeds of
vairous weed species have one or the other special feature for dissemination. Some are equipped
with parachute like structure which makes the seed float in the wind. Some seeds have a special
structure to help hem float on water and some are caried in moving water or the bottom of
a river. To a long distance, weed seeds are carried inadvertantly along with grain and other
materials. Seeds of weeds like ceck leber cling to animal hair, or clothing and are carried to
other places.

Often new weeds are introduced to the farm with contaminated crop seeds.

6.3.5. Adoptability

Weed plants have a remarkable ability to adopot to the disturbed environment. They can
also thrive under adverse conditions due to their morophologica! and physiclogical characteristics.

Some of the weed plants have an unpleasant, bad smell. They may also have spmes and stiff
hairs which protect them from damage by the animals.

The other characteristics which enable the weeds to survive and compete effectwely with the
crop plants are: 0 -

(a) Properly synchronized germinati@vith crop plants.
{b) Rapid establishment and gro&h’of seedlings.

{c} compatible growth habjt ife history with crop.

(d) Tolerance to shading ﬁcts by the crop at the time of establishment.
{e) Ouick respohse to available soil moisture and nutrients.

) Adaptation to the most severe climatic situations of the habitat.

{g) Relative immunity to post-seeding soif-disturbance practices.

(h) Resistance to herbicides that are in use.

The competive ability of crop plants is determined by: (a) variety (b) tiliage practices, ()
soil-water relations, (d) soil fertility, (e) soil pH, (f) date of planting and rate of seeding, (g)
crop rotation, ¢h) time of seeding in relation to moisture, temperature, and cultivation.

Check Your Progress - 1
What are the various ways of vegetative reprodﬁction in weeds?
Note: (a) Write your answer in the space given below.

b} Compare your answer with the one given at the end.
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6.4, CLASSIFICATION OF WEEDS

The classification of weeds is as difficuit as defining them. The period of life, or life span, is
very often taken as the basis for classification. As per the life-span, the weeds are classified into
three categories L.e., (1) Annuals (2) Biennials and (3) Perenniais.

8.4.1. Based on Life-Span

1. Annuals: These are small herbs with shallow roots and weak stems and propagated
by seed, which is produced in abundance. After sceding, the annuals die away and the sceds
germinate in the next season. Examples are drgemone mexicana, Cleome viscosa, portulacce
oleracea, Sida glutinosa, Xanthinm strumariuvm. Lagasca moliis, Eclipta alba.

2. Biennials: Bicnnial weeds are fess in nmber. They generatly flower and seed in tne sec-
ond season and then die. Some of them may flower in the first season itself (Alternanthera
echinata). They live for more than one year but not more than two years. Exampies are Glden-
Jandia umbellata, Ipomeea veptans, Merremia emarginata, Achyranthus aspera, Alternanthera
echinata. : .

3. Perennisls: These are two types: (a) Herbs and shrubs: These are well adapted to
withstand adverse conditons. These speciesare propagated by seed and also by underground stems,
root siickers ete. The food stored in the underground parts helps to putforth fresh shoots whernever
conditons are favourable. Examples are Cyperus rotundus, Convolvelus arvensis, Aristolochia
eristata, Abutilon indicum, Celosia polygenoides, Indigofeng dpneaphyila, Tephrosia purpurea,
Desmodium triflorum, Lantana, Lippia nodifiora. (b) VWowdy plants: The plants will be usually
competing with the inore desirable grasses in grazing la and pasture. This type of plants is
common in western U.S.,, Argetina. Australia, Hawad8tc. These woody plants are frequentiy
members of the native flora of the grazing lands kac peripheries of the grazing land. Example
4Te prosopis spp., LAMAarix spp.

6.4.2. Based on Angiospermous Groups

Weeds are aiso ciassified in accordance with the two greal angiospermous groups. 1.e.,
Monocotyledonous (Narrow leaved) and Dicotyledonous weeds (Broad leaved).

1. Narrow-leaved weads: This term refers to the members of ‘grass weeds” which inctudes the
members of ‘Graminea’, ‘Cyperaceae’ and ‘Juncaceae’. This may also include monocotyledonous
- plants, These plants are usualiy low growing and anemophilous. The apical meristem is protected
by the sheathing leaf bases, which act as an effective barrier in herbicidal conirol measures.
Annual forms are abundant but they are not as troublesome as the perennial grasses.

Examples for Perennials- Agropyran repens, Sorghum halepens, Cynodan spp, Iroperta cylin-
drica, Saccharim spontaneum, Panicumn repens. Annuals-FEchinochloa colonum, Panicnm spp.,
Setaria palidifusca, Arundinella mesophyila, Dactylocteniam acgyptium, Digitaria spp, Avena
faina, Cyperus deformais, Cyperus ratundus, Cyperts hullosus, Fimbristylis.

2. Board leaved weeds: These are the members of the dicotyledonous group.

Anrnuals: These are guick growers and complete their life-cycle within a single season. They
produce large guantities of secds in a very short period. Examples are Amaranthus viridis,
Euphorbia hirta, phylanthus madraspatensis, Celosia argeata.

Diennials: Require two years from germination to flower and sced production. Tn the first
vear the seedling develops with a stivdy root syster. Examples are planiogo spp., Alternanthera

veltinata, Acanthospermum hispidin.
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Perennials: These plants renew growth year after year from the same root system. Most plants
of this group are found in non- cultivated areas or accasionally on cuitivated lands (road sides,
pastures, waste land etc.) Propagation is by seeds and also by vegetative means. The root
or stem portion will be cut and disseminated by modern agricultural implements. Examples
are Convolvulus arvensis, Cirsium arvense, Abutilon indicum, Tephrosia spp. Lantana spp.
Phaseolus trilobus, Celosia polygonoides, Digera arvensis, Aristolochia bracteata. .

Check Your Progress - 2
What are Biennicls? Give two examples?
Note: (a) Write your answer in the space given below.

{b) Compare your answer with the one given at the end.

..................................................................................

....................................................................................

...................................................................................

....................................................................................

6.4.3. Based on Special Features

The weeds are classified into 1. Poisonous 2. Parasitic ang 5. Aquatic.

1. Poisonous Weeds: These plants are 'resbgsib[e for the death of cattle every year to some
extent, besides, causing harm to childre s these plants grow along with fodder or grasses,
they will be cut and fed to cattle uni tionally. Even if these plants are eaten by cattle in
small quantities the animais becorﬁ_&f k and unfit for work. The yield of milch cattle wiil be
reduced. These weeds may als%a e abortion in caftle. Children are also poisoned by eating
the fruits,

(a) Datura fastuosa: The species of Datura are poisonous to both man and animals. All parts
of the plant are-toxic but the seeds are more toxic. The alkoloids, atropine and hyoscyamine
have poisonous effects.

(b} Soalanum nigrum: The fruits may cause harm to children rarely.
(c) Withamniya somnifera: The seeds contain an alkaloid called somniferine which is poisonous.

(d) Lochnera pusilla: This is poisonous to cattle,

2. Parasitic “Veeds: Parasitic weeds are degenerating species and many of them are devoid
of green matter of leaves. They have efficient means of propagation and seed dispersal. The
seeds will remain viable-for a number of years. These weeds are distributed in about 10 families,
out of which, 6 families contain more troublesome weeds. So far about 2,500 species of parasitic
seed plants are recognised. Physiclogically these are divided into two groups (1) Autotrophic
(Orobanche) and (2) Heterotrophic (Cuscuta). Autotrophic groups can have independent growth
upto some extent. Lxamples are Loranthus spp; whereas heterotrophic are complete parasites
depending for nutrients and, water from the host plant eg., Cascutta. Parasitic weeds are also
classified as (1) Stem parasites and (2) Root parasites.

The stem parasites are;

-(a) Cuscuta campestris (dodder weed):This parasitises the weeds and small annual and perennial
herbs.
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(b) Cassytha filiformis: This contains more chlorophyll than cuscuta, leaves are reducea 1o scales
and attacks orange trees.

(¢} Loranthis spp: This occurs on various deciduous trees. These are semiparasites, depending
-on the host for nutrients and water oniy. ThlS also attacks rose wood, sandalwood teak,
babul etc.

(d) Viscum spp: These are also parasitic on various cultivated plants such as Pomegranate,
Pongamia and Albizzia. This establishes connections with the host at one place unlike
Loranthus. ‘

The root para51tes are:
(a) Orobanche ssp: This occurs in tropical and sub-tropical areas.

(b) Striga asiatica: Root parasite on sorghum and also sugarcane.

'3. Pond Weeds or Aquatic Weeds: These plants grow in tanks and ponds and have common -
characters, eventhough they belong to various families. This is because of the environment. The
plants are adapted to thrive under aquafic conditions. The franspiration mechanism is absent
and the water conducting tissues and root system are poorly devetoped. They have special tissues
for storage of air, commoniy propagated by vegetative means.

The damage done by these weeds to crops is considerably less when compared to the damage
caused by weeds of aerable lands. But these weeds may cause considerable inconvenience (1)
Drainage and irrigation channels may be blocked, (2) Lifting of water may be difficult, (3) Drinking
water may be poliuted with decaying material of weeds (4) Flshmg may be difficult. The examplés
for this type of weeds are Nymphaea stellata, Typha spp, Pislia stratiotes, Nelumbo nucifera,
Marsilea minuta, Ipomoea aquatica, Potamogeton pectinatusy/Hydrilla verticillata, Fichornia
crassipes, Salvinia auriculata, ?\l@

Check Your Progress -3 : Q"
Give two examples each for poisonous and parasific weeds
Note: (a) Write your answer in the space given below.

(b) Compare your answet with the one given at the end.

..................................................................................
...................................................................................
.....................................................................................
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....................................................................................

6.5. WEED CONTROL METHODS

Thé comrhon saying ‘An ounce of prevention is worth a pound of cure’ is also true of weed
control. As such prevention of the entry of weeds into a country of individual fields witl be the
first step in weed control. The following are the common prevent:ve methods of weed control.

1. Use of clean sced.

2. Do not feed cattle anything having viable weed seeds,
3. Manure having viable weed secds should not be used.
4

The cattle should not be permitted to move directly from weed infested fields to clean areas.
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5. Clean the implements such asharvesters, cleaners, tractor wheels ete. before taking them to
other areas from weed infested fields. -

6. Avoid use of gravel, sand, soil etc. from weed infested areas.

7. Clean the nurseries and keep them free from weeds.

8. Banks of irrigation and drainage ditches must be kept free from weeds.

9. Keep corners of fields, fence lines, road sides, rail roads etc. free of weeds,
10. Prevent the production of wind-borne seeds in any area.

The weed control methods may be grouped as follows: (1) Mechanical Method (2} Cropping
and competition method, (3) Biological Method and (4) Chemical Method.

' 6.5.1.Mechanical Methods

Hand Pulling: This method can be used to control annuals and biennials which do not have
underground parts for propagation. If adapted in perennials this has to be repeated. This is best
done when the soils have sufficient moisture.

Hand hoeing: This is generally used in gardéns, fields, lawns etc. Even perennial weeds such
as bind weed can be controlled by hand hoeing,

Tillage : This is useful in contrelling annuals, biennials, and perennials. Tillage reduces the
weed seed population of the soil. This prevents the weed seedlings from producing seeds and
also encourages the germination of weed seeds which will be destroyed later. Deep ploughing
helps to bury the weed seeds, Q ‘

Mowing: This helps to prevent the &e eed production. This may also weaken the food

reserves of perennials.

Heat : Heat kills living cells %?ﬁe coagulation of protoplasm and inactivating enzymes.
[he thermal death point for mosMpTant cells lies between 45° and 55°C (113 to 131°F).

Smothering with non-living/material: The weeds may be controlled by muiches such as soil,
manure, paper, plastic film, rice hulls etc. This exciudes light and hence prevents top growth,
This is a contmon practice in the pine-apple plantations of Hawaii. The mulches will also help
(1) to conserve moisture (2) to maintain a higher temperature and (3) rapid and early growth.

Black sheet plastic materials are better for this purpose which control weeds well and are
“also economical.

6.5.2. Cropping and Competition

Continuous cropping with smali cereals invariably results in an increase in the annual weed
population. Confinucus cropping with the same crop encourages pests and diseases. The .
areas where crop plants were damaged by insects etc. will be invaded by weeds, Weeds also
can be controlled by raising smothering crops such as, millets, sudan grass, buck wheat, sweet
clover, rape, barley, sorghum, alfalfa, cowpea, clovers, hemp etc. A combination of tiltage and
competitive crops gives encouraging results,

The crop rotations and fallowing reduces the weed growth than taking the same crop,

6.5.3. Biological Control of Weeds
1t employs natural enemies of weeds such as insects, plant pathogens and animals.
1. Basic Principles:

- basic objective is not eradication but reduction of weeds density to non-economic levels,
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- biological control is never the sclution to every weed problem, since there are no effective
agents for every probiem.

- introduced weeds are the best targess of biological control programmes.

- unspecialised feeders are not used in biclogical control because of the danger that they
attack closely related plants, :

2. Requirements and qualities of a predator/parasite/pathogen for biological control

- specificity - the organism must feed on or affect only one host {the weed species) even
if it starves to death when this species is unavailabie,

- free of enemies - must be free of its own predators and parasites and be resistant to
those found in the new areas. o

- adaptability - must be adapted to the climate/environmental conditions over a maximum
part of the terrain infested by the weed,

- Aggressiveness - must be capable of seeking out the host in iis environment, dispersing
successfully to tocate the host plant,

- effectiveness - must be able to kill the weed or ai least prevent its reproduction in a
direct or indirect way.

- reproductivity - must have a reproductive capacity sufficient to overtake the increase
of its host species without toc much delay. when for any reason controi iz temporarily
halted, as by occurrence of unfavourable weather conditions.

3. Procedures involved in introducing a biological controlagent.

- foreign exploration - search for the control agin foreign countries, usually, where
the weed species came from. .

- test on host specificity - determine the n nge and select only those that are specific
to one host. ' '

- shipment and handling of biological agent thiough quarantine-any biological agent must
be carefully sorted out and examined in quaraniine to make sure it is free of its predators
and parasites, eic.

« local test -~ must evaluate the culture and muitipication technigues, and then its effec-
tiveness against the host on 4 small and then on a larger scale.

- release of the agent, followed by further evaluation of results.

Specific Weeds and Bialogical Control

In Australia the Lantana sp. was controlied with two beeties, namely Qctotoma scabﬁpennis
and Uroplata girardi. In addition Lantana bug (Teleonermia scrupulosal was found effective in
controlling this weed.

Prickly pear weed (Opuntia spp) was controlled by Cactoblasiis cactorum (moth borer) in
Australia,

Opuntia diilenii was controlied by Dactylopius tornentosus cochnesl scale insect in India,
St. Johnswert weed (Hypercuum perforatum) was controlled by Crysolina quadrigsmina in
US.A. (leaf eating beetles). Alligator weed (Alternanthera philo-xerovides) an aguantic weed
was controlled by Agasicles hygrophyla flea beetiess ).

Certain fresh water carp fish consume large guantities of aguatic weeds as their food eg.,
Commeon carp (Cyprinus capio} and chinese grass carp eat weeds more than its body weight and
grow at a rate 5 kg/year and can attain a body weight of 50 ka.
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Marisa sp. and other fresh water snails feed on submerged aquatic weeds - e.g., Coontail
elodea and certain algae,

A spider mite (Tetrancchus sp.) is found to be useful in controlling the prickly pear.

Certain fungi also control weeds. Acacia glauca weed is controlled by Cephalosporium
sp.and Cliandrilla juncia weed is controlled by Puceinia chondrillina. :

6.54. Chemical Methods (Herbicides)

Herbicides are a relatively new tool in man’s effort to control weeds. Their use has increased
rapidly since 1944 when 2,4-D was first used as a herbicide. Since that time the area treated
with chemical has increased dramatically. '

Research during the past 3 decades has increased our knowledge about weeds and their
control. At the same time, many new chemicals have become available for use in weed control.
At present, there are few weed problems in which chemicals cannot help and the feasibility
of their use is dependent upon the cost- benefit ratio. In mar ' instances herbicides offer the
most practical, effective and economical means of reducing weed competition, croplosses and
production costs. Throughout Asia, however, chemicals have had difficulty in gaining acceptance
probably because of the high cost-off herbicides, the supposed availability of cheap labour and
problems associated with herbicide application. The following are some of the advantages of
herbicide usage. '

Advantage of Herbicides

1. Can be applied in any season. )
~ Control at early stage. Q
Kill all weeds - mimicry wild oat @Jhea.*,' barn yard grass in Rice.
Effective in row spacing as wel?s broad-cast. ’
Control lasts for a longer .
Convenient to use on @ weeds.
Safe on erodoble land where tillage may accelerate soil and water erosion.

Kills the weeds in situ with-out helping dissemination of seeds. Physical methods on the
aother hand fragment the weeds and drag them to new sites.

9. Can be sprayed easily, and reach the weeds grawing in obstructed sjtuations.
10. Lower cost of production of crops. '
11. Greater yield per unit area.
12.  Few labour problems.
13.  Greater possibility of farm mechanization.
14.  Easy crop harvesting.
15. Lower cost of processing of Farm produce.
16. Lesser health problems, due to allergies caused by weeds.
17. Less crop failure due to drought.

PN LN

Limitation of Herbicide Use

1. There is no automatic signal to slop a farmer who may be applying the chemical
inaccurately till he sees the result in crop sprayed, or the crap that foliows in roiation.

2. Correct dosage may inte.act with environment to produce vnintended resoalts-Tiris.
wash off, run off.

3. Depending upon diversity in furming, a variety of herbicides must be stocked on e Lo
to control weeds: whereas in physical, one or two mplements e enough,
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4. Requires considerable skill on the part of the user in the identification of weeds and

crop, proper dosage and time etc,

5. Selection or replacement of crop must be based on its tolerance to herbicides present in

the soil.

6. Herbicides research and development requires very extenswe testlng whlch require large

expenditure,

7. Herbicides have been mrsused in chemical warfare for destroymg enemy crop.

Classification of Herbicides

1 Classification according to the type of formulation with éxamples.

A Liquids.

1. ‘Water soluble chemicals - solution concentrate.

acerolein
amitrol-T
dicamba
dinoseb
diguat
DSMA
fenac

MSMA

paraquat .

picloram

sulphuric acid

2,3,6. TBA

2,4-D and 24,5-T
water soluble amines. :

2. Non-water soluble chemmals-cmulsnfiable formulations.

alachlor
barban
benefin
bromoxynil
butylate
CDEC .
Chlorpropham
diallate

erbon
.molinate

B. Dry Sclids

nitrofen -
pebulate 0
propaa%r
pr

uralm
24-D 2,45-T :
loit sol. amlnes, ac1ds, esters

vernolate.

g

1. Water-sotubte chemlcals - soluble powder formulations '

amitrole (various) -

AMS
borates

- copper-sulphate
dalapon

endothall, Na, K salts

sodium chlorate

TCA (Sodium TCA mhxblted)
grass KILLER

2, 4-D (sodmm salt)

2. Non-water soluble chermcals wettable powder or Ilqmd supensnon formulations.

Wettable Powder
atrazine.

benefin

bromacil
diphenamide
diuron

fenuron
fluometuron

hnuron

~ chloroxuron:

cynazine
nitrofen
prometryne
propazine
pyrazon.
siduron
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Deiailed Classification with ,E_J_m_rnples

-metrobromuron,

metribuzin
mMOnNuron
nitratin
Granular
alachlor
atrazine

. CDAA

chloramben

" ¢hiorproham

Dacthal

. diallate

EPTC (EPTAM)

A. Selective Hexbicides

1. Foliage applied herbicides.

{2) Cont_aét type

Bromoxyriil
dinoseb
diguat
endothall

. (b) Translocated type

barban
dalapon
dicamba

~ dichlorprop.

© . paraquat

MCPA

O

2. Soil-applied herbicides

atachlor
afrazing
benefin
bersulide
bromacil
CDAA
CDEC
chicramben
cyanizine
cycloate
cyprazine
DCPA
dichliobenil

dinoseb

diphenamic

diuron
endothail

fluometuron

linuron,
* molinate
monuron

‘napthalam

nitralin
" nitrofen
norea
bepulate

protetryne

B. Monzelective herbicides.

1. Foliage-applied.
{a} Contact herbicides

AMS
cacodylic
actd

dinoseb
diguat

simazine
terhacil - -

terbutryn

karbutilate
molinate
picloram
propham
2.4-D

propanil
nitroten
sulphuric acid

2,4-D
2,4-DB

24.5-T

propachior
propham
pyrazone
scsone
siduron
simazine -
TCA
terbacil
terbutryn
trallate
trifluralin
vernolate,

paraquat
PCP
weed oil



(b) Translocated herbicides

amitrole DMSA silver
dalapon erbon 24D

dicamba MSMA 245-T

2. Soil-applied herbicides

{a) Sei! fumigants h -

ACarbon bisuifide methyl bromide
methem _ metyle bromide -+

cloropicrin '

b} Residual soﬂ. herbides

atrazine erbon picloram
borates fenac ' prometone
bromacin karbutilate simazine
dicamba monuron TCA
Chlorates linuron 2,3,6-TBA
diuron

¢} Aquatic applications
acrolein endothali
copper sulphate fenac 2,4-D
diguat

Practical Application Technique of Herbicides l']:

Modern chemical methods of weed control with herbjgid®s/0ffer the most practical, effeclii:_i\*"fﬁc,
and economical means of reducing wecd competfition, p losses and production costs, §n
the past, herbicides other than 2,4-D and MCPA; been regarded as too costly in many
countries. This situation has been changed due ¢ raduction of new formulation of herbicides.
Herbicides are presently available as granularmaterials ready for divect use, or as emulsifiable
concentrates (EC), wettable powders (WP} water soluble powders (WSP). However, to
use these inexpensive chemicals to eliminate weeds in rice or other crop effectively, one must
understand the foIIOng three general precautions.

1. Apply herbicides at the right time. The performance and seiective control of weeds
(without injuring the crop) of most herbicides depend upon their application at the correct
stage of growth of the weeds or the crop. For example, many herbicides are safe to apply to
transplanted rice, but anly a few will be suitable for direct seeded rice. Similarly, pre-eme rgence
herbicides, such as Eptam and Trifluralin/MCPA must be applied before or during germination
of weed sceds because they are less effective after the weed seedlings have emerged from the
soil. Post-emergence herbicides such as Propanil must be applied at the iater stages of weed
growth because they may injure the rice if applied too eariv.

2. Apply herbicides at the right rates,

3. Apply herbicides accurately because inadequate amounts give tinsatisfactory weed control
and excessive rates may injure the crop. :

Measure the exact amount of herbicide formulation and the area to be treated. Never rely
on mere estimates. 'When spraying herbicide, calibrate properly. This tikes a little effort and
time, but it is worthwhile in terms of satisfactory results, aconomy, and safety. Follow carefuily
the manufacturer’s instructions for each herbicide.

Read the label on each herbicide container to find out the coirect time and rate of application
and other directions of precautions to be observed.



6.6. SUMMARY

|
1
;

Definition of weed depends upon human attitude. A plant out of place is the best definition.
Weeds cause many losses viz.,reduction in yield, uptake of plant nutrients, harbour pests and

disease, reduces quality, weeds are also useful as indicator plants, for medicinal purpose and also
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to prevent erosion.

Weeds can be classified, based on several factors like life span, anglospermous group,
occurrence, ecological affmlty, soil type and on special features like parasitic, aquatic etc. The
best way of classifying them is on the basis of Arngiospermous group. Weeds must be controlled'
at the appropriate time by adopting effective and economical measures.

Broadly there are three control methods: 1. Physical 2. Biological and 3. Chemical. Physical
methods are better but non- availability of fabour and high cost makes this method prohibitive.
Biological method is not practical. Chemical method is the best and it has more advantages than
dlsadvantages

Herbicides-usage on large scale was started in 1944, Presently it is always advantageous
to use the herbicide for control of weeds in crops. Practical application technique indicates
errors commonly made while spraying the herbicides. Herbicide to be effective, the speed while
spraying, the pressure of the sprayer, and doses should be followed strictly, Callbratlon must be
made before taking actual spraying of herbicide,

67. CHECK'YOUR PROGRESS: M@EL_ANSWERS |

The weeds reprqduce vegetatlvely by m@s of nuts rhizomes, bulbs, stolons, roots and stems.

2. ‘The plants which live for two 32““ s are called Brenmels. The examples are OIdenIandza
~ umbellata and Ipomoea reptan

i Datura fastuosa and SoIan%mgrum are the examples for pnsonous weeds and Cuscata.
-carmpesiris and Orobanche sp are the examples for parasitic weeds (any other).. _

6.8. MODEL EXAMINATION QUESTIONS

I. Answer the followmg questmn in about 30 lines each.

1. Write the clasmﬁcanon of weeds based on several factors with two examples of weeds
under each. .

2. Write the dlfferent methods of weed control along with principlés involved in it

3. Give the classification of herbicides based on chemlca] nature with two examples under
each,

4, Writé the advantages and limitations of herbicide use.

II Answer the following questlon in about 10 lines each.

1.  Discuss the sxgmf icance of seed v1ab111ty, longevity and dormancy to weed management
- technique.

Wnte the d]fferent methods of weed control

Deﬁne weed and write the principles of weed control managcment



Write the priﬁciples involved in biological control of weeds with two outstanding examples
under this.

- Write the requirement and qualfties of predator/parasite/pathogens for biological control

of weed.

What is meant by cropping and competition. How are they effective in controlling the
weeds? :

List out the characters, which enable the weeds to survive and compete effectively with
the crop plants. '

What are the advantages of using herbicides over mechanical methods?

What are the three precautions that are to be understood before undertaking chemical
weed control?
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\. 7.1. OBJECTIVES A ‘?'v

?ﬁﬁ).the end of this unit you wil%\gl.e to:

familiarise yourself with the terminology used in cropping systems.

describe iniercropping and list out the advantages of it,

describe the multiple cropping in rain fed and irrigated areas and its effect on soil pronerties,
define relay cropping and explain its advantages and disadvantages,

define sequential cropping and list out some of the sequences in Andhra Pradesh,

A

describe crop rotation and explain the iimitations of monoculture,

~

describe the cropping patterns in the black and red soils of semiarid tropics of India.

7.2. INTRODUCTION

The food production has to be increased so as to keep pace with the demand of the ever
increasing population. There is little likelihood of extending the areas under cultivation. But
there is a possibility of raising two or more crops per year through multiple relay and intercropping
systems and the utilising of the available resources more efficiently than before.

Growing more than one crop in scquence or simultaneously as mixed crop is an ancient
practice. Indeed, the indiam Epics mention double cropping, In the early periods, the objective
of adopting such a cropping practice was to reduce the risk of total crop failure due to uncertain
monsoons &nd to have a variety of products for meeting the foed requirement of the farmer’s
family, feeding his animals and for meeting his financial requirements. Other benefits such as
yield increase due to complementary effect of the component ¢rops, improvement of soil fertility,
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the spreading of the use of tabour over a period of time, and the minimising of the damage
caused by weeds. Insect pests and diseases were only incidental. These practices were till recent
times thought to have been adopted for subsistance agriculture.

With the avilability of high yielding crop varieties and improved management techniques,
the emphasis has been shifted from yield stabitity of crop mixtures to the achievement of vield
advantage, maintenance of soil fertility, the increasing of farm income and efficient utilization
of resouices through intensive cropping by exploiting the space more effectively through the
planiting of crops of varying architecture within a specified time span. '

The Terminology used in Cropping Systems is given below.

Cropping System: The cropping patterns used on a farm and their interaction with farm
resources, and available technology which determine their make-up.

Cropping pattern; The yearly sequence and spatial arrangement of crops or of crops and
fallow on a given area.

Farming System: The entire complex of development, management and allocation of re-
sources as well as decisions and activities which, within an operational farm unit or combination
of units, results in agricultural production, and the processing and marketing of the products.

sole Cropping: One crop variety grown alone stands at normal density éynonymous with
solid planting, and opposite of intercropping.

\-\\ Monoculture: Continuous growing of the same crop on the land.

\
Rotation: Continuous cultivation f crops (or crops and fallow) one after another on the
same land. One cycle may take one or more years {0 complc\ﬁ
S

Multiple Cropping: Growing two or more crops on @ e field in a year.

Cropping index (Cropping intensity): The numbv Tops Grown per year on a given area

of Tand, multiplied by 100. %
i

Intercropping: Growing two or more cro% ultaneously in separate rows on the same
field. Crop intensification is in terms of both e and space. There is intercrop competition
during the entire growth period or part of crop growth period.

Mixed cropping: Growing two-0r more crops simultaneously with resousing of any separate
row arrangement. RN

N
S

Strip intercropping: Growing two or more crops simuitaneously in strips wide enough to
peimit independent cultivation but narrow enough for the crops to interact agronomically.

Relay intercropping: Growing two or more crops simultaneously during the part of the life
cycle of each. A second crop is planted after the first crop has reached its reproduciive stage
_for growth but before it is ready for harvest, often simply referred to as relay cropping.

Sequential cropping: Growing two or more crops in sequence on the same field in a farming
year. The succeeding crop is planted after the preceding crop has been harvested. Crop
intensification is only in time dimension. There is no intercrop competition.

Ratoon cropping: The cultivation of crop regrowth after harvest, although not necessarily
for grain.

Component Crop: This is used to refer to either of the individual crops making up the
intescropping sitations,

Main or Base Crop: This is the one which is planted at its optimum sole crop population
in an intercropping situation and the second crop (intercrop) is ptanted in between rows of the
main or base crop with a view to obtain some extra intercrop yield without sacrificing the main
or base crop yield. -

Acc. Noy 2| 465
Class No; !/




Check Your Progress - 1
‘What is meant by Multiple Cr0ppirig? _
Note: (a) Write your answer in the space given below. _
(b) Compare your answer with thé one given at the end of thils unit.

....................................................................................

......................................................................................

The copping intensification techniqueé include intercropping, mu:ltiple cropping, relay crop-
ping, sequential cropping and crop rotation. : : S

7.3. INTERCROPPING

-

In dryiand agriculturc, cropping pattern should be adjusted__iﬁ accordance with the available '
resources to utilize the scarce rainfall efficiently. This needs to increase the cropping intensity
per unit area per unit time, - - : : ' '

'/./As the moisture is available only for a limited period in a y=ar, there is no scope for growing

_ -4 second crop in sequence. Under such cenditjons, its adoption of intercropping system as a
whole has proved to be more profitable tha 1§T§towing of one or two crops in sequence. Hence,
intercropping make it possible for utilisin growing season fully and other growth resources
fike light, water and plant nutrients. Kight is more fully utilized by extending the time of leaf
cover and by a fuller use of the so nergy reaching the field at any given point of time due to
the variation in the height of t %ﬁs o ' _ .

%cr

The use of nutrients and mdisture is likely to be all the more complete because different -
crops in intercropping use the moisture and nutrients from different depths and layers of soil
and because there is less run-off and leaching, -

The Advantages cf Intercropping are given below.

. Maximum utilization of resources like suntight, moisture and nutrients;

. Production can be increased per unit aré’ﬁ-‘peri unit'time.

. Greater stability of prod stion 6ver a period can be achieved.

. The risks due to diseases, pests and weeds are minimised.

. Soil fertility can be built up with the inclusion of legumes in irtercropping systems.

. Labour peaks can be distributed over the entire crop growihg period,

- Y T © R

- Interc.opping system provides the farmer with balanced food and meets his domestic
needs. . ' .

7.4. MULTIPLE CROPPING

Thne main objectives of multiple ;rOppihg is to intensify cropping withthe available resvuivcs

in a given environment,

For the success of the multiple cropping programme from the productivity point of view,
proper choice of crop varieties is essential. Crops should be arranged ir such a way that temporary
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immobilization of plant nutrients and depletion of nutrients from the same layer of the soil do not
occur, Similarly, crops which add larger quantities of easily decomposable residues and which
benefit the succeeding crop with available nutrients should be included. Legumes are suitable for
any cropping system because of their limited demand on resources like water, nutrients and light,
their adaptability to varying environmental conditions and capacity to fix atmospheri¢ nitrogen in

their root nodules. Vegetable crops are also suitable for multiple cropping programmes because

they have monetary and nutritional values. Most of the vegetable crops can be raised as seedlings
and planted, thus reducing main field duration. The. vegetables can be grown in interspaces in
orchards and plantations and can be inter-relay cropped on fields of cereal base crops.

The photoinsensitive varieties of different crops of short duration, introduced recently are
best suited for multiple cropping.

7.4.1; Rainfed Areas

- The selection of crops and varieties by farmers in rainfed areas mainly depend on the amount
of rainfall received, the length of the rainy season and the type of soil. In general, millets are
preferred for light and shallow soils, sorghum for heavy soils and castor and redgram for soils
with compact sub-soil. Higher yield is obtained in Kharif than in rabi season on heavy soils with
good drainage. Safflower grows well in rabj in heavy black soils. Barley, mustard or bcngalgran,
is preferable to wheat in rabi in the Deccan plateau region.

The cropping intensity varies as follows with the amount of rainfall received:
500-625mm with 100mm soil storage capacity-single monsoon crop.
625-750mm Intercropping with crops of different matu@periods.

750-900mm with .150mm -soil storage capacity - Re@cropping e.g., Safflower relayed with
sorghum,

900mm with 200mm soil storage capacity - € cropping: e.g., Rice Bengalgram in Indo-
Gangetic alluvium, pearl millet - barley{mus% Central UP. :

The 1mproved cropping pattern suggested for rainfed black and red soils by Krantz (19'?’5)
is given below:

Monsoon Post Monsoon

Sorghum Rotoon

Sorghum Relay Bengalgram/Safflower
Maize Relay Bengalgram/Safflower
Setaria Sunflower/Sorghum

7.4.2. Irrlgated Areas

In irrigated areas the growing of a second or thlrd crop depends not only on the availability
of irrigation water but also on the soil type and climatic conditions. Systematic research has
beeri initiated on multiple cropping to find out a suitable potential cropping pattern in irrigated
areas. In delta areas rice-rice- puise is the traditional cropping pattern. Here the short duration
pulse (green-gram or blackgram). seeds are broadcasted in the standing rice crop of rice 10 to
'15 days before harvest. The pulse seeds germinate with the available soil mojsture and establish
themselves even before the rice crop is harvested,

7.4.3. Effect on Soil Properties

Physical propertics: Keeping a continuous cover through the major part of the year reduces
the direct impact of rain drops, soil dispersion, surface sealing and crust formation. This helps in
easy establishment of the crops planted. Soil erosion due to run-off water and wind is minimiscd
and helps in maintaining the fertility of soils. The presence of crop stubbles and residues in
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the soil improves the structure of the soil and keeps the soil in an ariable condition. reducng
tillage requirements. Raising crops of different rooting depths helps to explore the soil effectively
for moisture and nutrients and prevents the formation of compact sub-soil Jayers which often
happens in monoculture and in the case of repeated cultivation.

Chemical properties: Intensive cropping without adeguate manuring and fertilizers may

“deplete the soil in course of time and decrease its productivity substantially. Tven the crop
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residues are returned to soil and legumes included in the system add nitrogen througih root
nodules; an inténsive cropping without adéquate fertilization will not last tong. The extent of
nutrient of the soil varies with the (ype of crop included in the multiple cropping programme,

7.5, RELAY CROPPING

It refers to interplanting or sowing of a second crop before the harvesting of the first crop.
It is like a relay race, in which a crop hands over the land to the next crop in quick succession,
The purpose of this technique is to plant the next crop weil within time to realize its potentiy
yield. 1t has been practiced under irrigated conditions and occasionally in humid climates as
a means of maximising the use of resources like land, water and time. Farly observations on
relay planting at 1CRISAT (International Crops Research Institute for the Semi-Arid Fropics,
Hyderabad) indicate encouraging potentialities on scope for effective scil and water resources
utilisation and increased yield. '

7.5.1. Advantagas
1. The efficiency of use of water and fertilizers is increased (residual moisture and nutrients).
2. The growth of weeds is kept under control.

3. Owing to the inclusion of deep and ghs rooted crops, proper use of soil moisture and
plant nutrients is obtained. %

4. TInclusion of iegume crops in gataBon helps in the restoration of nitrogen status of the soil.

5. Foliage drop and left over sn%es in the field add a considerabie amount of organic matier
to the soil.

6. The farm labour and cattie could be efficiently used.,

7. Wa preparatory culfivation for the second crop is needed.

7.5.2. Disadvantages
1. Asthe seed bed is not prepared for the relay crop, the weeds present a magnified problem.
2. This gystem is legally limited to irrigated arcas.

Although relay cropping is normally not practised in the rainfed semi-arid tropics, the
development of high yielding short season varieties has given scope for relay cropping in such
areas also, particularly in black soils which have high water holding capacity. Since many of the
monsoon crops mature during the period when the monsoon rainfall is waning, relay planting of

the post-monsoon crops 1-3 weeks before the harvest show the way to reduce the risk of failure
in establishing the second crop. Hence, timeliness is impertant in relay planting operation.

Selection of varieties in relay cropping system should be based on the following considerations:

- Evolving suitable short duration varieties.
Evolving varieties with high yield potential.
According to the depletion pattern of nutrients in the soil by the individual crops.

A

Water requirements of crops in the system.



The following are some of the relay cropping systems followed.

Rice-Greengram
Rice-Blackgram
Rice-Linseed.

Check Your Progress - 2
What is refay cropping?
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end of this unit.

.................................................................................

..................................................................................

..................................................................................
...................................................................................

7.6. SEQUENTIAL CROFPPING

-Sequence cropping or double cropping is the practice of sawing a crop immediately after
the harvest of the first crop. This practice is also adopted jg assured irrigated conditions and
alsu in sub-humid areas with heavy rainfall. Double croppi ke relay cropping has rarety been
practised in rainfed, seasonally dry, semiarid tropics.

Double cropping in a sequence is preferred ungfhe following conditions.
1. In areas with pronounced weed intensity.
2. Tn areas where the post-monsoon ¢rops require adequate seed bed preparation.

3. Conditions where a crop can be grown with the residual moisture. For example, Sowing
Horsegram after groundnut or Bajra.

Under dry farming conditions the sequential cropping mainly depends on
1. Average annual rainfall of she area;
Crop suitability to the tract;

Prevalent systems of agriculture.

7.6.1. Sonie Sequences in A.P.
a) Dryland or rainfed conditions:

1. Groundnut - Jowar
2. Ragi - Horsegram
3. Bajra - Horsegram or Jowar or Chillies (Under wells)
4, Kharif: Pulse - Jowar '
in upland conditions in intensive pockets under wells vegetables and chiliies are under
cantinuous cuftivation and at times Ragi or Maize for table purpose will also find a place in the
CroD SegUences.
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b} Sequences in Assured Irrigated conditions:

1. Paddy - Pulses - Mesta or Groundnut
2. Green manure - Paddy - Pulses - Fallow
3. Paddy - Groundnut - Paddy.

In deciding the crop sequences it is advisable to select crops with different morphological
behaviour, i.e., deep and shallow rooting, etc., and also the nutritional requirements of the crops.

Swaminathan et.al (1970) pointed out that certain basic rules should be taken as guide-lineé
in formulating and introducing sequential cropping patterns, - : '

Some of the basic rules are:

No two crops sharing in common the same pests and diseases should be grown in sequences.
One should be deep rooted and another with shallow roots.
Attention to restoration of soil fertility by including one legume in the sequence.

oW N

The fitting of the crops in rotation should be based on an u'nderstanding of their production
physiology in relation to the environinent,

7.6.2. Advantages of Sequence Cropping
Better seasonal distribution of labour.
Less erosion.

Better weed control.

Less insect and disease problem. 0
Less seasonal and weather risk. Q
Crops yield more in rotation, ??x

S o

Sequential cropping is also r%hcd: to for the use of available land through the year or for
most of the days in the year. should be taken in choosing the crops in sequences to see that
the preceding crop does not ledve any toxic effect. The residual moisture and fertilizers applied
to preceding crops will have a definite bearing on the yields of the sucéeeding crop, specially in
dry farming areas and micro water shed development areas, where fertilizer application to the
succeeding crop may not be possible.” e - _

A grain crop succeeded by a pulse crop or any legume is a good sequence. Continuous
cultivation of a single crop should preferably bé avoided at the time of deciding the crop sequences.

7.7. CROP ROTATION

The importance of crop rotation was realised a long time ago in view of the need for the
soil fertility maintenance, prevention of the spreading of soil borne diseases, pests and weeds,
control of soil erosion and insurance of the balanced programme of work throughout the year.
Selection of crops in a given rotation primarily depends on thetype of farming in question ie.,
rainfed farming and irrigated farming. Intensive research work has been undertaken to identify
suitable crops for crop rotations under various conditions. A well planned crop rotation has the
following advantages over monoculture (growing the same crop continuously on the same land): -

1. Soil fertility is maintained:
The build up of pests weeds and soil-borne diseases is prevented:

~ Soil erosion s controlled; - '
Prevent or the limiting of the peak period ‘of irtigation water reguirements of crops;
Provision of a balanced programme of work throughout the year.

AT
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7.1.1. Principles | | |

1. Growing of crops with differential depths of Tooting systems alternately to absorb nutrients

from different soil layers.

Alternating crops susceptible to corbat in diseases wiflrthose thatare resistant.

3. Sefection of crops dn mta}t&m-mﬂw n‘s.-':-.sﬂv.nears.m or benefictal effects.

~eof-ane crop on the. succeeding ordp. These «ffects may be due to the presmceﬂ,‘of toxic

substances:that affects the nutrient supply, the buiild up of efganic matter, soil strictisre, sofl
micro-organisms or residual soil moisture. 1

e

4. Alternating the crops of soil exhaustion with those.contributing to the sail fertility improve-
- ment. ' . ! = :

5. - Alternating the crops with different peak requirements of water, labour ele.,

6. Alternating with soit conserving crops irr the rotation to prevent erosiom

 Asthe main objective of crop rotation is to maintain soil rertility and the raising of productivity,

it is necessary to include legume crops €ither of pulse or fodder crops in the rotation. Legumes
are known 9o bufld up the fertility through their atmospheric pitrogen Bxstion capacity. Henoe,
fhe inclasion of pulses in the rotation provides protein food for man and feed. for cattle.

7.7.2. Limitations of Mono-Culture
1. Soil moisture limits the application of chiemical fertilizers: -

Under semi-arid conditions, deficient soil moisture kmits the amount of chemical fertilizers
that can be applied and specially for nitrogen, may even make théir use impracticable. Low yield
Jevels also make the use of heavy fertilizer doses protectiv; rotation including legumes is.
still frequently the most economical solution‘to this probl

2. Monoculture tends to upset the fiutrients ba@w in soils; .-

Fertilizers are not cheap or easily available ywhere and are costly in the less devetoped
semi-arid regions. A leguminous crop supplying grains and nitrogen to the soil may be able
to justify itself economically. Monocutture also tends to upset the nutrient balance in-soils by
drawing heavily on certain nutrients and.leaving behind excessive amounts of other. nutrients
unused. : : :

s conclusion: it can be stated that the former is no longer as. dependent on crop rotation

~ for maintaining high-levels of production: as he-was in the past. However, a well planned crop

rotation-in the context of multiple and relay cropping helps in securing profit, soil sanitation and

fertility, weed control, regulation of Jabour and the use of water and the ensuring of the stability
and security of income. :

Soil toxin theory: Plant roots produce phyto toxic substance leading to so-called soil sickness.
The phytotoxic substances are secreted by the roots and underground systems of certain plants,
or produced during the decomposition of their residues. Certain crops such as flax (Linum sp.)
guayle (Parthenim argentatum) and bromegrass {Brames ineruidus) are particularly subject to
soil sickness. Stands became sparse and yields decline when the crop-is grown continuously on
the same soil. The conditions are usually species-specific and other crops grow well in the same
soil.

As per the experimental evidence available, a group of endogenous substances catled Kaolines
are excreted ot diffused by plant roots that have inhibitory influence. on other plants. The effect
is called allelopathy. Kaelines are variedly identified as lactones, aminoacids, peptides and even
simple carbohydrates. : '
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Check Your Progress - 3
Explain the term monoculture?
MNote: (a) Write your answer in the space given below.

(b) Compare your answer with the one given af the end of this unit.

..................................................................................
...................................................................................
...................................................................................
‘....a.,:,:o......_.....-,....-...».............-‘....--...--..q .....................

..................................................................................

78. CROPPING PATTERNS IN SEMI-ARID TREOPICS OF ENDBA

Black cotton soils are with high water holding capacity. They are rich in potassinm, calcium
and magnesium. However, these soils are low in O.M. {0.4 tc 0.8%) and are usually deficient in
M, P and sometimes T, .

The cropping patterss followed in various black and-soils regiens may be groused as follows.

98.1. Black Soils

The cropping patterns followed in varéc%b!ack 50113 in the semi-arid tropics of India are
given below, .

a} Cropping in Monsoon season Q’i soils of shallow and medium textured, moderately
deep blacks, crops are grown by u;‘u“im g the available water in the rainy season.
an

Sorghum +- Pigeonpea + Sesahum {Intercrop)

Peacimillet & Pigeonpea + Sesamum {Intercrop}

Sorghum + Pigeonpea - fallow {2 vear rotation)

Sorghum + Pigeonpea - Groundnut (2 year rotation)

Soya bean + Pigeonpea - Cotton (2 year ratation)

Cotton-Sorghum +- Pigeonpea - Groundnut (3 year rotation)

b) Cropping in post monsoon season oniy: This system is used in deep or moderately deep
black soils by utilising the residual moisture following monscon season fallow. About 50% of
the cultivated black soit is fallowed during monsoon and then cropped during the post monsoon .
season. There is possibility to increase the cropping intensity in this region if suitable soil,
‘water and crop management practices are used by growing crops during menseon season and
by growing short season crops as relay of double cropping in the medium to high rainfall area
(750mm).

Faliow - Serghum + Qilseed mixture (Intercrop)

Fallow - Chickpea (Continuous)

Fallow - Wheat (Continuous)

Fallow - Wheat - fallow - gram {2 vear rotation)

Fallow - Wheat - fallow - linseed (2 year rotation)

t) Cropping during both monsoon and bost-monseon season: In some deep black soils, a
IMONSO0nR Crop is grown during the rainy season followed by catch crops of pulses or oilseeds
grown on residual moisture.
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80mm on seguences followed

Monsoon crop Post monsoon crop
Sorghum Puise

Sorghum Safflower

Groundrit Satflower

Pulses Wheat

Pearlmiliat Wheat

Cotion Sorghum -- Safflower

7.8.2. Bed Soils

These soils are low in N, P and Zinc. Pofassiunt is present at medium to high. Leval Red
soils range fro:n shallow to medium in depth and have a relatively low water-holding capacity.
Crops are grown only during the monsoon season.

Cotton -+ Setaria {Intercrop)

Sorghum 4 Fearlmillet -+ Pigeonpea (Intercrop)
Fingermillet - Groundnut or Horsegram {2 year)
Sorghum - Pulses (2 year)

Finger milfet - Pulses (2 year)

Sorghvom - Groundnut - Cotton - Setaria (4 year)

In seasons with late rains in september, crops like horsegram, Sesamum and saffiower are
grown following early maturing monsoen crops. '

Alluvial soils: Water holding capacity is relatively low cogpared to biack clay seils. These
soifs are nsually low in organic matter, deficient in N, P and%x

Fallow - Wheat (One year)

Fatiow - Barley (&ne year} ‘?"

Pearlmiliet - Chickpea (One year) Q‘~

Pearimiliet - Bariey {One year)

Monsocon fallow - Chickpea - monsoon fallow - Sorghum + Sesamum (2 year)

75, SUMMARY

Monocropping, intercropping, sequence cropping, muitiple cropping are comimonly foilowed
in cropping systems. Intercropping is a common practice adopted under rainfed conditions as
an Insurance against complete crop failure. Muitiple cropping can be adopted to make the best
possible use of resources liké land, water, labour etc. Relay planting refers to inierpianting or
sowing of 4 second crop before the harvesting of the first crop to fully utifize the availabie moisture.
Seqirence cropping is the practice of growing a second crop immediately after the harvesting of the
© first crop which is followed in the case of moisture retentive soils or nnder irrigated conditions.
Crop rotation is mainly usefu! in maintaining soif fertility and avoiding recurrance of pests and
diseases. Monoculture upsets the nutrient balance in the soil by extracting certain nutrients and
leaving the other nutrients meagerly utilized.

7.18. CHECK YOUR PRROGRESS: MODEL ANSWERS

1. The growing of 2 or more than tws crops on the same field in an year is called multiple
Cropping.

2. The interplanting or sowing of a second Crop before the harvesting of the first crop is called
relay cronping.

3. Growing of the same crop continuously on the same land is calied Monoculture.
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711. MODEL EXAMINATION QUESTIONS

- 1. Answer the._foﬁow.ia.‘;g questions in showt 38 lines each, _

1. Briefly discuss the effectof smultiple cropping auplysical and chemieal soil properties.
2. Discuss the advanfagqs mﬂmmmfmwﬁmwng. |

3. Discuss the advantages and-ﬁikaﬂuantages of seymence Tropping.

II. Answer the following gquegtions in about 18 lines each,. -
1. What aresthe advantage§‘of inter croppimg? ' '
2. ‘Write about the: multap]cmpping systems in rainfed areas.
3. erte about the sequence cropping.and some sequences followed in AP.
4. What a__rg the principles o xrop rotation. '

e

.f'.
L]
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UNIT - 8: DRY LAND FARMING
Conten:ts | | o -

8.1. Objectives .
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84. Principles of D1y Farming
8.4.1.. Moisture Conservation Practices
84.2. Reduction in Evapotranspiration Losses.
8.4.3. Judicial Utilisation of Conserved Moisture
. 8.44. Seasonal Aberrations
85. ‘Water Harvesting
8.5.1. Life Sating Irrigation
8.52. Run Off Farming
83.3. Micro-Watersheds
8.6. Summary .
8.7. Check Your Progress: Model Answers
3.8. Maodel Examination Questions

'8.1. OBJECTIVES

By the end of this unit you will be- able to: o _ ) .
1. classify the régiohs based on precipitation and evapdtransﬁiéidn.of the crop,
2. list out the principles of dry farming and describe the arately, _
3. explain the practice of water hanfest'ing in lif'e'sav%‘if ‘gaﬁon, run off farming and microwater
sheds. _ : On . S
> - ; -
8.2. INTRODUCTION

Of the 140 million hectares of net cultivable land in India, 105 ‘million hectares (75%) are
rainfed and if all available irrigation resources are utitized, still 55 to 60 per cent of cultivable
area will continue to be rainfed, Rainfall is the only source of soil moisture to crop plants in
- rainfed agriculture. In areas, where the annual rainfall is less than 1000mm, with erratic and
uneven distribution, a pastial or complete failure of crops may occur. Areas receiving less than
1000, constitute 36 percent of net area sown in the country covering nearly 47 million hectares.
There are about 84 districts in India coming under this category spread all over the states -
. except Assam, West Bengal, Kerata and Orissa. The major dry farming areas are situated in

Punjab, Haryana, Rajasthan Maharashtra, Sourashtra, and Kutch in Gujarat, Rayalaseema, and
Telangana regions except Adilabad, Nizamabad, Karimnagar-and Warangal districts in Andhra
Pradesh, interior north Karnataka, the greater parts of M.P. and some pockets in Tamilnadu
-and UP. Agriculture in these parts of India is still a gamble with the monsoon.

8.3. CLASSIFICATION OF REGIONS.

Many approaches were proposed to classify the regions. based on precipitation and evapo-
transpiration of the crop. Out of those, Troll’s classification based on the period of rainfall and
Thornthwaite’s classification based on moisture index (MI} are commonly used to classify the
regions. - . '



- Table-8: 1 Troll S classxﬁcatmn of reglons

 Period Of precwpltatlon B _' S
: equdl or greater - than PET T S Region

*P **PET
1 Less than 2 months S B .. Arid
. 2.2toTmonths .~ _Z:_ o Semi arid
- 3. More than 7 months e Humid

*P= Preupltatlon .
*EPET = Potentzal eva '

_ In "Ihornthwalte classuﬁcatlon Mcusture Indcx (MI) is calculated by usmg the followmg'.
n .formula_ B |

ansplratlon

. Iﬁ'dismfé.".-lndex'=-¥' P——'&X 100 .

where P Preczpﬂat:on o
: Potentla! Evapotransplration

L "_'j' : It is, evaphtransplratlon that occurs when thc ground is comp!etely covered by acnvely growmg -
S _vegetatton and there is no I1m1tat10n of mmsture :

o Crop productlon in Indla is greatly mﬂuenced by the South West monsoon (June-Septembcr) Ny

- since 70 percent of the annual rainfall is received during this monsoon period. The distribution -

. of rainfall varies mdely, bemg as high as 4( m over Khasi hills and as low as 200mm in West

" Rajasthan. The amount and distributio nfall -received of depressions and cyclonic storms. -
that move inland from the Bay of Bengégnd the :Arabian sea coasts and their track and extent

~of travel over the land. The South- monsoon is followed by the North-East monsoon from

. October to December which is @'&is the Retreating monsoon and in some places it is the

. . main source of rainfall. = . % ' '
tl

Soil moisture is the most [i¥iting factor in dryland farming and the crop experiences drought
(moisture stress) frequently. According to Thornthwaite, ‘drought’ is a condition in which the
amount of water needed for evapotranspiration exceeds the amount of available moisture in the
soil, - -

. 'Check' Your Progress - 1
' .'What is the formula for Moisture Index'?

'._.N Dte (a) Wnte your answer in the spacc glven below

"b)._Compare your answer w1th the one gwen at the end of tlus unit,

. ga. .-_.PRINCI_PL'ES_. OF DRY_. FARM'ING

Thc various practices m dxy farmmg regions are in accordance with one or more prmc1plc:,
glven ‘below to achieve. maxnmum monsture use efficiency.
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1. Conservation of moisture by controlling run off and increasing the mfxltla“lon
2. Reduction of evaporation losses from soil and transpiration losses from the plant.
» 3. Judicious utjlization of conserved moisture by adopting dppropr:ate crop management
practices and cropping systems. -
4. FEwolving contingency plans to meet seasond[ aberrations

8.4.1. Mmsture Conservation Practices

The amount of prec1p1rat10n stored in the soil depcndb upon the contml 01 run off and
increase in the infiltration rate of the soil. :

The lands having different sloped can be bf-tter utlhzed for growing m ops by adoptlng
different soil and moisture conservation practices like bund former bunding, contour ‘bunding,
contour trenching, bench terracing, depending upon the siope of the land.. Other practices
like levelting, tillage practices, contour cultivation, strip cropping can aise be adopted to obtain
optimum production. Soil structure’ 1mpr0w.ment also rcduces the run- off wafer and increases.

the infiltration rate of rain water.

1. Bund former buudmﬂ 1t consists of Iormlng tempmary bunds with a bund former across .

the slope at regular intervals dividing the laitd into compartments of 5 to 10 ¢cénts. The size of
the bund ranges frem 30 to 50 cm in width at the base with 20 o 30cm height. The experiments
conducted at Flagari-and Sholapur indicated that. bundmb increased the yields of « crons by 15 to

40 per cent compared to unbunded plots.

2. Contour bunding: Permanent earthen bunds along the contour line are put up at every
90 metre distance or a drop in level of 90cm. These are qu §¢ Dig size bunds having a height
of 75cm width at the base 3.3 metres and at the top m. The earth required for forming
bunds, is taken from the upper sides of bunds by gizdifg to a madimurm depth of 13¢m, ail
along the bunds. The experimental results at Hagaq and Bellaty indicated that the yields of
crops increased ranging from 16 to 62 per cent%dlffcrent crops due to contour bunds when

compared (o unbunded plots.

3. Bench terracing: In e\ffremcly stopy lands where soil depth pelmltb fevelling, terracing is
adopted. Tt is transforming refatively steep tand into a series of level strips or platforms across
the slope of the land, one over the other, which locks like the steps. of a staircase from a distance.
These steps are separated by risers, or vertical drops of eacth or stones protected by a heavy

growth of grass.

4. Contour trenching: It consists of small trenches or channels constructed across the siope
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to catch the run-off which later percolate into lower layers of soil. The size of contour trench

. should be 60cm wide 30cm deep of a convenient length spaced at 22.5 to 60 metre distance

depending upon the slope of land for hill sides and pasture lands. For cultivated fields the
contour furrows of 10cm wide and 10cm deep, spaced at 90 to 105¢m, may be formed to capture
the run‘off water.

5. Levelling: Levelling -of the land reduces the velocity of run off water and -gives more
opportunity for the infiltration of water into lower layers of the soil. Levelling of the land is
advisable in fields having mild slopes, Levelling in more slopy lands leads to the removal of
fert:le top soil in the upper strip which becomes less productlve

6. Protection of surface soil with vegeta.tzve cover: Covering most of the surface soil by
quick growing crops or with any vegetation or with dried plant materials, moderates the direct
impact of rain drop, to prevent the breaking of aggregates and consequent seahng of pores.

- Under such conditions the infiltration raté is high and it is contimued for longer time. This is

very clear from soil moisture studies in a grassed plot compared to a cultivated plot at Hastmgs,
Nebraska. '

In a cultivated plot, only half the rainfall is infiltrated as against 85 to 90 per cent infiltration
in fields having grass cover. In another experiment in straw mulched plots the infiltration rate
was 3 cm/hour compared to 1.2cm in plots without straw mulch.

Contour Cultivation.

Intercultivation across the slope and along the our line to conserve moisture in slopy lands.
This practice reduces the- Velocnty -of run-off "Water :and gives more time for rain water to enter
lnto the soil. Experlmental ndicated . that -contour cultivation ‘alone gave 10
1X'th s*opes At ICRISAT inred soils graded ridges of
_ ohdyr25. per cent over flat land. In black soils the infiltration
rate was 6mm/hour in cropped lagyvith ridges.and furrows system, whereas in flat cropped land

Contour cultivation is the practice of cond%g field operations such as ploughing, sowing,

-the infiltration rate was 3 mm7houy.,

Tillage Practices

Crop response to dlfferent t1!lage practices depends upon the amount and distribution of
rainfall in a season. In seasons during which precipitation provides adequate water to the crop
throughout the growing peri8d, differences in soil moisture regime due to tillage have little
or no effect on yields: Conversely tillage methods like deep ploughing or listing increased
the available moisture in the soil which benefited the crop in the year of a rainfall less than
normal. Deep ploughing is suggested when hard pans are formed in the sub soil to facilitate easy

-root penetration, acration and infiltration of rain water. Deep ploughing carried out in summer

months is most effective means of controlling perennial and problematic weeds like Cynodon
dactylon and Cyprus rotundus. It exposes the clods to high temperatures which is beneficial
for improving the soil structure by increasing the percentage of water stable aggregates. ‘The
experiments conducted at IARI, New Delhi, with different depths of ploughings from 16 to
45cm showed that moisture percentage in the soil at the end of the Kharif season increased with
increase in the depth of plonghing. Deep ploughing of 45cm depth resulted in higher percentage
of moisture both at the surface and sub-soil layers. The grain and straw yields of Kharif maize
were maximum with deep ploughing.

Frequent tillage operations under tropical conditions reduces the organic matter content, -
resulting in poor soil aggregation and also leads to greater soil compaction. The modern concept.
of minimum fillage or zero tillage not only conserves organic matter but leaves a rough surface
on the soil which can store considerable quantities of water in micro depressions (detennon
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storage). Minimum tillage can be practised by combining the work of ploughing and sowing
in one operation and controlling weeds effectively by herbicide. Bains et al, (1970) observed
maximum infiltration (439 cm/hoor) in piots receiving zere titlage, having 50 per cent crop
residue as against 1.8 cm/hour infiltration in the ploughed soil.

Strip Cropping

It consists of growing erosion resisting and erosion permitting crops in sirips at right angles
to the natural slope. The ratio of erosion permitting to erosion resisting crops ranges from 4:1 to
8:1. The strips of erosion resisting crops reduces the speed of run off water coming from erosion
permitting crops. It enables water to remain Ionger in the field and more water is infiltrated.
Moreaver, it serves the objectives of crop rotation and mixed cropping.

Check Your Progress - 2
What is meant by strip cropping?
MNote: {a) Write your answer in the space given below,

{b) Compare your answer with the one given at the end of this unit.

8.4.2. Reduction in Evapofraspiration Lo sse

- Itis estimated that about 70% of water islost th h evaporation and transpiration (Charless
Bradley). It is therefore necessary that every e@ siould be made to minimise this big portion
of water joss. Evaporation is a very complex endfgy- controlled process which is influenced by
micro-meteorological conditions above the soil surface as well as soil properties. There are three
stages of evaporation in the soil.

1. Rapid and stcady loss of water which is dependent on transmission rate through the soil
depending an the above ground conditions such as wind speed, temperarure radiani energy
and relative humidity.

2. Rapid decline in the rate of loss which is governed by moisture flow to the surface being
influenced by soil factors.

3. Extreme siow loss which is dependent on absorptive force of solid liguid interface,
The methods to reduce evaporaticn losses include:
1. Decreasing the turbulent transter of water vapour to atmosphere by muiches and winu oreaks,

2. Decreasing capillary continuity by tillage methods or rapid drying of surface soil by chemicals.

Mulches

The practice of applying mulches to the soil to control evaporation is an age old praciice.
Muich may be defined as any mategial like plant residue, straw, saw dost, paddy husk, gravel,
poiythene sheet etc. which covers the surfoce soil.

Vegetative mulches are effective in redncing evaporation losses as long as the surface soil
is wet, When the surface soil dries, the effect of muich decreases and cumulative evaporation
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from straw mulched plot and bare soil is equal after prolonged drying. This means that straw
mulch can conserve water in periods of frequent rains but are of little value during extended dry
period. ' e :

Vegetative mulches reduce the evaporation losses in the following way.

i) Reduction in the supply of solar energy: Stubble mulch reflects incoming solar radiation.
Bright straw reflects 80 percent solar radiation than bare dark soil.

ii) Reduction in wind velocity: With increasing depth of stubble mulch, wind velocity
© . progressively decreases. : ' .

iii) Reduction in the liquid water flow to the site of evaporation: Stubble mulch creates a
micro-climate in which evaporation demand of atmosphere is decreased and the water -
flow from layers to the site of evaporation decreases, :

Soil Mulch

Keeping the surface soil loose and dusty upto 5-to 8cm deep with repeated surface stirrings
is known as ‘soil mulch’ or ‘dust mulch’ or ‘natural mulch’, This effectively blocks the capillary
pores and prevents the rise of water to the surface, After rainfall, the surface stirred 5 to &m
soil gets dried up rapidly but below this layer, moisture loss by evaporation from soil becomes
minimum,.

. Drying of surface soil by spraying chemicals like fatty alcohols or non ionic surfactants reduces
the evaporation losses by reducing capillary flow to the surface. :

- Wind breaks were found to be effective i?ducing the wind velocity by 20 to 63 per cent
which in turn reduced the evaporation Iog ranging from 10 to 30 per cent.

Anti-Tranpirants ?\

Various methods of controlji t?anspiration losses are based on (i) increasing leaf resistance
to water vapour loss (ii) modifyihg the net encrgy balance at leaf surface (iif) reducing the crop
growth and (iv} reducing the effect of the wind by wind breaks. :

Anti transpirants are those materjals which are sprayed on leaf surfaces to reduce transpiration
losses. Thers are 4 types of anti-transpirants. :

{a) Stomata closing type (Fungicides like PMA and Weedicides like atrazine).
(b) Film forming type (Siticones and emulsion).

(c) Reflective type (Kdolin).

(d) Growth ;etardqnts (Cycocel),

- (a) Stomata closing antitranspiranis: These are also called metabolic antitranspirants which
induce stomatal closure partially and reduce transportation losses but reduced availability of CO,
may affect the photosynthetic rate. The antitranspirants are most effective when water fosses from
plants are rlot restricted by natural stomatal closure in response to leaf water deficits. Under
such conditions 30 to 40 per cent transpiration losses are reduced by spraying phenyl mercuric
acetate (PMA) at concentration of 15 mg/litre of water or spraying weedicide like alachlor at a
rate of 20 mg/litre of water. '

(b) Film forming antitranspirants: Coating leaves with inert material to form an impermeable
layer on the leaf surface reduces transpiration losses. These will not inhibit the passage of CO,.
Diesel oil at 1.25 per cent emulsion or emulsifiable wax at a rate of 2 litre/ha can be sprayed to
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form a thin coating on both sides of the leaf' surface. Emulsifiable wax (mobileaf) and water in
_proportion of 1:8 can be used for dipping the leaves of tobacco seedlings before transplanting
to reduce the transpiration losses of tobacco., ' : '

(c) Leaf Albedo: Leaf albedo is considered to be one of the most important factors in reducing
the transpiration losses. The percentage of incoming radiation that is reflected back to the
atmosphere is called albedo. The materials that can be used on leaf surfaces for the reflection of
solar radiation are Kaolinite clay, hydrated lime, zinc sulphate, magnesium carbonate and calcium
carbonate. It was found that by spraying Xaolinite clay (Kaoline) at six per cent concentration
reduced the trarispiration losses by 22-28 per cent with a reduction in leaf temperature by 3-40C.

(d) Growth retardants: Certain growth retardants have been found to reduce the plant
susceptability to water stress. CCC (2- chloroethyl trimethyl ammonium chloride) is one. of
the most important growth retarders. Plants treated with CCC at the rate of 1 to 15 litres/ha
remained turgid and survived longer under moisture stress conditions. Growth retardants usually
decrease the top-root ratio thereby reducing the loss of water by transpiration. They proved
effective in increasing the yields under drought conditions. However, there is not much evidence
to show that the growth retardants reduce the transpiration rate.

8.4.3. Judicious Utilization of Conserved Moisture

It is not enough to store more moisture in the soil but it has to be utilized more effectively by
adopting suitable management practices. They include selection of suitable crop variety, efficient
cropping system, proper land preparation, best time of sowing, method of planting, fertilizer
application, weed control etc. . 0

" Choice of crop: In dry land areas, certain crops ar@own by convention. Some of these
crops can be replaced with efficient crops (Table 8.2)._2?\ :

Q-

Table 8.2. Efficient Crops 2%
_ _ Traditional crop Efficient crop '
Region Crops - Yield (g/ha) Crop Yield {g/ha)
1. Black soils of ' Sorghum 25.0
Kurnool and Cotton 2.0 or _ _
Anantapur Safflower 12.0
2. Red soils of _
Anantapur and -Groundnut 53 Sunflower 9.1
Mahahboobnagar '

Choice of varieties: The crops and varieties possessing the following characteristics are
generally found suitable for dry land agriculture. o '
(i) Short duration: Short duration varieties, for eg., 100-105 days of sorghum are
' found to escape drought than long duration varieties of sorghum,

. (ii) Early seedling vigour: Crop varieties possessing early vigour withstand weed competi-
. o tion and moisture stress better.
(iii) Deep root system: Plants with deep root system withstand moisture stress by util-

ising the moisture from deeper layers.
Photoinsentivity: The varieties that can come to harvest within the prescribed period

irrespective of photoperiod will give flexibility to the time of sowing depending upon the receipt
of rainfall. o '
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The hybrids and other high vielding varieties released in different crops under intensive -
management with irrigation facilities were found to posszss thé above characteristics, They also
performed well under dry land conditions and gave 50 to 100 per cent increased yields over Jocal
varieties at zero level of nitrogen.

This clearly shows that improvement in yields can be made by replacernent of local varieties
with high vielding varieties of crops.

Land Preparation and Seeding

- Moisture depletion in the upper layers of sandy soils is quite fast due to high temperatures
and windmovement in between the rains. In such soils the minimum time should be taken
for preparation and seeding so that the seed can be placed in the moist zone. Under existing
conditions, with the available bullock power at the disposal of the farmer, only /10 to 1/15 of
his holding can be covered at each interval. This often leads to seeding in a dry scil which has
an adverse effect on germination. The poor stand is the main reason for fow yields in dry land
agriculture. Custom service to provide tractors for ploughing (initial land preparation) before the
monsoon season and using improved seeddrills like Rayalagorru of Ananthpur or Pora Piough
to place the seed in the moist zone after receipt of rains, would increase the yields of crops.

Planting Time

Early sowing has several advantages like:

better moisture availability,

seedling vigour,

larger growing period,

Avcidance of pests and diseases for example, shoot fly in sorghum, downy mlldew in pearl

Pl =

millet,
5. Early sowing of Kharif crops facilitate ‘ch}e cropping in biack soils.

it may not be practically possibic 0%;} all crops early. The relative losses suffered by
different crops due to delayed sowin %&Jld form the basis. A crop, which gives comparatively
less yieids, under delayed conditio eeds to be sown first. Another approach is to increase
the efficiency of sowing by off on tillage practice and increase the efficiency of sowing by
widening the row width and reding the intra-row spacing (spacing within a row). The row

- width can be doubled, without significanit reducticn in yield.
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Cropping Systems Based on Rainfall and Moisture Storage in Soil

The amount of rainfall and the soil characteristics to siore the moisture will determine the
Table 8.3. Suitable efficient crops for soils of different moisture storage capacity under different
rginfali conditions in Andhra Pradesh

Rainfall Saoil type Amountofavail-  Crop Wost
{mm) _ able watey held  system efficient
‘ in scils profile crops
{mm)

375-625 Red 50 Single crop Castor or pearl mil-
let grasges and for-
ages.

570-750 Red 100 Inter crop -dlo-

600-900 Deep red 150 ~do- Pigeopea, Castor,

Setaria, Sorghum

: . and groundnuf.
600-900 Medium black 150 -~ -do-

900 Deep black 300 and above Sequence Pizeonpesa, maize,
Cropping Sorghum




duration of the cropping season. The weekly rainfall data of the last 70 years of Hyderabad
tegion was analysed by Virmani (1976) and he suggested: that the successful cropping season is
17 weeks in shallow red soils, 21 weeks in medium soils and 25 weeks in deep soils. The effective
crops for different soil types based on rainfall and meisture storage are given in table 8.3.

a) Inter cropping: In dry farming areas intercropping is a common practice. It consists of
growing two or more crops in set rows simultaneously on the same piece of [and. The crops need
not neces¥arily be sown at the same time, and their harvest time is quite different but they are
simultaneously grown for the significant part of the growing season. It is not only a device for
risk covering but ensures more production per unit area than the sole cropping by utilizing the
soil moisture and mutrients effectively. Bemdes, it helps in- stabilising the ylelds of crops under
dry land conditions. :

Sorghum + Pigeonpea: Growmg two Tows of sorghum alternated with one row of red gram
(Pigeonpea) with full population of both the crops is found to be more remunerative than sole
sorghum of pigeonpea. :

Groundnut. -} Red gram: In Anantapur groundnut is grown extensively as a sole crop or
intercropped with red gram or castor after every 11 or 15 rows (11 tol5: 1). Intercrop vields
~ of groundnut and red gram were.increased considerably by narrowmg down the groundnut and
' redgram ratio to 7:1 to 5:1.

(2: 1) sorghum + green gram (1:1) and maize + Pigeonpea (1:1). _

-Sequence Cfopping

Sequence cropping is possible in the higher rainfall regionsa d in soils having better moisture
holding capacity. Sequence cropping of sorghum followe safflower in the deep black soils of
. Adilabad and ragi followed by redgram or ragi follow, ﬁors&gram in the deep red soils of

‘Srikakulam and Vishakapatnam districts-would beQ\ table proposition.

Fertilizér Application %

The main reason for low fertilizer use in the uni-irrigated crops is the uncertamty in the
minds of farmers, about the returns, from its appllcatlon The graduat and continuous removai
of nutrients by dry land crops and loss of nutrients due to erosion and disappearance of organic
nitrogen due to frequent cultivation, depleted the soils of semi-arid region which necessitated the
use of fertilizers in dry lands. Further, improved moisture conservation practices and better weed
control practices helped in getting response to fertilizer application in drylands. Experiments
conducted by All India Co-ordinated Projects have shown that fertilizer application to rainfed
crops is profitable and it should be applied based on normal yields and rainfall as criteria (Table
8.4).

Table 8.4. Doses of Nitrogen applicat_ibn based on rainfall and normai yields of crops.

Rainfall Yield ' ‘Recommended

{mm) {Kg/ha) nitrogen dose
_ (Kg/ha)

500-700 50 40

700-1000 11000 . 60

1000 1500 ' 80

Under conditions of low rainfali or low soil moisturc"regio_ns, the rate of fertilizer application
has to be limited to the extent which wilt not promote more growth than the avaiable soil
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moisture can sustain, until the harvest. Ii is, therefore, necessary that the quantity of fertitizer
application shoutd be based on the moisture holding capacity of the soit.

Recent studics have shown that fertilized crops withstand drought better than the un-fertitized
crops. The vigourous growing crops resuiting from fertilizer application penetrates into the
deeper layesrs of soils and sxtract more moisture from the soil.

FPhosphorus: Semi-arid scils are deficient in phosphorus. To meet the phosphorus require-
ment of eraps, the avaiizbie P1Os content in the soil sheuld be between 30-35 Kg/ha. To bring
the soil to this ievel, application of 60 and 40 Kg/ha in the first year and at the rate of 45 and
36 Kg. Pys/ha in subsequent years for heavy and light soils respectively is recommended.

Patassiurn: 1t was observed that low concentration of potassium in the soil soiution resulted
in higher iranspivation Josses of wheat and peas. Adding potassiom chloride to potassium
deficient wheat plants decreased the transpiration rate by 50 per cent within two hours. This
effzct was mainly due to changes in the stomatal aperture.

Method of Fertilizer Application

For increasing the fertilizer vse efficiency, it is always advisable to apply fertitizers, particularly
phosphorus, by band placement for Xharif and rabi crops.

Zinc application: In areas wherever zinc deficiency was noticed, application of ZnSCy at a
rate of 30 Kg/ha increased the yieids of rainfed crops substantially.

Weeding

Weeds cause considerable damage te divdahd crops. Weeds take away not only moisture but
also nutrients from-the soil. Weed contrpiys ot greater significance tnder dry land conditions
because there will be severe competitio tween weeds and crops for moisture which is the

most liniting facior.
8.4.4. Seasonal Ahermi'ia% E

There could be three important variations in the rainfzll from normal rainfall paitern. These
are; ' :

{z} long gaps in the rainfall.
{b) Aelayed onset of the mansoon.
(¢} =arly stoppage of the rains.
Cropping sirategies suitable for Hyderabad and Anantapur region under the above aberrant
~ rainfall conditions is given below.
Hyderabad Region
- This region includes entire Ranga Reddy, Nalgonda districts parts of Medak, Karimnagar,
Mahiboobnagar and Warangal districts.
Characteristics _

Red sandy soils (Chalka or dubba); mean annual rainfall 750mm with minor peak in July
and high peak in September - only Kharif crops are possible. The foilowing cropping patiern is
adopted under different weather conditions.

Mormal Onset of Monsoon

From the first week to the 3rd week of JUNE, sole crop of sorghum or bajra or inter crop
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w2

ef sorghum 4 Figeonpea or Bajra -+ Pigeonpea can be grown. Later on, castor sowings can be
continued upto 4 to 6 weeks.
(a) Wormal Onset of the Monscon Followed by Long Gaps in the Rainfall

1. Weeding early and cieating soil mulch by repeated intercuttures heips in tiding over the
moisture stress for a short period.

2. When sorghum crop fails due to serve moisture stress, it can be cut and fed to the cattie.
If rains are received subsequently, ratooning of the crop with application of 20 Kg/ha is
suggested.

Delayed Onsct of the Monscon
1. Late sowing {Mid July - Mid August} sowing of Ragi (Godavari variety) is suggested.

2. Very late sowing {Mid August to eatly September): The foliowing crops can be sown.

Crop : Variety

i. Cowpea N C-152 or EC 4215

2. Setaria . L Ise 7011

3. Sunfiower - B2 68414 or hMorden

4. Safflower A-205 {very deep soils only)
5. Horse gram Local

Early stoppage of rains at the end of growing season
L Spraying of antitranspirants on crop and

2. Creating soit mulch to reduce evaporation 1osses w@inimise the risk of crop failure.
3

Ins regions where frequency of early stoppagc%@ 1 s more, growing of shert duration crops
will provide an insurance against such c.on:i'i‘n,., ney.

Ansntapur Begion

This region comprises of Anantapur, parts of Kurneol and Chittoor districts,

Characterisiics

- Shallpw red sods: The mean ram foll is S60mm and 40 per cent is received during September-
Getober. Itis the most difficult region due to the shallow depth of soils and the most unpregictable
rainfall. Cropping patierns fo suft aberrant weather conditions are given in the Table 8.5,

Table 8.5, Alternate crops for Anantapur regfon.

Seascn Crops and varisties
Normal {July) Groundnut, pigeonpea, Castor and mesta,

Early {last week of May of first {ortndght Fodder, sorghum, pigeonpes, castor and mesta
of June)

Late {August) Bajra (HB-3), Sctaria (H-1), Sunflower (EC 68415).
Viery fate {early Seplember) Bajra (11B-3), Sunflower (2 68145}, Black gram (Ty,

Counpeca snd horse gram.

fnter cropping svstems such as groundnut + pigeonped, baira -+ pigeonpea, sorghum -+
pigeonped are recommended upto the end of July.
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Black Soils;

Important crops are taken up in the rabi ‘season. Sowing of the rabi crops in Septcmber
instead of the traditional October plantings, is suggested. Sorghum should be sown the earliest,
the next, safflower and the last, Bengalgram. :

Check Your Progress - 3

‘List out three important variations in the rain fall from the normal pattern.

* increase the run off of rain water Water ha

- 8.5.1. Life Saving Irrigatioﬁ;;.

Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end of this unit.

8.5. WATER HARVESTING .

H is & practice of collection and using.of water derived from an area that has béen treated to
N&" g'is adopted under three different situations.

In areas of moderate rainfall:C¥henever th'é.fe is ‘excess rain which can not be conserved
within the soil profile is'colle@ the down side by digging a small pond. The water thus
collected is reused in the event ®f long drought spells as life saving irrigation in the donor area

. or other adjacent lower elevation areas. Experimental results clearly indicated that giving a three

centimeter depth of irrigation at the most critical stage of moisture stress increased the vields of
crops by 600 kg/ha. For adopting this method in the farmer’s fields, needs collective action and
Geveloping the most economical water- storage ponds and efficient irrigation delivery system for
supplying waterin the upper reaches.

Broad bed-« d-furrow system developed by ICRISAT can be adopted to collect the excess
rainfall. It consists of forming broad beds of 90-100 cm width having 10-15cm height alternated
with furrows of 50-60 cm wide by specially developed implement known as ‘tropiculture’. It is
one’of the efficient methods of water-shed management. It is an effective method in improving
the drainage in black soils and also facilitates collection of excess water in black and red soils
which can be reused.

8.5.2. Run off Farming

In areas where the rainfall is extremely low, the moisture that can be stored in the soil
is not in any case sufficient for successful crop production. Under such situations the upper
reaches of field are treated to increase run-off in order ‘¢ s “plement the soil moisture in the
adjacent lower portion for sustained crop production. This is k:icwn as run-off farming. The
ratio between donor and recipient area ranges from 25:1 to 30:1.

The same concept can be used in high rainfali regions. In the upper reaches, crops requiring
less water can be sown and rice can be successfully grown. by diverting water to the lower reaches.
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. 8.5.3. Micro Water Sheds

_ This is another method of water harvestinig deficit rain fall areas. This consists of growing
of crops in narrow strips, between Wide intervals that are ridged as artificial miniature water
~ sheds either with one side or_two sides sloping. The relative width of water shed strip to crop
producing strip is in the ratio of 2:1 to 4:1 depending upon the rainfall, this is more efficient
than fallowing. ‘- e T O

8.6. SUMMARY

Crop failures are very commeon in the areas even if the annual rainfal! received is 1000mm
if its distribUtion is uneven and erratic. There are about 84 districts receiving less than 1009mm
which are spread all over India except states of Assam, West Bengal, Kerala and .Orissa.
Principles of dry farming practices consist of {(a) Conservation of moisture by controlling run
off, and simultancously increasinig the infiltration. (b) Reduction of evapo-transpiration losses.
(¢) Judicious utilization of conserved moisture by adopting suitable cropping systems. Run-off
control and increased infiltration in the soil can be achieved by adopting any one or two or
more moisture conservation practicés’like bund former bunding, contour bunding, contour
trenching, b_ém:_h_terracing', levelling, contour cultivation, . tillage practices -and strip cropping
etc. Evaporation losses can be minimised by creating soil mulch or covering surface soil with
vegetative mulch or polythene mulch or providing wind bréak to reduce the wind velocity. Tn
the event of moisture stress, anti- transpirants can be used to minimise the transpiration losses.
Efficient use of limited moisture can be achieved by selecting the most efficient crop and variety.
Preparation of land in a short time for placing the seed in oist zone facilitates in getting

optimum stand of the crop. Early planting results in bett@cedling vigour, and free from pests -
i

and diseases. Inter-cropping is the most common p in dry farming regions not only to
safeguard against complete failure of one single grop, by to ensure more production per unit
area by effective utilization of resources. Sequ g&opping is possible in high rainfall regions
and in soils having better moisture holding ¢dggcity. Fertilizer application helps the crops to

_withstand drought better than unfertilized crop. The-amount of fertilizer application should be -
based on the amount of rainfall and moisture storage capacity of the soil during cropping season. '

Application of fertilizers through band placement increases the fertilizer use efficiency. Control
of weeds is of greater significance in dry land agriculture, as there will be severe compctition

between weeds and crop, for the limited moisture supply. Alternate crop planning needs to be

formulated under aberrant weather conditions in relation to soll characteristics of the region.

8.7. CHECK YOUR PROGRESS: MODEL ANSWERS

1 . Precipitation-Potential Evapotranspiration
* Moisture = = x 100
: ' Potential Evapotranspiration

2. The growing of erosion resisting and erosion permitting crops in strips at right angtes to the
natural stope is known as strip cropping.

3. The important variations in the rainfall from the normal pattern are: (a) long gaps in the
rainfall, (b) delayed onset of the monsoon and (¢) early stoppage of rains. '
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8.8, MODEL EXAMINATION QUESTIONS

L. Answer the fi:_vllowing' questions in about 30 lines each.

1.

2

11,

o W N

- Give tfie characteristics of crops and varieties suitable for dry farming tracts.

—

Describe the moisture conservation practices which reduce the run off water in slopy lands.

How are different mulches effective in reducing the evaporation and conpserving soil moisture?

. Give brief account about some of the materials used for mulches.

Give the cropping systems under different rainfall and soil types.
How is fertilizers application important in drytand -agriculture? What aspects should be

considered in recommending the doses of nitrogen, phosphorus and potassium?

Answer the following questions in about 10 lines each.
What is diy farming? What are the principles of dry farming?
Discuss the role of tillage practices on moisture conservation.

Describe the different ways of reducing the transpiration losses with examples.

‘What measures do you suiggest at various stages.

=N

) In case of prolonged dry spells during crop growth.
iy In case of early withdraw] of monsob@



UNIT-9: PLANT NUTRIENTS
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9.1, OBJECTIVES

By the end of this unit you wilt be ablc to; _ L o .
list cut the essential elements for the growth. and deveiop ent of higher p!ants,'. .
dlstmgmsh betwaen the micronutrients and macronut \3

‘describe the physiologicat ro[e of essential nutner;%63

describe the deficiency symptoms of essential ts in: Dlants

U

~ expiain the symptoms of toxicity of cssentl@emcnts

9.2. INTRODUCTION

All the living organisms are capable of taking up substances from the environment. These
substances are used by plants for the synthesis of their own cellular components or as an energy.
The supply and absorption of chemical compounds needed for growth and metabolism may be -
defined as nutrition. The chemical compounds required by an organism are called nutrients..
Green plants obtain the essential nutrients exclusively in inorganic form, which aie usua!iy :
referred to as essential elements.

A strict definition of essentiality is not simple, though attempts have been made to develop a
definition of essentiality by several workers; as the requirements for essentiality imposed by these
definitions have frequently been found to be too rigid, more useful definition of ‘cssentiality’
proposed by D.J. Nicholas is employed. Nicholas has suggested the term ‘functional or metabolism
nutrient’ be used to include any minerat element that functions in plant metabolism whether or
not its action is specific. This definition avoids confusion that some times occurs. where rigid
criteria of essentiality are imposed, which say, that oné element is essentiality and symptoms (‘f
its deficiency can be prevented by supplying that particular element.

9.3. ESSENTIAL CRITERIA

1. Not all elements are required for afl plants but all elements have been found to be essential
for some plants. -
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2. An element is c0n51dered essentiat for a plant if the plant fails to grow to complete its life
: cycle

3. An element is considered essentlal for a plant if it is shown to bea consntuent of a molecole
which is known as an essentjal metabohte whether or not its action is specific.

4. 'When a certain nutrient is deﬁcxent the plant produces acute deficiency symptoms whlch can
be corrected by the supply of particular elements or a substitute. .

Twenty chemical elements are known to be essential for the growth and development of

higher plants. They are: Carbon (C), Hydrogen (H), Oxygen (O), Nitrogen (N), Phosphorus
(P), Potassium (K), Calcium (Ca), Magnesium (Mg), Sulphur (S), Iron (Fe), Manganese (Mn),
‘Boron (b), Zinc (Zn), Copper (Cu), Molybdenum (Mo} and ‘Chlorine (CI). In addition, other
elements such as Sodium (Na), Cobalt (Co), Siticon (S) and Vanadium (Va) have been shown to
be essential to certain higher plants. Most of the essential elements are called mineral elements
as they are derived in the form of inorganic ions from mineral constituents of the s01l Thus, afl
the above elements except Carbon, hydrogen and ‘OXygen are mineral elements.

Carbon and water (in the combined form of oxygen and hydrogen) constitute about 93%
or more of the weight of a plant. The plant obtains carbon and oxygen from the atmosphere.
Hydrogen is derived, either dlrectly or indirectly, from the soil water. The remaining mineral
nutriegfs are absorbed by plants from the scil. However, leguminous plants can ﬁx and utxhze
mtrogen from the atmosphere through root nodule bacteria, . :

94. MACRONUTRIENTS

Six mineral nutrients out of the 20 esseﬁ@ plant nutrients, viz, N, P, §, K, Ca and Mg are
needed by plants in relatively large am Thus, the essential amounts required by plants
in relatively higher amounts are; eal croelemenfs ‘Potassium, calcium and magnesium
are present in soils as cations ( Mg *) and nitrogen, phosphorus and sulphur are
normally present as anions (N 2P0 S0,47). Sometimes, the term macronutrient refers
to the chemical form in Wth acroelement is ava:[able to-plants. Nitrogen, Phosphorus and
Potassium are known as primary or major plant nutrients. Calcium, magnesium and sulphur are
the secondary nutrients. This division is mainly based on their abundance. The major nutrients
are utitized by plants in considerable quantities, :

i.lieek Your Progress - 1
Give the list of macronutrients in plants. -
Note: (a) Write your answer in the space given below

{b) Compare your answer with the cae given at the end of this unit,

R R T,
L R R R R R R R R R R
'oaun-.----..aoc------..c---------.:o----.--'o--..4--'--.-'o--.aao----.-- -------------

R L R R I I R R R R N R T T T,

9.5. MICRONUTRIENTS

The other essential elements, boron, chlurme copper iron, manganese molybdenum and
zinc are utilized by plants in very small quantitles Hence, the elements that are required in
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relatively small amounts are called micronutrients. These are sometimes known as ‘minor’ or
‘trace’ elements. Microelements are available to plants in different chemical forms, usually referred
to as micronutrients. They are available to plants either as inorganic ions or undissociated
molecules or organic complexes. - The different undissociated molecules or ions are H4BO4
(boric acid), CI” (chioride), Cu*™ (cupric), Fe** (ferrous) or Fe*™* (ferric), Mn*" (Manganese),
MoO," (molybdate), and zntt (zinc). : .

Considering the role ﬁlaycd by various essential elements they can be grouped as follows.

. Main structural elements of plant tissues. (1) Carbon (2) Hydrogen (3) Oxygen.

. Accessory structural elements of plant tis- (4) Nitrogen (5) Phosporus (6) Sulphur.
sues. _ ' C

. Regulators and carriers of plant food ele- (7) Potassium (8) Calcium (9) Magnesium.
ments. '

. Catalysts and activators. . (10) Iron (11) Manganese (12) Zinc

(13) Copper (14} Boron (15) Molybde-
num (16) Chlorine (17) Cobalt (18) Sodium
(19) Siticon (20)_ Vanadium.

9.6. PHYSIOLOGICAL ROLE OF ESSENTIAL NUTRIENTS

Nitrogen

1.
2.
3

It is an essential constituent of chlorophyll, proteins, aminoacids, alkaloids and protoplasm.
1t prorhotes vegetative growth. '

Tt imparts a dark green colour and the plant bccomes@mculent.

Phosphorus _ Q"

S L

Itisa constit'uent' of nucleic acid, phytin angamspholipids and enzymes. -

1.
2. It stimulates root development, increases the tiller mumber and gives strength to straw and
- prevents lodging of the crop.

3. It hastens ripening and counters the effect of excess nitrogen.

4. It improves the quality and yieid of grain.

5. It increases disease-and pest-resistance.

6. Tt enhances the activity of Rhizobia bacterium and increases the formation of root nodules
in Legumes. . :

Potassium
It is not a form of any plant constituent but its presence in cell sap imparts vigour-and disease
resistance to plants. o :

2. It helps to reduce in cereals by producing stiff straw. _

3. 1t is essential for potato and sugar beet crops as it increases the efficiency of manufacturing
sugars and starch. :

4, Ttis an activator of many enzymes in protein synthesis and carbohydrate and nucleic acid
metabolism. _ .

5. 1t is involved in adjustment of stomatal movement and water refations in plants.
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Calcium

1. 1tis a constituent of Cell wall, and hence it is responsible for inducing stiffness in straw and
early root development and growth,

2. It provides the basic material for neutratization of organic acid.
3. It encourages seed production.

4. Calcium prevents lnxury consumption of potassium,

Magnesium
L. Itis a constituent of chlorophyll.
2. Tt aids in the uptake of phosphorus and regulates the uptake of other nutrients,

3. 1t helps in carbohydrate translocation,

Sulphur _
1. It kelps in chlorophyll formation even though it is not a constituent of chlorophyll.
2, Itisam essential constituent for many proteins, enzymes and certain other volatile compounds.

3. Tt stimulates root growth, seed and nodule formation.

Iron

- It is not a constituent of chlorophyil, bu@essential for its formation and also for synthesis
of proteins and several metabolic reacti%

Manganese ?\

This acts as 4 catalyst, and Ja s%in chlorophyll formation. 1t is an activator of many enzymes,

Zinc
It is a constituent of many enzymes. Hence, it is essential for a number of enzymic reactions.

It also helps in the formation of growth hormones and chiorophyll.

Copper

It is a constituent of certain proteins and it activates a group of oxidizing enzymes. It is
known to act as an ‘electron carrier’ in enzymes,

Boron

It acts as a regulator of K/Ca ratio. It is intimately related to the absorption of nitrogen
and is necessary for cell division. It is involved in the uptake of eaicium and its efficient use by
plants, .

Molybdenum

It is intimately related to nitrogen metabotism of plants. It acts in the enzyme systen: which
is responsible for reducing nitrate to ammonia prior to amino acid and protein synthesis, it is

" also essential for nitrogen fixing organisms.
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Chliorine

It is considered essential for pho'tosynthetic process. Plants require one Kg of chlorine for
every 4 tons of dry matter.

Sodium

It has been knowri for years that it can stimulate growth or increase the yield of several crops
like, sugarbeets, table beets and turnips. it is reported to influence water relations in sugar beets
and to increase their resistance tn drought.

Silicon

It is required for rice, and other crops like cucumbers, barley etc. Silicon is reported to
increase the length, number of stems and fresh and dry weight of rice when they are grown in
nutrient cultures.

By application of calcium silicate sludge, significant increase in the growth of sugarcane has
been reported on highly weathered tropical soils, containing small amounts of silicons, minerals,
and large amounts of iron oxides.

Cobalt

Responses of non-ieguminous crops to application of this clement have been reported by
several workers. Cobalt is required by Rhizobia for the fixation of elemental nitrogen.

Recentwork reported by Russian workers indicate that {:@%n, beans and mustard will respond
to the applications of cobalt, It is said to Iraprove the @'t of plants. In cotton, decrease in
number of fallen squares, and increase in boll number, attributed to the addition of cobalt.

Vanadium Q *

1t is considered an essential element fo%een algae. Some workers reperted increased
plant growth in higher plants viz. asparagus, ricé, letiuce, barley and corn-which is attributed to
Vanadium.

Though crops differ in their nutrient requirements they need a!l the 17 nutrients from the
soil. If any nutrients in short supply the growth and yield of the crop is limited by the essential
element present in the least amount as shown in the diagram.

Check Your Progress - 2
Explain the importance of iron in the physiology of plants.
Note: (a) Write your answer in the space given helow.

(b) Compare your answer with the one given at the end_ of this unit,
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Fig.9.1. Diagram showing the crop ydt¥imited by some deficient nutrient. Ne nuirient
should be limiting to get highest possitie yield. In this example if nitrogen, phosphorus
and potassivm are  supplie co?iper and zinc will be the next limiting nutrients.

9.7. SYMPTOMS OF DéﬁCIENCY

Severe deficiencies of individual essential elements produce a set of characteristic effects
in the external appearance of leaves, stems, roots, blossoms and fruits. Visual symptoms of

-mutritional deficiency include stunted growth, chiorosis, mottling of leaves, abnormal curling of
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leaves, leaf discoloration, necrgsis, premature senescence of leaves and blossoms. The following
is an account of visual symptoms of deficiency of individual essential elements.

Nitrogen

When plants are deficient in nitrogen they become stunted and yellow in appearance. This
yellowing usually appears first on the lower leaves, the upper leaves remaining green. The mature
parts of the plant are first affected because nitrogen is transtocated from the older to the younger
actively growing regions. Flowering is reduced.

Sulphur

Deficiency symptoms of sulphur resemble those of nitrogen dcficiencies. However, unlike
nitrogen, sulphur does not appear to be easily translocated. The leaves are light green to yellow,
appearing first along the veins of the young leaves. The stems are slender.

Phosphorus

Particularly in cereals, the shortage of phosphorus will cause marked f'eduction_ in plant



growth. Young plants are stunted. under severe deficiency of phosphorus. Dark green or blue-
green foliage is one of the first symptoms of phosphorus deficiency in many species. Often,
anthocyanins develop along the veins. Fruits ripen slowly.

Potassium

~ The deficiency symptoms usually appear first on the lower leaves of annual plants and progress
towards the top. The leaves are dark blue-green to pale green with raarginal chiorosis and
under necrosis appearing first on oid leaves. Growth is subnormal and under severe conditions,
terminal and lateral buds may die: Potassium deficiency is associated with a decrease in resistance
to pests and diseases. '

Magnesium

~ Magnesium deficiency symptoms first appear on the lower leaves and in many species of
plants it results in interveinal chiorosis of th.e leaf in which only the veins remain green. Severely
affected leaves may wilt and shed or abscise without the wilting stage. Brittleness of the !eaves
is common and necrosis often occurs.

Calcium

The deficiency of calcium stops the development of «rminal bud; plant growth ceases in
the absence of adequate supply of calcium. Leaves are chlorotic, rolled and curled. Plants fail
to develop due to failure of terminal buds. Roots are poorly developed and they are prone
to infection by bacteria and fungi. In corn, deficiency of calcium prevents the emergence and
unfolding of the new leaves. 0 '

Iron ' O

A deficiency of iron appears on the young leave o%‘[’ants. It is most frequently seen in crops
growing on calcarious or alkaline soils. Many croéxhibiting deficiency of this element are blue
‘berries, sorghum, soyabeans, straw berries, ve@b ¢ crops and ornamentals. The young leaves
develop an interveinal chlorosis which progresse¥ rapidly over the entire leaf. In severe cases the
leaves turn completely white. Interveinal chiorosis appearing first on young leaves is the most
striking symptom of iron deficiency. All aerial parts become chlorotic and often necrotic. The
leaves may be completely bleached, the margins and the tips are scorched.

Manganese

The leaves often show an interveinal chlorosis, with veins green and leaf web tissue yellow
or white, appearing first on young leaves, This mottled chlorosis may spread to the old leaves.
The stems are yellowish green which are often hard and woody. Carotencs are reduced Plants
are badly stunted in severe cases of deficiency. :

Zinc

Deficiency of zinc was observed in corn, sorghum, rice, cotton, vegetables, leg;{mes, -and
citrus. Zinc: deficiency leads to "little leaf” and ‘rosette’ in fruit trees, Leaves are chiorotic
and necrotic, sometimes with premature shedding of leaves. Flowering and fruiting are much
reduced under conditions of severe zinc deficiency.

Copper

Copper deficiency was retorted on crops growing on peat and muck soils. Wilting of
terminal shoots takes place, frequently followed by death. The leaf colour is often faded due
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to the reduction of carotene and other pigments. Flowering and fruiting are curtailed. Copper
deficiency causes iron accumulation in the nodes of corn plants,

Molybdenum

Interveinal chlorosis and mottled appearance are the major symptoms with molybdenum
deficiency. Leaf blades become necrotic. and disintegrate, leaving only a much reduced strip
along the midrib resulting in the symptom known as ‘whiptail’.

Boron

Deficiency of Boron is reported in citrus fruit. Terminal leaves are necrotic and shed
prematurely. Tissues of plants with this deficiency appear hard, dry and brittle, Roots are
short and stubby. Plants are dwarfed and stunted. Flowering and seed production are severaily
affected, or lacking. In citrus, the peel is uneven in thickness, the fruit is lumpy, and gummy

- deposits can be seen on the fruit. -

Chlorine

In the heat of the day, the tips of the young leaves wilt and dangle down, Wilting is followed
by chlorosis, bronzing and necrosis. Under severe conditions of deficiency, plants are spindly
and stunted.

Check Your Progress - 3
What are the deficiency symptoms of Zinc_in Plants.-
Note: (a) Write your answer in the space givesf below.

(b) Compare your answer with%hk e given at the end of this unit,

..................................................................................

..................................................................................

'98. MANAGEMENT OF DEFICIENCY SYMPTOMS

iGe

wntferent diagnostic techniques along with soil-test results are useful in identifying and
correcting the factors that limit yield and quality. In general, deficiencies associated with plant
nutrients can be remarkably alleviated by maintaining soi fertility in the foliowing- two principal
methods (a) Addition of organic matter to the soil, so that through decay, it may furnish a more
or less continuous supply of nutrients for crops and (b} Restoring or increasing the amount of
deficient nutrients by the application of fertilizers. Once the deficiency symptoms are recognized,
the microelements are usually applied in the form of commercial fertilizers, On the other hand,
micronutrients conld be applied to the soils or directly to the crops in various ways. Three
methods, viz., scil applicaiion of materials containing micronutrients, spraying of nutrients on
plant foliage and addition of micronutrients through mixed fertilizers, have been more often
used in the field crops due to their simplicity and ease in the application of desired amounts
in one or two applications, In the other methods, such as seed soaking and seed coating, the
amounts of micronutrients applied, usually are too small to suffice the siceds of the growing
plants throughout the season, :



9.9. SYMPTOMS OF TOXICITY OF ESSENTIAL ELEMENTS

Several characteristic symptoms associated with toxicity of mineral elements are expressed
in the external morphology of plants. The tolerance capacity of 2 plant species to an element
and the toxic effects are determined in solution culiure studics.

In saline soils where SO~ concentration is about 5§ ppm, plant growth is adversely affected,
with the leaves, dark green in colour. Extremely high phosphate levels in the root medium can
depress growth. The reduced growth effects may well be dependent on phosphate retarding the
uptake, the translocation of some of the micronutrients including Zn, Fe and Cu. Manganese
toxicity symptoms are generally characterized by brown spots in older organs and by an uneven
distribution of chiorophyll. 'The toxicity is often accompanied by Fe deficiency symptoms.

Zinc toxicity results in a reduction in root growih and leaf expansion which is followed by
chiorosis, High levels of Zn depresses the uptake of ¥ and Fe. Chisrosis is the commoniy
observed symptom of Cu toxicity resembling Fe deficiency. This may be due to the displacement
of Fe from physiologically important centres. Toxic effects of boron results in jeaf fip yeliowing,
followed by progressive necrosis. The leaves are scorched in appearance and drop prematurely.
The symptoms of chiorine toxicity include burning of leaf tips or margins, bronzing, premature
yeilowing and abscission of leaves.

Manganese toxicity is reported in Cotton, crinkle leaf in tobacco growing on extremely acid
soils, The condition can be.correcied by applying lime to the soif to bring the soif pH upte 5.5
0f Iore.

O
9.10. SUMMARY o >
Twenty elements are known to be involved lant nutrition. Plant nutrients can be divided

into two groups - macro and micro matrients. Plant nutrients can also be classified according
to role played by various essential elemenis. Plant nutrients can also be divided into groups
based on their similarities in biochemical behaviors. All elements absorbed by the planits are not
necessarily essential to plant growth. The term fanctional or metabelism nutrient was introduced
for including any element that functions in plant nutrition, regardiess whether its action is specific
or not, Depending on the availability of nutrients, plants develep either deficiency or toxic
symptoms. By adding bulky organic manures the deficiency of micro-putrients can be avoided.
By suppiementing the fertilizers containing the deficient element, either by application fo the
soil or by foliar spray, the mtrient deficiency in plants can be corrected.

9.11. CHECK YOUR PROGRESS - MODEL ANSWERS

1. The macronutrients are (1) Nitrogen, (2} Phosphorus (3} Sulphur (4) Potassium (5) Calcium
and (6 Magnesium

2. Tron is essential for the synthesis of Chlorophyll and proteins and also in several metabolic
reactions.

3, The deficiency of Zinc ieads to’ little feaf and rosette in fruit trees, chiorotic and necrotic

symptoms on leaves which leads some times to their premature shedding. Under severe
deficiency conditions flowering and froiting are very much raduced.
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9.12. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.

1. 'Write a brief account on classification of plant nutrients.

Describe the symptoms of deficiency of essential elementé.

Describe the symptoms of toxicity of essential elements.

2,
3
4. Write an account on the management of deficiency symptoms.
5.

Write an account on the physiological role of macro-essential elements.

II. Answer the following questions in about 10 lines each.

1. Write briefly about the macrorutrients.

N s wN

Write briefly about the micronutrients.

Describe the deficiency symptoms or nitrogen, phosphorus and potassium.
Write briefly the elemental toxic symptoms in plants.

Comment on the management ot elemental deficiency in plants.

Describe briefly the physiological role played by nitrogen on phosphorus

Describe briefly the physiological role played by potassium and calcium.
AN

9.13. GLOSSARY

O\}

Antagonistic

Chlorosis
Defoliant
Deflocculation Agent

Dessicant

WJ%rtwo herbicides are mixed together or applied one after
er, will show a negative resultant effect, than when

% gey are applied alone,

EC (Emulsifiable Con- :

centrate)

Epinasty

Formulation

Inverse emulsion

Persistence
Soil sterilant

Synergistic

(1]

Loss of chlorophyll from the leaf,
That chemical which makies the plant drop leaves.

Chemical which prevents settling of herbicide at the bottom
of sprayer (on container),

A compound that promoter dehydration of plant tissues,

When a toxicant is dissolved in an organic solvent and an
emulsifying agent is used the resultant product which can
be sprayed with water or with oil for dilution purpose. It is
called emusifiable concentrate,

Curling or twisting of leaves. '
Commercial preduct in which the basic chemicals are present,
that can be used for direct use. _

If wateris dispersed in oil itis called inverse emulsion.

The residual effect of applied chemical in the soil even after
the crop is harvested.

A chemical that prévent the growth of vegetation on the soil
to which it is applied. It may be temporary or permanent.

‘When two herbicides are mixed or sprayed one after another,
gives the resultant effect, that when they are sprayed alone,
is called synergistic effect, '



Swath : The width of the area that can be covered by the chemical
when the tigger of the sprayer is pressed.

Toxicity : Degree at which something is poisonous.

Vapour drift H The chemical will be carried away from the point of appli-
cation due to high wind, high pressure etc. This is called
drift.
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UNIT - 10 RICE (ORYZA SATIVA)
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10.1. OBJECTIVES

By the end of this umt you will be abie to :

describe the climatic conditions necessary for rice cultivation,

list out the rice zones of Andhra Pradesh, o

describe the method of sowing of rice seeds,

describe the method of preparation of main field and transplanting of rice seedlings,
explain the water and nutrient requirement of rice,

describe the three important groups of rice Variefies.

List out the recommended _ricc varieties for different zones of Andhra Pradesh,

o R L o S

describe the symptoms.cansed by different pests and diseases and suggest the control measures.
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10.2. INTRODUCTION

Rice is the priﬁcipal'staple food of nearly half of the world’s population. Tt is predominantly
an Asian crop as 95 percent of it is being produced and consumed in South East countries
extending from Indo-Pakistan Sub-continent to Japan.

Rice is one of the most important food crops of India covering neariy 3% of the total annual
cultivated area in the country. Rice is grown in almost all the states in India but its cultivation is
mainly concentrated in the river valleys, deltas and low lying coastal areas of North-Eastern and
Southern India, in the states of Assam, West Bengal, Bihar, Orissa, Andhra Pradesh, Kerala,
Tamil Nadu, Karnataka, Madhya Pradesh, Uttar Pradesh, which together, contribute 97 per cent
of the country’s rice production, In Andhra Pradesh it is being grown in 3.89 million hectares
producing 6.45 miilion tonnes. Rice is uniguely adapted itseif to growing even in submerged
conditions as it possesses air tubes in the leaves, stems and roots that permit air to move from
the leaves to the root system, thus supplying sufficient oxygen required for the submerged roots
for normal respiration,

This.semi-aquatic of the plant altows it to be grown in many river basins and deltas of tropical
and sub-tropical Asia. These areas would undoubtedly be unable to support even one quarter
of their present population if rice is not cultivated in these areas. o

Highest yields of rice can be obtained with controlled water management to a depth of less

- than 10 cm. However, rice is being grown under upland conditions without flooding the fields
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and in Kolleru lake it is being grown in deep water conditions. No other leading or major food
Crop, except rice, is adaptable itself to such a ®'de range of climatic and soil conditions.

10.3. CLIMATIC CONDITIONg::}
A §

Climatic factors that influe e%r affect rice production are 1. Altitnde, 2. Latitude, 3.
Temperature, 4. Rainfall, 5. D gth or photo-period, 6. Wind, 7. Humidity.

103.1. Altitude

Rice can be grown from mean sea level in river valleys as in parts of Kerala state. It can
also be grown in Kashmir and Himalayan slopes. It has been observed that at higher altitudes
the average rice yields are higher than those obtained in the plains. However, rice grown at
1000 meters elevation will take two weeks longer to mature, and yield 10% more than the crop
planted at sea level.

103.2. Latitude

Evidence indicates that although rice is primarily a tropical and subtropical crop, best yields
are obtained in temperate regions only such as Ttaly (45° N), Northern Japan (38 ® N} or Australia
(38 © 8). In these temperate regions rice is entirely grown under assured irrigated conditions only.

Rice can be grown from tropics to sub-tropical warm temperate regions upto 40° North
latitude and between 70° to 140° East longitude. Highest rice yields are obtained between 30
© to 45 © North of equator. The evidence indicates that the average rice yields per hectare
generally increase as the countries are situated further away the equator.

10.3.3. Temperature _

Temperature is one of the limiting factors in rice cultivation in temperate regions of the
world. The temperature generally influences not only the growth duration but also the growth



pattern of the rice plants. The average temperature required throughout the life period of the
crop ranges from 21 to 35 © C.

10.34. Rainfall

The practice of rice cultivation is greatly influenced by the pattern of rainfall distribution. The
distribution pattern of the rainfall and the onset and withdrawal of the monsocon and distribution,
the extent of irrigation facilities available in different regions are the main factors governing the
extent of productivity and potentiality of the crop. Water is frequently stated to be the most
important single factor in rice production.

10.3.5. Day length

Photoperiodically rice is a short day plant. Based on the response to day length, rice varieties
can be classified into photosensitive and photoperiod non-sensitive varieties. From the experience
it has been found that all the long duration varieties are photo-sensitive and can be grown only
during the specific season. While short duration varieties are non-sensitive to photoperiod and
can be grown in any part of the year.”

10.3.6. Wind

Gentle winds are considered beneficial to rice production as CO, is replenished with new-
breeze. Heavy winds are detrimental especially at heading time,

10.3.7. Humidity

The most favourable humidity for flowering is 70@89% and flowering is inhibited at
humidity below 40% or above 90%. Y?"

Check Your Progress - 1 2
What is the average temperature required for r;e crop?
Note : (a) Write the answer in the space given below.

(b} Compare your answer with the one given at the end.

..................................................................................
..................................................................................

10.4. RICE ZONES OF ANDHRA PRADESH

Rice is cuitivated throughout Andhra Pradesh state under diverse, agro-climatic conditions
varying from completely rainfed to continuously irrigated or flooded. Based on these conditions
the state can be grouned into seven distint zones.

Zone -1 : This zone includes Coastal alluvial heavy soils represented by parts of East and West
Godavari, Krishna and Guntur districts, Rainfall is received in this zone both in South West
and North -East monsoon periods. The region is highly productive and is assured of irrigation.

‘

112



The medium duration varieties of 135 days are best suited for Kharif and for uplands a short to
medium duration are suitable,

Zone-2 (Srikakulam and Vishakapatniam Dist.) :Soils are light and the rice crop is irrigated by
river diversion channels and large number of tanks. Daring both the seasons a medium duration
variety of 130 days duration can be grown in this zone.

Zone-3 (Prakasham Dist) : Soils are ligh't, irrigation resources are"'extremely precarious. A
short duration variety of 130 days is quite suitable. Rains are received mainly during North-East
monsoon period.

Zone-4 {Cuddapah, Ananthapur, Kurnool and NSP Areas of Guntur) : Rainfall is very precarious
during South-West mansoon and hardly there is any rainfall during North-East monsoon. Short
to Medium duration varieties are best suited. :

Zone-5 (Chittore Dist.) :Rice is cultivated round the year making use of well irrigation. Soils are
light and water supply is from the wells. Rice blast is a problem whenever the rice plantings are .’
delayed i.e, when sown between. October and December. Short duration varieties are suitable
as they reduce pumping costs of irrigation water.

Zone-6 (Nellore Dist.) :This zone is predominantly North-East monsoon area. Hence the seasons
for the rice culture are also different from other areas of Andhra Pradesh. Blast (Pyricularia
oryzae) is endemic problem in areas where particularly rice is planted late and applied high doses
of nitrogenous fertilizers, Blast appears on folée upto grand growth stage and the necks of the
panicles are infected at flowering time, vm’u normally syncronises with high humidity and low
temperatures. Varieties resistant to bhlast ean help to increase the production. Predominantly
rice is grown under tanks and rese c?i%‘

Zone-7 (Telangana) :This zon@presents an admixture of areas like Nalgonda with assured
irrigation and other areas depending upon minor irrigation,

10.5. SEASONS

There _are' three main seasons for growing rice and these are named according to the time of
the harvest of the crop. The most important is the Kharif crop sown in June-July and harvested
in November and December (Winter rice),

1 st crop 2 nd Crop 3 1d crop
‘Coastal Andhra Sarva dalva Summer

(June-Nov.) (Nov-March) . (March-July)
Telangana Abi Tabi Kathera

(June-Nov.) (Dec-April} {(March-Tuly)
Rayalaseema Vanakaru ' Edakaru

{June-Dec) (April-May)

10.6. SOILS

Rice can be grown under fairly wide range of soil conditions. For successful rice culture,
the most important soil property is its ability to hotd water on the surface of the soil. Rice.can.
tolerate a fairly wide range of soil pH from 4.0 to 8.5 but is best grown within the iimit of pH
5.0 to 6.5. Most of the World’s rice is mainly grows on alluvial soils.
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The soils most suited for the cultivation -of rice crop are heavy neutral soils like clay, clay
loams and loamy soils as these suils ate capable of holding water for longer period for sustained
'good growth of rice erop. The most important soil groups under which rice can be successfully
grown in Indla are alluvial, black red, literate and lateritic, peaty and marshy’ smls

10.7. RICE CU:LTURE .

The method of rice cultlvatlon can be grouped into
1 Upland or dry cultivation
2. Low land or wet cultlvatlon

Upland rice refers to the rice crop grown on h1gher land hilt mdes or areas where neighér
1i'ngat10n nor any water retammg dcvlcc is available. It grows and matures just like any other
dryland crop. o

Tni genera[ lowland rice refers to at the rice grown on low lying areas where water can be
contro]led and retained to keep the soil constantly sumberged either by art1ﬁc1a1 1rr1gatlon or by
rainfall:

107 L. Methods of Sowmg

The common mcthods of sowmg of rice arc 1. Broadcasting, 2 Dibbling, 3. Drllhng

Brdadca'stmg In areas, Where rains set in carly, the soil is ploughed to puiverise the soil and
~ to supress the weeds. The clods are crished with the help Ide harrows or wooden beams.

When the monsoon sets in, the seed is broadcast and €overed in the soil to a depth of 5 to
10 cm. It was found to be advantageous if the seeds oaked for six to eight hours prior to
sowing as the germination will be hastened, Q.?‘ ' ‘

Dibbling : The practice of dibbling the seed @nd the plough at regular intervals is in vogue
in parts of Tamil Nadu and Maharastra. The sprouted seeds can also be dibbled in lines when
the soil is puddled and levelled, The yield obtained by the dibbled crop is better than that of
a broadcasted one. Another advantage of dibbling is the uniform germination, resulting in an
‘even stand. In a dibbled crop the interculturing operations and rouging of wild rices can be
carried out with ease. It has been observed that a crop dlbbled in lines is able to resist drought
better than broadcast crop. - .

Dritling :Drilling rice is the most common method of sowing in certain parts of Karnataka,
. -Maharastra and Andhra Pradesh. This method enable the cultivator to cover larger area with
- a pair of buliocks w1th1n the limited sowing penod Drlllmg as the same advantages as that of
dibbling. : _ .

Direct seedling:

There are two methods of direct seeding of rice (i} Direct seeding under dryland conditions.
(ii) Direct seeding in wet land. In both the cases line sowing and broadcasting are practiced.

Dryt‘ feld Direct Seeding -

-Seeds of rice are sown dlrectly in the ficld either by broadcasting or by seed drill. In case of.
broadcastmg the gorru (the seed drilt without hopper) or guntaka (balde harrow} will be worked
to cover the seed properly. When the crop is sown by using the seed drill, the spacing between
the rows will be 15 to 20 cm. The depth of sowing can be adjusted and will be sown at 3 to §
cm depth. Seed rate used is 80 to 80 kg/ha.
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1.n

Wet Field Direct Seeding

After flooding the field, it is thoroughly puddled either with gountry plough or by using
tractor drawn implements. The field is leveHed by working with ‘manu’ the toothed harrows.
Then either dry seed or sprouted seed is broadcast on the top of soil by keeping thin film of
water. On the next day morning the water is drained from the field completely. Irrigation is
withheld tifl the soil becomes dry. After developing fine cracks in the field thin film of water is
let in and drained until the crop attains 10 to 15 cm height. Then onwards thin film of water is
maintained continuously and the field is not allowed to become dry.

Advantages of Direct Seeding

a) Saving of expenditure on seed bed preparation, plant protection of nursery, pulling, transport
and trasplanting.

b} Direct seeded crop matures 7 to 10 days earlier than trasplanted crop.

Disadvantages
a} Higher quantity of irrigation water is required.
b) Weed control becomes a problem in some fields where copious water is not available.

¢} The seed is exposed to bird and rat damage resuitihg in poor stand and lower yields.

- d) There is greater tendency for the crop to lodge because the base of the plants are not so

deeply set into the soil.

e} It is impossible to maintain a good stand\iaow lands particularly during monsoon as there
is no control on water and its manag@nt. '

f} Proper care is needed in adopting &timum seed rate, timely weed control, rational fertilizer
application and effective contr water management.

Conditions Favourable for Digec Seeding

1) Direct seeding can be adopted profitably in wetland rice where the size of the plots for rice
cultivation is small and perfectly levelled ensuring good control of irrigation water.

2) When the labour is in acute shortage during transplanting period, it cuts labour costs and
reduces the demand for labour during transplanting season.

3} Fecilitates raising of crop in time.

4) It comes to maturity a week earlier than trasplanted crop. Under lift irrigation system the
cost of vil for pumping water is reduced.

5} Direct seeding can be practiced when there is no serious weed problem.

6) The expenditure on raising nursery, puiling. transport and trasplanting is saved.

Dry Nurseries

In some places penning cattle or sheep or carting F.Y.M. during the summer is in vogue.
After preparation of the land, the seed is sown by broadcast. Heavy seed rate of 10 to 12 kg per
106 square meters is used. The nursery raised in 300 to 400 sq.m. is quite sufficient to transplant
in one hectare of tand. To utilize the meagre source of water, the dry nursery is raised by using
heavy seed rate in minimum area.. Dry nurseries are raised usually under wells and watering is
dere only when it is absolutely necessary. The seedlings are much harder and the growth can
be manipulated by cutting cut the entire water supply.



Advantages of Dry Nursery
1. Planting can be done at the right time for better yield.
Can be grown even inder limited water supply.

2
3. Nursery bed preparation is easy.
4. It requires little space.

5

Pulling is easy and the seedlings do not adhere to each other. This facilitates even planting
of single seedling when it is desired.

Seedlings get better established soon after planting.
These seedlings are harder and can resist the adverse conditions to some ex{ent.

The growth of the seedlings in the nursery can b= regulated according to the time of planting.

Disadvantages
1. The seedlings cannot withstand salinity and may result in severe chlorosis.

Not suitable for all fypes of soils - poor, hard and problematic soils.

2
3. They require ample time for field preparation.
4, Higher seed rate is to be used.

5

Seedlings are usually thin and pale.

D

In the case of trasplanted rice, the seeds gre first mn the nursery. When the seedlings
are about 22 cm height or § to ¢ leaf stage it is reﬁj r transplanting. In seme areas topping
of the seedling is in practice. After cutting the tpps the seedlings are trasplanted in the puddled
field. Topping of seedlings not only helps.to eli%te egg masses of many pests but also reduces
the traspiration rate through the leaves. Moreover it prevents young trasplants being blown away
by high winds before striking new roots.

The Wei Nursery

Preparation of Seedbed

In order to raise good and healty seedlings of rice, seed beds are carefully prepared with
dimensions of 1 to 1.2 meters wide and of any convenient Jength, The mud availabie in the
30 to 40 cm channel provided around the bed can be used for raising the fevel of seed beds.
These channels which are depended between the two beds can be uilized for draining water
from heds after sowing. The seed beds have to be manured heavily. Normally 5 to 10 cart loads
of farm yard manure or compost is spread over 1/25th of a hectare quite sufficient to trasplant
one hectare.

Seed Rate and Seed Treatment

For transplanting one hectare of land nearly 60 kg of seed is required. Before soaking the
seeds they have to be kept in a bucket of salt water (salt and water is in the ratio of 1:40} and
stirred well. All the sound and heavy seeds will go down and the cafe and half filled grains will
float. Thus the chaff and half filled grains can be separated and removed. Then the heavy seeds
in the bottom of the bucket are thoroughly washed with water to remove traces of sait.

These seeds have 1o be treated with thiram or ceresan at the rate of 2.5 grams per kg of seed.
The treated sced is kept overnight in a gunny bag in a dark place. By next day evening the seed
will sprout ard then sceds are broadeast in the nursery bed keeping thin flm of water. The next
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day the seed beds are drained completely and the beds are irrigated when ever the fields develop
air cracks. A thin film of water is applied wherever it is necessary and immediately drained.

After growing to a height of 8 to 10 cm, a thin film of water is maintained throughout the
nursery period. Fertilizers at the rate of 1to 1 1/2kg P, O gand 12 kg K 20 to be applied
for every 1000 sq. meters of seed bed. A top dressing with 10 to 20 kg N/ha can be given if the
growth of the seedlings is not satisfactory. :

Recommended Seed Rates

a) Transplanting, 50 to 60 kg/ha.

b} Broadcasting, 80to 100 kg/ha.

¢) Dibbling/Drilling, 80 to 90 kg/ha.

Advantages of Wet Nursery

Any type of soil is sujtable.

Can be prepared in much less time.
Can be located any where in the field:

“There'is. saving in quiantity of

Gro“rthoftheseedlﬁ1g513qu1ck8 rong and:sird ings can be t'aisjcd:_.-' B

N A W

Can withstand slight salinity.. .
Suitable for first and second crops. {:}\)

Advantages of Transplanting ?"

1. Immediate establishment %h seedlings in the puddled soil.

This system permits raising‘ef healty and robust seedlings separately.
Permits weeding with ease, particularly wen planted in rows.
Permits optimum plant spasing, -

Permits efficient use of vatuable irrigation water particularly during Rabi season and partic-
ularly where the rice is grown under wells by lift irrigation under limited water supply.

o W

Disadvantages of Transplanting

It involves. extra. cost on'seed bed preparation; plant protection, pulling, transport and - -
trasplanting. It needs higher amount _.f,'l'abou'p"ﬁof--t-he-',ab:gvc_"iepe'r_a_tibris-when 'the 1abour-is-in
short supply. - - e SR SO

Conditions Congenial for Transplanting

Where adequate supply of irrigation water throughout the crop period is available.
In soft puddled soil,

Wheré thie weed problem is severe,

Where plant population cannot be maintained uniformly.

Where community nurseries are available for timely planting

Where it is not possible to take up plant protection measures to control pests and diseases
and nutrient deficiencies in the mainfield, the seedlings can be treated with less cost to
present pests and diseases and nutrient deficiencies. :

2N O o
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Check Your Progress - 2
What are the recommended seed rates of rice per hectare?
Note (a) Write the answer in the space gwen below.

(b) Compare your answer with the one given at the end: _

A
P o R T R R R R T R IR I N
........................................................................................
P

.........................................................................................

Age of Seeedlings
For short duration varieties - 3 to 4 weeks.

Medium to long duration varieties - 5 to 6 weeks.

Spacing
Duration of
Season the variety Spacing
Kharif 1st crop Medium duration 20x 15 cm
Short duration : 5x10em
Rabi 2nd crop Medium duration - 20x 10 em
Short duration g?.’ - 15%x 10 ¢cm
Summer 3rd crop Medium duration, 20x% 10 cm
“Short duration Q

15x 10 cm

10.7.2. Preparation of the Main Field

In sandy soils the field has to be ploughed to incorporate weeds and other stubbles into the
soil. Trimming bunds and plugging holes after cutting the grass on the field bunds is essential.
The field has to be levelled and water is let into the field. If green manure or green leaf manure
is applied, it is better to incorporate by using green manure trampler or APAU Puddler. For
proper decomposition of the green manure it has to be incorporated into the soil, for at least
10 to 15 days before trasplanting. For other type of soils, the field is flooded and puddled
_ thoroughly either with the help of country plough or by using tractor drawn cage weels and then

the field is levelled with the help of toothed harrow. As usual the bunds have to be trimmed

and crab and rat holes have to be plugged before puddhng the field.

10.7.3. Pulling and Transplantmg

When the seedlings are 15 to 20 ¢m in height they will be in the sixth leaf stage. This is
the proper stage to pull the seedlings. At the time of pulling the seedlings, great care has to be
taken to see that least injury is caused to the root system. After pulling the seedlings it is always
better to transplant them within 24 hours after pulling. Normally the seedlings that are pulled in
the previous evening aré utilized for trasplanting on the next day morning. In any circumstances

the putled seedlings should not be kept more than three days as the mortality of the seedlings

will be high and yield potential will be cansiderably reduced. Two to three seedlings per hill
have to be plantd adopting the recommended spacing as'per the variety and season of planting
to accomodate the required number of hills per unit area.
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1024, Gaplifling

Gapfiliing has to be attended to one week after transplanting. It is always better to use
the same age of seedlings for gapfilling. In a corner of the field it is always better to plant the
seedling in bunches adopting very close spacing. For gapfilling ‘some of the seedlings can be
pulled out and utilized. Normally if the portion of the nursery is available after planting the
field, the scedlings from this nursery can also be utilized for gapfilfing.

10.7.5. Weeding

Weeds are one of the major causes of low rice yields throughout the world. First weeding is
ie be carried out 20-25 days after planting. Normally this period synchronises with the first top
dressing of fertilizer Nitrogen. After draining the water a thin film of water is ajlowed before
application of fertilizer. Soon after the application of fertilizer it is always better to take up
weeding. In the process of weeding at least some nitrogen fertilizer which was applied as top
dressing can be incorporated by the women who are going round the field.

Chemical Weed Control _

For paddy Norsery : Spray butachlor at the rate of 1.85 to 2.0 kg ai. /ha, 2-8 days after
SOWINg.
¥or Direct Sown Rice

1. Pre-emergence application of butachlor, thiobencarb and Pendimethalin at 2.0 kg ai/ha,
combined with a manual weeding 6 weeksafter sowing.

Post craergence application of propa.ﬁ})to 3 kg a.i/ha, 20 days after seeding.

A combination of pre-emergence tion of either oxadiazon or nitrofen or molinate or
thicbencarb at 1.0 kg at/ha wi st emergence application of propanit at .75 to 1.5 kg

ai/ha,
Q

1) Pre-emergence application of butachlor (Granules or E.C.) at 1.25 to 1.50 kg ai/ha.

Z) Thiobencarb (Granuies or E.C.) and pendimethalin (E.C.) at 1.5 to 2.0 kg ai/ha as pre-
emergence to weeds, '

k]

[y

s

For Transplanted Rice

'} 2,4-DEE (Granules) or 2,4-D Na {W.P) at 0.8 kg a.i/ha as pre and post emergence respectively.
43 Anilopos 30% EC or 2% Granules at 0.3 to 0.4 kg a.i/ha applied at 4-6 days after transplanting,

10.7.6. Nutrient Reguirement
The data obtained by several workers indicate that large amounts of nutrients are needed
by a erop of tow land rice.

The mutrient ratio in the plant is not a good index of the fertilizers required by the crop. The
smount ¢f nutrient absorbed by the plants is governed by many factors such as variety, season,
sGH condizg'ons and chemical behavior of the soil nutrients. Hence, the only sure method of
determiining the amount and kind of fertilizers needed by a particular soil is by a combination
of actual field tests, soil analysis and uptake studies and experience on the farm.

Organic Manures

Crganic manures include plant and animal wastes which have low content of plant nutrients.
Fhey must first undergo decomposition before the nutrients become available to the plants.
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Organic nitrogen from green manure, however, is released faster and is effective as the inorganic
fertilizer. Rice straw and other organic wastes liberate nitrogen gradually throughout the season.
Besides the major nutrients , these materials also contain trace elements.

Crop Residues

Rice straw, maize stalks and other similar organié materiais are good sources qf plant
nutrients. For example, one tone of paddy straw in the form of stubbles gives about 3 {0 9 kg
Nitrogen/ha and 40 to 45 kg of potassivm besides other nutrients in minor quantities. However
the available nitrogen is released from paddy straw or from any other bulky organic manure or
crop residues only a few days before transplanting, the establishment of rice seediings is greaily
refarded as the residues contain high carbon in relation to their nitrogen conteni. Hence during
decompasition some of the available nitrogen in the soils utilized by the micro-crganisms and
hence the young seedlings are at disadvantage in respect of nitrogen availability.

The following ways may be adopted to prevent this competition :

a) Piough the organic manure under the soil and allow enough time to pass ic., Z to 4 weeks
before transplanting rice,

b) Apply readily available inorganic form of nitrogen {commercial fertilizer) at traspianting to
ensure adequate nitrogen supply for the establishment of seediings.

¢} Compost these materials before applying thera to the field.

Relative Efficiency of Forms of Nitregenous Yertilizers

Rice can use both nitrate (NO73) and ammonium (N, forms of nitrogen &fficiently.
However, in the early stages of the plant growth rice preferstefamonical form-under anaercbic
conditions because the NO’y forms are decomposed amﬁést by denitrification in the reduced
zone of the soil or jost by deép percolation. Thus ar submerged conditions ammonium
containting or ammeonium producing fertilizer 1% od source of nifrogen. There was no
significant difference among different arr‘mom taining nitrogen sources on equal nifrogen
basis. Ammonium suiphate and urea are of eq vaiuc because both supply nitrogen to the rice
. plant in the same form, NH*, 4

Method of Application

The efficiency of applied nitrogen in flooded soil is considerably improved i the sifrogen
fertilizer is placed in the reduced zone. Surface applications of ammonium fertilizers resulis in
rapid nitrification in the surface oxidised layer due to presence of abundant oxygei.

Once ammonical nitrogen is converted into nitrate nitrogen, it slowly percolates inio the
reduced fayer. Some quantity of nitrate nitrogen is utilized by the paddy roots ihat come across
and a portion of the nitrate nitrogen is leached down beyond the root zone. Major guantity of
nitrate nitrogen that reaches the reduced layer will under denitritication changes on account of
the anerobic bacteria and looses as elemen"ai nitrogen t the atmosphere,

If ammonical nltroge:z is placed in the reduced layer ie., 5 to 10 cm depth of the soll, the
ammonical nitrogen will be slowly available to the crop for a longer period as the nifrogen wili
not be changed to nitrate nitrogen and hence it wilf remain readily avaiiable to the plant. Niirate
sources are particularly unsatisfactory for preplant application because of an almost complete
foss of nitrogen through denitrification and leacking. howéver they can be used for tate top
dressing when the root system 1s well developed.

Time of Applicaiion

The recommended dose of fertilizer nitrogen is to be applied in 2-3 split doses depending
upon the duration of the variety and type of soil. For medium to leng duration varieties nitrogen
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is to be applied in three equal splits. The first 1/3rd dose of nitrogen is to be applied in the
last puddling so as to incorporate it thoroughly into the reduced zone. This dose of fertilizer
is necessary for establishment of the seedlings very quickly and for initial tillering. The second
1/3rd dose of nitrogen is to be applied 20-25 days after planting to produce optimum number of
tillers per unit area. The final 1/3rd dose of nitrogen is to be applied just before the primordia
initiation stage which helps to increase the number of grains per panicle and longer and heavier
panicles.

Depth of Application

~ Depth of placement of nitrogen fertilizer makes all the difference between efficiént use or
wastage. Ammonium sources of fertilizer nitrogen are more stable and effectively utilized by rice
plant in flocded soil when placed in the rediiced zone 4 to 5 cm below the soil surface, Nitrate
nitrogen is stable only in the oxidised zone and hence should not be applied in the reduced zone
as it will be denitrified and lost,

P-hosphorus

Many investigators around the world reported that lowiand rice crop fails to réSpond to
phosphate fertilization eventhough upland crops grown on the same soil show positive response.
The problem of posphorus nutrition is three-fold :

(a) Itis present in the soil relatively it small quantity,

(b) major part of phosphorus present in the soil is not readily available to the crop as it gets
bound to the soil complex. .

(c) even plant available forms get revert'ew to less available forms of phosphate soon after
application. Moreover only 25 to f applied phosphorus is recovered by paddy crop.
Phosphorus is required for ric the initial stages for root development and hence it
is increasingly absorbed by rlcéom planting to flowering. Greater portion is utlhzed for
tillering and elongation sta

Adeguate phosphorus in the soil is essential for nitrogen uptake and if phosphate is limiting,
plants do not grow normally and yields are depressed. When phosphate is deficient, hardly any
benefit can be derived by addmg other two nutrients, nitrogen and potassium.

Source of phosphorus

Of the inorganic sources, superphosphate and rock phosphate are most popular and bone
meal is also widely used in many countries. In low land rice soil there is relatively little difference
among phosphate sources, except in extremely acid or extremely alkaline soils. Super phosphate
is good source in all types of soils except those extremely acid. On acid soils rock phosphate
or bone meal is good. Bone meal and Rock phosphate are preferable in lateritic soils where
fixation 'of P is very high. In alkaline soils rock phosphate is inferior to other forms.

Method of Application
(a) Broadcastmg before last puddhng before p]antmg
-{b) Drﬂlmg into the soil,
(¢) Dipping the seedlings in slurry of mud with phosphorus.
(d) Application in a pellet form. '
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Time of Application.

Phosphorus should be applied early enough to ensure the development of good root system.
It is usually broadcast with or without mixing with surface soil. In some places soon after
broadcasting it is incorporated by wetland puddier before transplanting. As the rice | ‘ant takes
up the bulk of the phosphate during early stages at tillering and elongation stages.

Rate of Application

Increase in yield due to phosphate application upto 30 kg P04 /ha waé generaliy found,
where native phosphorus was low.

- In dwarf Indica varieties, phosphorus application was found to increase the grain yield
significantly in medium black, alluvial and hill soils in different tracts in India.

Potassium
The requirement of rice piant for potassium is much higher than for either nitrogen ot

phosphorus. About 80 to 90% of Potassium absorbed by the plant is found in the straw. If the
stubbles are properly incorporated there is no necessity to apply any potassinm.

“The greatest need for potassium is most likely to occur in sandy soils. Rescarch data ebtained
by several workers show little effect of potassium on low land clay soils. '

Source

Potassium fertilizers such as potassium sulphate or muriate potash or potassium magnesim
sulphate (scheonote) are alt satisfactory sources of potassium_

Zine Deficiency

Soil application of zinc sulphate before pIantiQ'm the rate of 50 kg/ha in every scason of
in afternate years will prevent the zinc deficie :

When zinc deficiency is observed in the standing crop spraying of zinc sulphate of the rate
of 2 gm in a litre of water corrects the zinc deficiency. Two to three sprays are needed at 5 day
intervals.

10.7.7. Water Requirements

The water réquirement varies according to the growing season, duration of the variety, type
of soil, preparation of the manifold and method of irrigation. The water requirement for v
crop ranged from 750 mm to 1250 mm for a medium duration variety of 130 days duwation.
About 86 per cent of irrigation water in Andhra Pradesh is used for production of rice. About
40 to 70% of water diverted to irrigation of rice is lost by deep percolation. Water is very
inefficiéntly used in rice production. Then production of grain (Kg/ha per mm of water) is only
377 in rice as against 13.4 in finger millet, 12.6 In wheat, 9.0 in sorghum 8.0 in pearl millet and

 maize and 9.2 in groundnut.

Studies all over the world indicated that soil saturation appeared fo be sufficient for good
yield under low atmospheric evaporative demand and or at higher water tables. 'Submergerfce
of rice crops not exceeding to 5 cm seems to be essential under high atmosphheric evaporative
demands. However coutinuous submergence has some advantages such as less weed problem,
fixation of atmospheric nitrogen due to blue green algae, the lower leaves get benefited tq the
reflections of light in water, increased availability of plant nufrients like phosphorus, iron,
manganese, sulphur, etc., regulation of soil temperature and teduction of labourlcos.ts. for
weeding. The main disadvantages are deep percolation losses, surface run-off, sulphide injury,

iron toxicity under reduced water logged conditions.
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Rice can be grown succcssﬂx!!y if the soils are saturated with water or with thinfilm of water

-retained on the surface soil. Shallow depth of water leads to considerabie saving of water which

can be used for cultivating more land. More than 5 ¢m depth of submergence has been found to
be 2 wasts. But {o follow this system of keeping shallow depth of water, and is to be propesly.
levelied and weeds are to be effectively controlled either by spraying herbicides or by hand
weeding particularly in the early stages of crop growth where the weeds may reduce the yield by
competing with rice plants for nutrients, space and solar energy. o '

Depth of Sulmergence

It 5 not 'necessary to submergethe land continuously to a depth of § ¢m throughout '_jthe'_ .
crop growth as different growth stages react differently. The following schedule can be followed _
for obtzining optimum vield, : L

Stage of the crop growth Depth of submergence in cm.

At fransplanting 24+ 1cm
2 days after planting to T'days

after planiing S+ 1cm

7 days after {ransplanting to

panicle initiation stage 24 Icm

panicle initiathon to 21 days

afier flowering. : S+ Icm

2} days after-flowering to Drain the water gradually from
harvest the field.

in heavy soils after puddling and levellin\it is better to leave the field for two days and
transglant rice by which time the soil will settfdown and shallow planting encourages optimum -
iilfering. After transplanting immediate ing is not advocated so as to allow the transplanted
sesdlings to settle down in the;puddl?&oih Hence, only two days after planting 5 + 1 cm of
water is given for creating congenigBinicro-climate jor early establishment of young transplants.

The moisture sensitive pe for rice are initial seedling, panicle initiation, heading and
fowering. During these pericdsYt is essential te have land submergence upte 5 + 1cm. The
water requirement for different field operations and growth stages of rice of 4 mediom duration
vatiety ave as follows:

Water require % of total water
Stage of growth ment in mm requirement,
40 322
200 1632
458 37.00
: 417 33.66
Vioworing o meturity, 125 10.00
Toial ' . 1240 _ 100.00

i2.7.8. Drgainage

Theugh rice is grown under submerged- conditions it responds well to adequate drainage.
Due {0 continugus growing of rice under submerged conditions the soil develops dit-drained
conditions. Rice grown in ili-drined soil is subjected to toxic effects of the reduced products
sizch as sulfides and rmethane, Further, the problem is more acute wen erganic matter content
of the 30i! is high,. The benefits of drainage is attributed to better acration and removal of toxic

: Cirainage i essentizl in heavy clay soils. Drainage in sandy soils leads to leaching
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of mutrieats. The best ime for drainage in all drained sofls s at [ate tillering stage. Drainage
exerts beneficial effects an the soils which produce abundent foxic substances and in the fields
where Jaige quantitics of green manures of green leaf manures are applied.

Mid SL&S!}H Dralnage

Tn fertiie soils receiving very h”avy doses of nitrogenous fertilisers annually or the fsids
which have very high naturai fertiflity status, the water is drained from the field at & maximtm
tillering stage for 3 te 5 days. It is known as mid season drainage. By following this method
of drainage the voots are kept physiclogically active. it also stimulafes extensive root systemt
penetrating down {o the jower layers. It chiecks excess vegetative growth and ¢ wﬂ‘lﬁprr‘en* of
unproductive tilers } BY TEMOVIng all ava;ianle nitrogen in the soil,

" This midseason drainage is not usually recornmendsd to be foliowed in avarage Indizn scils
as.the Indian farmer cunnet afford to loose much on appited fertilizer,

However it can be recomended in special cases like heavy ferifie soils where fhers is a
problem of ledging and in problematic soils where drainage is essential fo save the ecmp from
toxis aubstance ke suiphide. Soon after drainage the field is refiooded and last dosz of fertitizer
18 enpum, and thereafier the field is never altowed to get a1y, o

The crap 15 to be > harvested fhe ught s*a ‘at optimum moisture content (18%). I the
harvesting is detayed i the crop is dead ripe, wuch giain is lost due to shedding.

The milling Lt’E“T‘ij of the grain will be very badly affected qud the resui is broken rice. Rice
is stways harvested by emmployving women labour. After mrtm&e crop it is aliowed fo dry on the
field for three io four days and thers it is bundled and c@e to the threshing vard, Threshing
is doae by beating the bundles of sheaves against the?a flogr or piank. Tracter threshi rg i
becoming very common in delte areas and £his p s slowly spyeading tc vpland areas also.

After threshing, the o "(,JY i wipnowed, ed; and dried to a moisture jevai of 12 fo 14
per cent. Wel aried secd Wil b be stored in. moidure fre¢ containers or in gunay bags.

Detsils of varions paddy based eropiing systems followea {n Anidhira Pradesi,

Various rice based oy ,an*g systems followed In Andhra Pradesh are as follpws:

1. Srikal

Rice - Fuiza,

2. Vilavenapgars
Rige - Sngarcanse

Rice ~ Pulses

3. Vizag Disiriet
Rice - Sugarcane

Rice - Puises

4. Wast and West Todavari Districts

Rice - (Green gram or Black gram
!

ram or Black gram
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Krishna and Guntur Districts
Rice - Rice _
Rice - Sun hemp or Pillipesara (Phaseolus trilolus)
Rice - Pulses
~ Rice - Sugarcane

th

Rice - Gingelly

.6. Prakasam and Nellore Distﬁcts-

Rice - Rice
Rice - Fodder
Rice - Pulses

Rice - Groundnut

7. Rayélaseema (Kurnool, Cuddapah, Ananthapur and Chittoor Districts) and Mahaboohna-
gar District '

Rice - Groundnut

Rice - Sugarcane

Rice - Rice

Rice - Pulses 00

8. Nizamabad and Medak Distri'%:?”

~Rice - Rice %
Rice - Sugarcane
9. Warangal and Karimnagar
Rice - Rice
Rice - Pulses

Rice - Groundnut

10.8. RICE VARIETIES

Rice belangs to the genus Oryza and family Grammae The genus Oryza includes 27 accepted

- species of which two species of Oryza sativa and Oryza glaberrima are cultivated. All cultivated

varieties of rice in Asia, Europe and the Americas belong to the species Oryza sativa while many

. of the cuitivated varieties of the West Africa belong to the species Oryza glaberrima.
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There are nearly 8000 botanically different rice types that are recognized in the world of
which 4000 types are being maintained as genetic stock in Central Rice Research Institute, Cuttack.

Oryza sativa can be divided into three geographical groups. Oryza sativa var. Indica is
grown all over tropical regions. Oryza sativa var. Japonica is grown enly in sub-tropics and warm
temperate regions such as Spain, Japan, Ttaly, and West of USA. Oryza sativa var, Javanicas.
are grown both in. troplcs and warm temperate rcgmns of the woild.



10.8.1. Indicas

Mainly grown in tropics. They are generally tall (more than 150 cm), vigorus growing,
leafy, profuse tillering, late maturing, photosensitive and susceptible to lodging. They are niot
responsive to higher doses of nitrogenous fertilizers. They are low yielding and cannot stand
heavy fertilization. They have persisted for centuries in Tropical Asia because of their ability to

produce moderate but stable yield even under adverse conditions such as deep water and intense:

weed competition. They develop and adopt themselves fo conditions of low fertility and most of
them have grain dormancy. Several of them have genes of resistance to some of the major pests
and diseases. o ' ' -

10.8.2. Japonicas

JTaponicas are mainly grown in sub-tropical and warm temperate regions of the world. They
are relatively short with sturdy straw (resistant to loading), narrow, erect, dark green leaves
with persistant leaf sheath, medium tillering ability, photoperiod insensitive and can be grown
throughout the year regardless of planting season. They are highly thermo-sensitive, put forth
poor growth in tropics, respond to added doses of nitrogen with additional grain. No grain
dormancy and relatively difficult to trash with conventional methods. Susceptible to number of

virus diseases prevalent in tropicss Cooking and eating qualities are poor due to low amylase

kernals,

The plant characteristics permit light to penetrate i"ht"o:'iipw:t:r' regions of the plant which
results in more efficient light utilization, especially at higher levels of nitrogen.

The lack of photosensitivity and lack of grain dormancy in Japanica strains make multiple
cropping feasible on a commercial basis. - ' 0 R

10.8.3. Javanicas A {:} "

These are intermediate types and mostly'conﬁned%‘thc equatorial countries like Indonesia.
These are photoperiod insensitive or low photoSefsitive varieties have, very thick culm, non-
lodging, poor tillering. These are intermediat es to Indicas and Yaponicas, These are mainly
cultivated in tropics and warm temperate regiofis. These varieties have morphological resem-
blance to indicas but freely cross with Japonicas. : E : .

Check Your Progress - 3
Oryza sativa is divided into 3 geographical varieties. What are they ?
Note :(a) Write the answer in the space given below.

(b) Compare your answer with the one given at the end.

...................................................................................
...................................................................................
......................................................................................
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109. BREEDING FOR HIGH RESPONSE TO HEAVY MANURING

The task of firtding ways and means to increase rice production per unit area was taken up
by Indtan scientists. In this direction Japanese method of rice cultivation was practiced in India
to improve. the vigld ‘without much success as the traditional varieties used to lodge prior to
flowering causing heavy losses in grain yietd whenever higher doses of nitrogen is applied.
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The Japonica varieties when introduced in India proved futile because these varieties failed
to grow and tiller normally. They produced only one or two small earheads. The Japonicas
have thus been found to be unsuitable for directintroduction. It was thought that it might b
poassible to utilize them as parents for incorporating their valuable characteristics into the indicas
and develop strains which would combine the high-yield and responsiveness f¢ heavy manuring,
chiaracteristic of Japonicas with the hardiness and adaptability to tropical conditions. With this
objective in view, intensive programme of projects sponsored at CRRI, Cuttack, by the Indian
Council of Agricultural Research and the Food and Agricultural Organisation of the United
Nations for the benefit of the states in India and several other South and South-East Asian
conuntries.

In these two projects 710 Japenica, Indica cross combinations were made with 192 selected
Indicas from Indiz and several other Asian countries. Qut of these projects ADT 27 and 13-52
were released and tried in several places in Andhra Pradesh and found that these varieties alse
are snsceptible to todging under high fertility conditions and the farmers have not accepied these
varicties due to their poor quality.

The first break through came with the introduction of Taichung (Native) - 1. The yield potentist
of rice varieties of dwar{ statured, erect leaved, non-lodging, nitrogen responsive varieties are quite
spectacularly demonstrated by Taichung (Native} -1. Large quantities of poonali varieties, Chinan-
2, Tainan-3 ard Taichung - 65 were obtained and tried at several places. These poonali varieties
are Japonicas acclamatized in tropical countries with fertilizer responsive, fairly non-lodging but
poor tillering with poor grain quality. Hence, most of these varieties were not accepted by the
farming community and hence release of varieties by hybridization work was initiated in all the
research stations with Taichung (Native)-1 and other dwarf varieties like Deo-Geo-Woo-Gen
and Eteodge In the mean while IR -8 was developed and released by the Scientists working at
IRRI, Manila. Once again this strain gave the eWdence of the high potentiality of the need plant
type. With the release of IR-8 the tropigal, fafmer has a sturdy fertilizer responsive rice with
high potential for yield. Several crosses werfe made with indigenous Indica varieties and many
cultivars were developed. The varieties%s containing dwarf genes which are nitrogen respansive
desirable ptant type were released many research stations and they have replaced atmost all
the traditional varieties throughfQut rice growing regions of India. The nitrogen responsive piant
type varietlss have early vegetativ€ vigour, reiatively high tillering ability with short sturdy stems
that vesist lodging when high rates of nitrogenous fertilizers are applied. They are 5ot sensitive
fe photeperiod

There sie magy iraits which must be incorporated with the nitrogen responsive plant type
o meet the demands of the farmers and consumers of tropical Asia. They inciude:

1. Varigtions in growth duration to suit various conditions of the tropics.

2. Yarieties foai van produce optimum grain vield under low light intensities,
3. Toleranse to cold wedther.,

4, Redistance to leaf damage during typhoons.

5. Slow leaf scnescence,

6. Resistance to diseases and insect pests.

‘2. ‘Folerancs to deep water.

3. rain dormancy.

% Improved milling and cooking qualities.

Due fo higher amount of Nitrogen fertilizers use, o get the maximum production, many
pesty and diseases which were unknown or which were considered as minor pesss and diseases
came Info existonce.




For example, ifa} Rice tungro vicus in deltaic iracts.
(h} Rrown plant hopper in Gedavari and Krishna deltz.
{c) Sheath blight in Godavari and Krishna defia.
(&) Bacterial teft blight in all the rice growing tracts.

Research work is in progress to develop resistant varieties for all thie major pests and diseases
in all the rice research stations of Andhra Pradesh the reseaich work done st Agricuitural
Rescarch Stption. Mariteru yielded some varieties which are quite resisiant to brown plant
hopper and these varieties which are under adaptive trails are quickly spreading in Krishna -
Godavari delta areas.

1610, RECOMMENDED RICE VARIETIES FOR ANDHRA PRADESH

Andhra Region
Mashari, BPT 3301, BPT 3291, JET 5854, IET 6314, NLR 9672, NLR 9674, Jagannath,

Goutam, Vasista, Vilaya Mashuri, MTU 6024, MTU- 5656, MTU- 6280, MTU- 9416, MTU
3626, Jaya, PLA- 1100, Dhanya Lakshmi, IR-2{, IR-50.

Rayainsesma

Tellahanssa, TR-20, Jaya, LET 2508, Rajendra, Prakash, RP 143-4, IR -8, RNR 29692, Raasi,
Ratna, NUR 9672, NLR 8574 ' 0

Telangana (exciuding Warangéi) O

Tella Hamsa, Rajendra, Prakash, Rasi, Ratnd) Strekha, Jaya, 1104} 6717, IET 2881, RP

79-14 TET 143-4. %

Th

Warangal

15T 5656, MTU- 4407, Goutam, Vasista, IET 5854, WGL 20506, RNR 29692, Kakatiya,
Surekha. '

Yarieties Suitabie for Upland Areas

Tetiy ilansas, Rasi, Surekha, Jaya, Prakash, RP 79-23, IET 2508,

1611, IMPORTANT PESTS AND DISEASES

A, PESTS
1. Brows plent liepper {BPH) (Nilaparvata lugens)

Natupe of dgmags is hrownish to black in colour and beth adulis znd nymphs suck the
sap frora the base of the plant. The popuiation starts increasing from filiering io flowering. The
plants show orange yetiowish eolour 2nd siowly wrns fo yeliow and finally dry up. In the figld

drying of he plants starts in fsofated patches and spreads in circular tashion. The drving is calizd
‘Hopper burns. BIH fransmits grassy stunt virus of rice.
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Control : a) Spraying of chloripyriphos; (2 mi/litre) or Monocrotophos (1.5 mifitre) or
application of Carbofuran (10 kg/acre} eff-ectively controts BPH.. b} Growing resistant varieties
like MTU 2067, MTU 2077, MTU 5249, MTU 4870, MTU 5182, MTU 5293, IR 62 etc. wherever
is suitable,

2, Yellow stem horer (Scirpophaga incertulas)

Nature of damage : The iarvae first enters into leaf sheath and moves into central whorl and
subsequent feeding results in death of the whorl and it is called dead hear. The damage caused
in reproductive phase is called ‘white ear.’

-Control: (a) Spray chileripyriphos (2 ml/litre) or Monocrotophos (1 ml/litre) soon after noticing

stem borer aduit moths; (b) Dipping of the seedlings at the time of transplanting to avoid carry
over of eggs fo main field; (c) Harvesting crop close to ground level; (d) Ploughing the stubbles

. after harvest of the crop to destroy the pupae.

3. Green jeaf hopper (Nephotettix variscens)

Nature of damage : The nymphs and adults suck the sap from the leaves and the effected
plants turn yellow to orange. The affected plants are stunted and sometime the plants also die,
if the population is much. Leaf hopper transmits Rice Tungro Virus, Yellow dwarf, transitory
yellowing, etc. '

Control : (a) Spraying chloripyriphos {2 ml/litre) or Monocrotophos (1.5 miflitre) or Formaton
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(2 miftitre) or Zolone {2 mlflitre) application of carbofuran (10 kgfacre). (b) Removal of alternate
hosts like Echinocloa colour, E. crusgalli, Panicum triferon, etc.
4. Gall midge (Orseopis oryzae) 0

Nature of damage : In Gall midg L&du!t moth lays eggs near the leaf ligules and the
resulting maggot feeds on the shoo .P?Fl’:s results in suppression of central stem and then the
leaf sheath gets efongated and fro lls and it is known as ‘silver shoot’,

Controk {é) Spraying: Thioda%.s mlfitre) or Phosphomidon (1 mlflitre) and application of
carbofuran (10 ke/acre); (b} Seeding root dip in 0.1% chloripyriphos; (¢) Grow resistant varieties
like Phalguna, Surekha, Dhanyalaxmi. Vikram, etc., wherever suitable.

5. Lesf roller (Cnaphhalgcrosis medinalis)

Nature of damage :The larvae folds the leaves longitudinally and brings the two margins of
leaf together andwebs with skeleton threads.

It lives within leaf fold and feed on chiorophyll creating whitish membranous markings on
the leaves, which subseguently dry up.

Control: (a) Spray chioripyriphos (2 miflitre) Monocrotophos (1.5 miftitre); (b) Early clipping
of the infested leaves; (c) Application of moderate doses of Nitrogen fertilizer.

B. Diseases

1. Blast (Pyricularia oryzae)

Symptoms : The fungus atiacks leaves, nodes and neck of the panicle. It develops on leaves
as smali specks which slowly enlarge into spindle shaped spots of different sizes. The center of
mature spot shows whitish grey colour with brown margin,

The neck infection results in the breakage of panicle. This results in heavy yield loss.

Contrel: (a) Spray Edifenphos (1 miflitre) or Carbendazim ( 1 gllitre); (b} Judicious application
of Nitrogenous fertilizer; (c) Grow resistant varieties like Rasi, IET 2508, NLR 9674, IR 20 etc.



2. Brown spot {Helminthosporium)

Symptoms : Both leaves and grains are affected. The initial symptoms start as small brown
spots and enlarge te big oval spois. In severe cases the spots combine to form large paiches and
leads to necrosis. The grains are also affected and in very severe cases it may lead to chaffyness.

Control: (&) Spraying Carbendazim (1 g/litre} or Edifenphos (1 m#/litre); (b} Seed treatment
with Thiram or Ceresan at the rate of 3 g/kg of seed; {¢) Growing resistant varieties.

3. Sheath blight (Rhizoctonia so;'ahf)

Symptoms :The initial symptoms usually starts at the base of the plant starting from tillering
stage. The spots are greenish grey-and eniarge in length and becomes greyish white with brown
margins with irregular outline. In severe cases the fungus spreads to leaf laminae resuiting in
death of the leaf and sometimes in the death of whole plant.

Control: (a) Spraying Carbendazim ( 1 g/flitre) or Mancozeb (2.5 g/litre); {d) Removal of weed
hosts from the vicinity of rice crep; {¢} Judicious application of N- fertilizer depending upon the
severity of infection. '

4. Stem rot (Sclerotium oryzace)

Symptoms : The initial symptoms start as small, black irregular lesions on the outer leaf sheath
and the discolouration spreads up and down. It leads to excessive production of late liers at
the stem base and becomes discoloured and rotten. The affecied plants collapse due to wearing
of stem base and end up with less grain weight.

Control: (a) Burning of infested stubbies after- harvest; (b)Prying of soil by dry ploughing
the infested field; (¢} Avoiding flow of irrigation water affecied field to healthy one; {d}
Growing resistant varicties. g?..

Ny

5. Bacterial blight (Xanthomonas campest v, oryzae)

Symptoms : It starts as small greenish water soaked or yellow spot on the leaf tips or margins.
Then the infection spreads from tip downwards on the margins and show blighting appearance.
In severe cases the whole ieaf and portion of leaf sheath: also gets blighted and droplets of veilow
bacterial ooze are also observed.

Control: (a) Balanced application of N- fertilizers; (b} Growing resisian{ varieties like IET
4141, TET 4140, IR 20 etc.

8. Rice Tungro Virus

Symptoms : The disease is transmiited by Nephotettix sp. The initial symptoms start 7-10 days
after the leaf hopper transmits the virus, as yeilowing of leaf tips of lower leaves. The yellowing
symptoms changes to orange yellowish colour from tip {e downwards. In severe cases stunting
is also observed. The affected plants produce small panicles with discoloured and chafe grains.

Contrel: (a) Spraying chloripyriphos (2 miflitre) or Monocretophos (1.5 miflitre) or Formathion
(2 miflitre)} or application of Carbofuran (10 kg/acre) soon after observing popuiation of leaf
hoppers; (b) Growing resistant varieties tike IET 7563, IET 7530, IET 6301, 1ET 7302, Annapurna,
Ratna, efc.,

7. Sheath rot {Sarocladium oryzae)

Symptoms : The rot cccurs on the ieaf sheaths whick enciose the panicles. The initial symptoms
start as oblong or somewhat irregular spots with brown margins and grey centers. Sometimes
they may be greyish brown ihroughout. Under favourable conditions they enlargs and often

132



coalesce afid .may cover the whole leaf sheath. Depending upon the seriousness of damage, the
young panicles may remain within the sheath or only partially emerge. White to violet powdery
-growth of the fungus with sporés may be observed on the affected sheaths.

Control: (a) Spray Rdifenphos (1 mlfitre) or Carbendazim (1 glitre); (b) Seed treatment with
Thiram or Ceresan at the rate of 3 g/kg of seed to prevent seed borne infection,

8. False smut (Ustilaginoidea virens)

Symptoms :The fungus invades the grains and converts into greenish spore balls of velvety
appearance. Generally very few grains in a panicle are infected and hence the yield losses are
not significant.

Centrol: (a) The disease does not require special control measures,

Check Your Progress - 5
What are the causal organisms of blast and sheath blight diseases of rice?
Note :(a) Write the answer in the space given below.

'(b) Compare your answer with the one given at the end.

LR R R R L I I R R R O R

) . ~
10.12. SUMMARY <

Rice is the most 1mportant staple food crop of India being grown 1n almost all the states.
Rice is adaptable to a wide range of soil and climatic conditions. It is semi-aquatic in nature
and hence it is uniquely adapted for growing even in submerged conditions. Highest rice hields
are obtained between 30° ter 40° North and 30° South of equator. The temperature required
during the crop growth period is in the range of 21° to 35°C. Rice is a short day plant. The
short duration varieties are non-sensitive to photoperiod, can be grown at any time during the
year. The photo-sensitive varieties can be grown only during Kharif season. Rice can tolerate a
fairly wide range of soil pH from 4 to 8.5, but is best-grown within the limit of pH 5.0 to 6.5.
Rice is mainly grown on alluvial scils. The crop is sown by either broadcasting, dibbling, drilling
or by raising nursery and then transplanting in the mainfield. Upland rice is mostly sown by
drilling and the low land rice by transplantmg method. Transplanting of rice ensures optimum
plant spacing. The crop yields are high in transplanted low land rice compared to upland rice.
Seedlings'of .15 to 20 cm height at sixth leaf stage are ready for transplanting. Two to three
seedlings are planted per hill. Usually the first top dressing nitrogen coincides with the first
weeding at 20-25 days after transplanting. The first top dressing helps in production of good
number of tillers, while the second top dressing given just before the primordia initiation increases
the panicle size and grain number. Ammonium sources of fertilizer nitrogen is bettér than
nitrate rfitrogen.: Further the Ammonium are more stable and efficiently utilized by rice plant.
The recommended dose of phosphorus and potassium has to be applied before last puddling.
The water requirement of rice ranges from 750 mm to 1250 mm for.a medium duration variety
of 130 days. The moisture sensitive periods are, soon after transplanting of seedlings, panicle
initiation, heading and flowering stages. Maintenance of five cm depth of submergence in these
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sensitive periods are essential. Mid season drainage is essential in fertile heavy clay soils for
improvising soil aeration and removal of toxic substances. The crop is to be harvested when the
moisture content in the grain is 18 per cent. After threshing, winnowing and cleaning, the grain
. is dried to a moisture level of 12 to 14 per cent. Of the 27 accepted species of genus Oryza,
two species Oryza sativa and Oryza glaberrima are only cultivated. Indicas are tall, vigorous
growing, leafy, profuse tillering, late maturing, photo-sensitive and lodging susceptible. Indicas
have ability to produce moderate but stable yield even under adverse conditions. Japonicas are
mainly grown in subtropical and warm temperate regions of the world. Japonicas are short with
sturdy stem narrow erect dark green leaves, medium tillering, nonlodging, photoperiod insensitive
and fertilizer responsive. Lack of photo-sensitivity and grain dormancy in Japonica strains and
short duration Indica types make multiple cropping feasible on a commercial basis. Javanicas are
mostly confined to the equatorial countries like Indonesia.. Javanicas are photo-insensitive with
sturdy stem, non-ladging, poor tillering, awning tendency and course grain, Rice revaluation in
Indica started with the introduction of Taichung (niative)-1. Several varieties with desirable plant
characteristics were released from many research stations which had an impact on increasing
rice production. Tella hamsa rice variety is most popular in Telangana and withstands cold in
vegetative stage. Rasi rice variety can tolerate zinc and phosphate deficiency. Phalguna, surekha
and kakatiya are highly resistant to gall midge. The important pests of rice crop are : Brown
plant hopper, yellow stem borer, gall midge and leaf roller. The important diseases of rice crop
are : Blast, Brown spot, Bacterial blight and Rice Tungro Virus,

10.13. CHECK YOUR PROGRESS : MODEL ANSWERS

35°C.

2. The recommended seed rates of rice per hectare is ﬁ}) 60 kg for transplanting, 80 'to 100
kg for Broadcasting and 80 to 90 kg for Dibbling ?»Drilling.

1. The 3 geographical groups or varieties of OQ?B sativa (rice} are Indicas, Japonicas and
Javanicas, :

1. The average temperature required throughout the life perSd of rice crop ranges nmm 21°C

4, Blast of rice is caused by Pyricularia Oryzae and sheath blight is caused by Rhizoctonia solani,

10.14. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each,
Explain in detail the climatic factors that influence rice production?

2. List out the five groups of rice growing regions in India? Give the detailed account of
various rice zones of Andhra Pradesh?

3. Give the detailed account of wet land mursery in respect of narscry bed preparation, seed
rate, treatment, and advantages of wet nursery?

4. Discuss on water requirements of rice with special reference to depth of submergencc
and total quantity of water required at various stages of crop growth.

5. Discuss the fertilizer nitrogen to rice in respect of sources, method, time _and depth of
nitrogen application?

Write a detailed account on varietal improvement of rice:
Discuss the merits and demerits of Indica, Japonica and Javanica rice types.

8. What are the important pests and diseases of rice crop. Write in detail about their nature
of damage and control measures. '
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5.
10,

What are the various rice based cropping systems followed in Andhra Pradesh?

Give the nature of damage and control measures for the following pests of rice crop.

{a} Brown plant hopper (b) Yellow stem borer.

¥, Answer the fellowing questions in about 10 lines each.
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rizfly discuss the soils of rice growing areas?
Explain the precautions to be taken while pulling.and transplanting of nursery seedling,
Mention various conditions favouring the direct seeding.
Write down various conditions congenial for transplanting.
Give an account of the essentiality of mid-season drainage in problematic soils.
'ﬁ"-‘i.tc the chemical weed control for transplanted rice.

3

Troiain iow the pH is related to phosphorus avatiability to the plant.

Y rite briefly about Indicas.
Write briefly about Japanicas,
Write briefly about JTavanicas.

Give atleast four suitable high yielding varieties recommended for Andhra, Telangana
and Rayalaseema regions.

o
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UNIT - 11: WHEAT AND MAIZE

Con
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tents
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Introduction
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11.3.1. Classification
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11.3.4. Field Preparation
11.3.5, Varictics
11.3.6. Crop Rotation and Mixed Cropping
11.37. Seeds and Sowing
11.3.8. Manures and Fertilizers
11.3.9. Water Management
11.3.10. Tntcrecuitivation
11.3.11. Harvesting and Threshing
11.3.12. Tmportant Pests and Diseases
Maize
11.4.1. Climatic Requirement
1142, Soil
11.4,3. Season
11.4.4. Crop Rotation and Mixed Farming
11.4.5. Classification of Crop and Varietics 0
11.4.6. Ficld Preparation O
11.4.7. Seeds and Sowing
11.4.8. Manurcs and Fertilivers ‘?\'
11.4.9. Interculiivation and Weed Control Q’*
11.4.16. Water Management
11.4.11. Harvesting and Yield
11.4.12. Tmportant Pests aind Discascs
Summary
Check Your Progress: Model Answers
Model Examination Questions

11.1. OBJECTIVES

By the end of this unit you wili be able to:

describe the climatic requirement for Wheat and Maize
describe the method of field preparation for Wheat and Maize.

jist out the important varieties of Wheat' and Maize recommended to different seasons and
regions,

list cut the crops that are used in Crop rotation and mixed cropping in the fields of Wheat
and Maize,

explain the manures and fertilizers and also their applications for Wheat and Maize,
describe the method of intercultivation, harvesting and threshing of Wheat and Maize.

list out the important pests and diseases of Wheat and Maize and suggest the methods of
control.
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112. INTRODUCTION

Wheat is the World’s most important food crop in quantity of grain (about 420 million
-tons in 1972-80, 95% being bréad wheat) and produced about 45 million tons of proteins. The
important countries that are growing wheat are USSR, USA, China, Canada, India, France and
Italy.

In India it is cultivated in all most all the North Indian states where the climatic conditions
are favourable. After rice, Wheat is very important staple food and, Wheat straw is a good
source of feed for a large number of cattle in our countty, Of major crops, wheat is relatively
drought resistant, moderately frost resistant, except from the stage of rapid stem elongation until
flowering when frost can cause major yield losses.

Maize is one of the most important cereal food crops in the world. It has very high potential
and lends-itself very well to management practices. The world’s average maize yields are the
highest of all the cereals. It is used as food for man and feed for animals, Qver 85% of maize
produced in our country is consumed as human food only. Maize grain contains 10% protein,
4% oil and 70% carbohydrates. Several industries like starch are based on maize production.

~ The primary centre of origin of maize is considered to be the Central America and Mexico,
where fossil grains were recovered in the excavations: :

11.3. WHEAT

Wheat production has recorded a tpemgeNidous improvement in our country, which has
increased three times in productivity and and half times in area over the last three decades,
A turning point came in the history o at cultivation in India in 1963 with the introduction
of dwarf, photoinsensitive, high yiélding Maxican wheat varieties developed by Nobel laureate
Dr.Norman E Borlaug. Lar. jo and Sorara - 64 are the first two varieties introduced in
India. The green revolution was\ealised only due to the introduction of these Mexican dwarf
wheat varieties.

‘Wheat crop is grown mostly in temperate regions where the annual rainfall averages between
350 to 700mm. It is poorly adapted to warm or moist climates unless there is a comparatively
cool dry season which favours plant growth and reduces pests and diseases. Wheat requires a
frost free period of 100 days or more for safe production. Although wheat is a tong day plant,
guick maturing varieties can be grown in any photoperiod ranging from 12 hour days to 20 hour
days. Wheat plants grown under continuous artificial light will be poorly developed and will
produce small- earheads with few grains.

Wheat js not well adapted to saline or acid soils, although useful genetic resistance to the
soils exists. Foliage disease, insect attack, and high mean temperature that causes excessively
rapid and abnormal development now presently exclude wheat from the humid low land tropics
(less than about 25 © latitude) although some wheat is grown in lowland areas below this latitude
where the winter is dry. It is now cultivated in all regions of the world with the exception of
lowland humig tropics.

* In'terms of area and ‘production India ranks 4th among the nations that are growing wheat.
In India during 1970 tripled-dwarf wheat varicties were also evolved and released. Since then
so many dwarf varieties have been released for cultivation for different regions in India.

In India wheat is mainly grown in Uttar Pradesh, Madhya Pradesh, Punjab and Haryana,
Rajasthan, Bihar, Maharashtra and West Bengal. In Andhra Pradesh this crop is grown in
Northern Telangana, Southern Rayalaseema and Srikakulam Areas. Andhra Pradesh has mild
and short winter and hence yields are not very high as those of North India.
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Wheat yields were stabilized in India due to creation of assured irrigation and introduction
of dwarf varieties which are highly responsive to Nitrogen fertilizer application.

11.3.1. Classification

Wheat is an annual plant of Gramineae belongs to genus Triticum, and has 18 species. In

India only 3 species of wheat namely (1) Triticum aestivumn (common bread wheat), (2) Triticum

" durum (macroni or durum wheat), and Tnticum dicoccum (emmer wheat) are economlcally
important,

Triticum aestivun is the most common wheat which can account for nearly 87% followed by
T.durum (12%) and T.dicoccum (19%). Aestivum is used for making chapati and other bakery
products, and is grown in both South and North India. The durum wheat is good for Suji,
Semya, durizm and macroni is grown in central and South India. The dicoccum wheat is grown
in Andhra Pradesh, Tamilnadu Maharashtra and Gujarat and is good for Uppma.

11.32. Climatic Requirement

It can be cultivated from mean sea level to as high a level as 3300 metres. The optimum
temperature range for ideal germination of wheat seed is 20 to 25 9C. Rains just after sowing
hamper germination and encourage seedling blight. Areas with warm weather and damp climate
are not suitable for sowing of this crop. The excessive high or low tempcraturc or drought are
harmful to the crop during heading and flowering stages. Cloudy weather with high humidity
and low temperature is congenial for rust attack. Temperature above 259C at the time of grain
filling and development reduces the grain yield drastically.

The crop duration varies from North to South due to d1 ce in temperature, For tillering
mear temperature should not be less than 20°C and fo mg the minimum temperature
should be 25°C. The yield of wheat depends upon day te ature and the period of cool season.

Higher temperature during day reduces the d g"of the crop and consequently the yield.
Higher elevations and long cooler periods are co%‘&ve to higher yields.

11.3.3. Soil

It is grown in a variety of soils in India. Clay loam soil with good structure and moderate
water holding capacity is ideal for wheat cultivation. Care should be taken to avoid very porous
and excessively drained soils. Soils should be neutral in reaction. Heavy soils with good drainage
are suitable for wheat cuitivation under dry condition as such kind of soils absorb and retain
moisture well. Wheat is very sensitive to water logging. Heavy soils with poor structure and
drainage are not snitable. Under irrigated condition wheat can be grown on light soils also.

11.34. Field Preparation

Wheat crop requires well pulverised seed bed for good and uniform germination. - After
harvest of the Kharif crop the field should be ploughed with disc or mould board plough
followed by 23 harrowings. In case of tractor one deep ploughing followed by 2-3 harrowings, or
2-3 tillerings will be enough. Planting should be done after each ploughing. Seil should not be
worked too much otherwise it may become powdery. One pre-sowing irrigation 5-6 days before
sowing is necessary to ensure good germination. In case when the previous crop is sugarcane,
toria, redgarm etc. presowing irrigation may be given to the previous standing crop just before
harvesting, so that the field may become available for the preparation and sowing. One light
cuitivation and leveliing is required before sowing.

In rainfed areas the field should be prepared with great care so as to conserve maximum
moisture. Field is prepared by one deep ploughing followed by 2-3 ploughings with local plough
and pianking. '
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11.3.5. Varieties

A bumper crop of wheat can be obtained only if a locally, adopted high vielding, disease
resistant variety is chosen for cultivation in a particular area,

The varieties recommended for Andhra Pradesh are given below.

Under irrigated Under Rainfed
condition ' Conditions (R)
NI 5439 ' NI 5439
Malavika, HD 2189 : .

HD 2278 N 59

DWR 39 ' B. Yellow

HD 4502 . ' MAC 8-9
Kalyan Sona _ HW 657

NI 747-19 NI 747-19

CC 464, UP 215 HY 65

HY 65 : :

The duration and yield of same of the varieties are given below.

Variety Duration  Yield/ Remarks
' Q/ha -

1. Kalyan Sona - 95-105 25-30 Resistant to loose smut, Amber colour Grain,
medium size, easy for-threshing Double dwarf.

2. NI 5429 100-105 20-25 old grain amber colour. (D.D)

3. HD2189 100-105. 25430 \§sistant to Rust, Bold grain amber colour,
D.D.

4. DWR 39 100-105 25+ Resistant to Rust. D.D,

5. Malavika 105 . @g‘ Triple Dwarf

6. UP 215 100 %2{}—25 D.D. Resistant to Rust. grain.

7. HY 65 90-95 20-22 (Grain Amber coloured.

8 Sonalika 90-95 25-30 Singte Dwarf, Suvitable for late sowing.

9. N39 90-95 12-15 Susceptible to brown rust,

0. HW 657 90-95 12-15 Single Dwarf High Resistant to Rust.

11.3.6. Crop Rotation and Mixed Cropping

With the introduction of dwarf Mexican wheat varieties a series of crop rotations and
sequences have been develped with wheat. These crop sequences have been designated as crop
cafeteria, which denotes that farmers can choose any cropping sequence best suited to their area
depending upon the soil and climatic conditions.

Some of the most common rotations are given below.

Rotation _ Duration
Rice-Wheat 1 Year
Maize-Wheat . 1 Year
Redgram-Wheat 1 Year
Bajra-Wheat ! Year
Maize-Wheat Cotton-Berseem 2 Years
Rice-Wheat, Jowar - Gram 2 Years
Maize Wheat, Sugarcane Ratoon 3 Years

Maize Wheat Green manure Potato Sugarcane 3 Years
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Some of the crop sequences that were found te be successful in Agre- climatic regions of
India are furnished beiow.

Potato Wheat } Year
Wheat Green gram i Year
Soyabean Wheat Greengram 1 Yen
Rice Wheat Cowpea 1 Year
Rice Wheat Greengram 1 Year
Maize Toria Wheat Greengram
Miaze Wheat Groundrut "
Rice Wheat Groundnut

Besides the above combinations of sequence crops, mixed cropping of wheat with mustard,
gram, linseed were also found to be successful, Now a days inter cropping with autumn sugarcane
and potato is becoming popular in some parts of the country.

11.3.7. Seeds and Sowing

Time of sowing is an impertant factor in obtaining higher vield. The time of sowing varies
widely. It depends on the soil iype, temperature, irrigation facilities and duration of the varieties.
Rainfed up to the first week of November. The normal time of sowing for high yielding dwarf
varieties is the month of November. Among them the long duration yarieties should be sown in
First fortnight of November and short duratjon varieties during the 2nd fortnight of November.
Under specific circumstances wheat is sown in December month aiso but the vields are drastically
reduced. For the late sowing only short duration varieties should be used. For Andhra Pradesh
the middle of November is found to be the optimum time of sowing. Delay in sowing redugss
the vield drastically. 0 '

Sead rate and spacing:[t varies with the variety used, ‘eegzc, sitlering ability moisture content
at the time of sowing in the soil and method of § w%é‘ Usualiy a seed rate of 100 kg/ha for
medium size grained varieties for normal sowing irrigated condition: is sufficient. For bold
grained varietics the seed rate should be incr% to 123 kg per hactare. In peninsular india
seed rate required for mediom and bold gramedvarietics s 125 and 150 kg/ha respectively, For
late sowing variety the seed rate should be increased by 25% irrespeciive of seed size.

Spacing: Wheat crop that is sown wnder normai cireemstances and under irrigsfed conditions
a spacing of 20 to 22.5 cm between rows is recommended. For delayed sowing a closer spacing
of 15 to 18 centimeters should be adopted. Recently recommendaticn has been made {0 30w
the wheat at 15cm row distance or criss cross sowing with row spacing of 22.5 ¢m [0 suppress
the weed growth which is as good as hand weeding and for getting higher yield. For rainfed
condition a spacing of 20-22.5 was found to be optimum.

Depth of Sowing:The depth of sowing Is one of the most Imporiant aspects in successful wheat
cultivation as the colcoptile length is shorter in Mexican wheats compared to traditional fall
wheat varieties and it is about 5 cm orly.  Therefore seeds of these varietiss should not be
covered more than 5 om depth of soil (0 ensure early and uniform sermination. Similarly triple
dwarf gene varieties should not be sown more than 4 cm desp. Similariy in fate sown crop also
the sowing depth should not be more than 4cm. Method of sowing: Sowing with seed drili or
ferti-seed drill is better than any other method as it gives higher yield.

11.3.8. Manures and Fertilizers

Manures and fertilizers play an important role inwheat cultivation. A liberat quantity of bulky
organic manure (F.Y.M) should be appiied if availabie (5-7.5 tons/ha). The high yiciding dwarf

varieties of wheat fully exhibit their yield potential only when they are supphied with adeqoate
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quantities of nﬁtrients at proper time. A wheat crop yielding 5000 kg/ha removes 100-150 kg of
Nitrogen. 70-80 kg of Phosphorus and 125-150 kg of Potash from the soil.

For normal irrigated crop 80-120 kg nitrogen, 40-60 kg phosphorus and 40 kg Potash/ha is
recommended. In zinc deficient areas zinc in the form of zing sulphate at the rate of 50 kg/ha has
to be applied. Entire quantities of phosphorus and Potash and half of the quantity of Nitrogen
should be applied as basal and remaining half of the quantity of nitrogen has to be top dressed
just before first irrigation (20 to 25 days after sowing).

In the case of Rainfed crop an optimum dose of 40 Kg Nitrogeﬁ and 20 Kg Phosphorus/ha
has been recommended. In Rainfed condition all the quantity of Nitrogen and Phosphorus
should be applied at the time of sowing.

Application of fertilizer through ferti-seed drill at 5 cm below the seed is found to be better
than broadcasting. '

Due to scarcity of water supply if the number of irrigations are to be limited then 60 Kg
Nitrogen, 30 Kg P50s and 40 kg K5O/ha be applied. For late sown crop 60-80 Kg N, 30-40 Keg
P50 and 40 Kg K, O/ha is recommended, -

‘Wheat after maize bajra, jowar or rice need 120 Kg nitrogen/ha; wheat after fallow or legume
would require only 80 Kg N/ha.

11.3.9. Water Management

Adequate soil moisture is required for normal development of the wheat plant at all the
stages of growth. In case of high yielding dwarf varieties 6 irrigations are required excluding
pre-sowing irrigation. The crop should be sown when the fields becomes fit for sowing. The
number of irrigations depends upon soit textté soil depth and climatic conditions.

The crown root initiation and headir@age are the critical stages when plant suffers most
due to moisture stress.

The following is the irrigation@wdu!e for dwarf varieties under normal situation.

1st irrigation - Crown roo%iation (CRI), 20-25 days after sowing; 2nd irrigation - Late
Tillerring 35-40 days after sowing; 3rd Irrigation - Late jointing (Boot leaf stage, 65-70 days after
sowing); 4th irrigation - Flowering stage, 85-90 days after sowing; 5th Mitky stage - 95-100 days
after sowing; 6th Dough stage - 110-115 days after sowing. :

Under limited supply.of water the following schedule of irrigation can be adopted,

1. Ifonly one irrigation is available, it should be given at crown root initiation stage (CRI) only.

2. If two irrigations are available first at CRI stage and second at flowering stage may have to
be given.

3. If 3 irrigations are possible the first at CRI, second at late jointing stage and third at milk
stage can be given, .

4. If only 4 irrigations are available, irrigation at late jointing and dough stages can be avoided.
If 5 irrigations are available, the last irrigation at dough stage can be avoided,

11.3.10. Intercultivation (Weed Control)

Weeds in wheat crop take upto 20-25% of the major nutrients and competes for water and
sunlight and reduce the yield from 10 to 40% depending upon the infensity and kind of weeds.
Generally weeds can be controlled with the help of hand hoe, Khuroi etc. However due to
increase in cost and non availability of 1abour, the manual weeding becomes prohibitive..

~ Phalaris minor a new monocot weed becomes a major problem in wheat fields. In certain
localities, the intensity of this weed is so high that it has become rather impossible to grow wheat
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crop. An average plant produces 10,000 to 30,000 seeds. The weed seed germinates along with
wheat and resembles wheat seedlings. Therefore it is difficult to recognise it in the initial stage
hence the mechanical method of controlling this weed is not pussible; only chemical method of
weed control has to be adopted. . - o S

Recommended Herbicides for Different Situations N - . o
Weeds Herbicide = - “Dose. - .. - - Timeofappli .
' T aiha - . .. - - cation. - .
All broad 24-D 04 -~ ° . "Post emergence 35
leaved weeds _ _ . daysafter sowing.
Phalaris Tribunil, or L5 T 30 - 35 days after
minor Dosanax ' S S sowing o .
o Isoproturon 075 . e e, T
 (TolkenorArelom) . .. .. .. .
. Wild oat and Isoproturon 075" . .. 30-35daysafter
Aplialaii minor- (Tolkan or Arelon) - T sowing :
Phalafis minor Tolkan '
or
Dosanax 1.5 : -
All weeds - Stamp , SRS i T ... Pre emergence
' - " (Pendimethalin) * (Soon after sowing)

Tn all the cases 750 litres 6f-:\$'_é't'et is needed.

11.8.11.  Harvesting and Thréshihg- P

High yielding dwarf varieties off wheat are harvcste@hen_the leaves and stems turn yellow
and fairly dry to avoid loss in yield. In late harvesting gfain may be lost due to damage by rodents
birds shattering -and lodging. Timely harvesting res quality and consumer’s acceptance. -.

The right stage is to harvest the crop whc%oishiré is 25-30% in grain. For harvesting hand

sickless or combines or bullock driven reapers are also used.. If harvesting is done by hand, it is

“dried for 3-4 days on threshing floor arid ‘then threshing is done by trampling with bullocks or
power driven threshers. - : e Co

yield Under irrigated condition is 40-45 Quintals/ha in North India ai_ld 25-30 Q/ha in South
India. Under Rainfed condition the yield is 20-25 Q/ha in North India and 10-15 Q/ha in South
India. o o L I :

Check Your Progress - 1 : e

What is the weed which is a major problem in wheat.field? Why?

Naote: (a) Write the answer in the space given below. - '
(b) Compare your answer w1th the one givén at the end.

R R R T N A AR R R R R R RIS

.c.---.o....-'-.oo..---.......-...-...'--.'.-..--.'..o..--..o;.-- ---------------------
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11.3.12. Important pests and diseases on Wheat
APESTS |
1. Wheat termites (Microtermies obese and Odonototermies obsesus)

. Symptoms: They feed on the roots and stems of the growing plants. The infested plants are
tall, yellow and show wilting symptoms.

Control: '(a) Dig the termatrium and kill the gueen; (b) Fumigate the termatrium with
chloroform or Carbon disulphide; (c) Drench the scil with Aldrin 30 EC at the rate of 2 lit/acre
or apply BHC 10% dust before sowing,

2. Leaf eating cater pillar (Agrotis yepsilon)

Symptoms: The larvae feed on the leaves and defoliate extensively. They also cause damage
severely by cutting the plants.

Control: (a) Spray chloripyriphos (2.5 ml/litre) or Mornacrotophos (1.5 miflitre) in the evening
times at the rate of 300-400 mi/acre,

B. DISEASES

1. Loose smut of Wheat (Ustilago tritici)

Symptoms: The ear heads of all affected plants is converted to black mass of spores. The
smutted plants produce less trillers, shorter rachi and peduncles.

Control: (a) Seed treatment with Thiram or Ceresan at the rate of 3 g[kg of seed and hot water
treatment prevent seed borne infection; (b) Registant varieties like S 227, PV 18, WG 407, C
302, N 791, 729 and 823 may be tried wherevdcduitable.

2. Kernal bunt of Wheat (Neovossy in ica)

8 y_mptorhs: The grains are conve@d into black powdery mass enclosed by the pericarp either
partiatly or fully. Only few graipsyip 2 ear are affected, .

Control: {a) S'ecd' tréat-mcnt:With Agrosan or Sulphur at the rate of 3 g/kg of seed prevents
seed borne jnfection; (b) Continuous crapping of wheat should be discouraged. Crop rotation
may be followed; (c) Deep ploughing during summer may be encouraged to bury spores deep
into the soil. :

3. Fiag_-_srriuf of Wheat ( Urocy.s.tis tritici)

Symptoms: The affected leaves are twisted and droop and shed away. The older leaves and
leaf sheaths show slightly swolien bands of grey to greyish black, running parallel to the veins.

Control: a. Seed treatment with copper sulphate at the rate of 3 g/kg of seed: (b) Crop rotation,
burning of stubbles and early sowing of crop reduces the incidence; (c) Growing resistant varieties.

4. Black or Stem rust of Wheat (Punccinia graminis fn’tici)

Symptoms: The affected leaf blade and other part gives a brownish appearance when uredosori
burst and release the spores. Later, teleutosori develop which are linear or oblong, brown to black,

Control:« (2) Spraying lime-sulphur,m Zineb-Zine sulphate checks the rust incidence to some
extent; (b) Growing resistant varieties like NP 700 and NP 800,

5. Leaf or brown or Oraﬁge rust (Puccinia recondita)

Symptoms: The initial symptom of the disease is the development of smali round, orange sori,

143



icregularly distributed on the leaves. Severe rusting of leaves results in poor quality of grains
and reduction in grain yields.

Conirol: The control measures given under stem rust are applicable,

8. Yellow or stripe rust (Puccinia striiformis)

Control: (a} Spraying with Zineb and Maneb (2.5 g/it) is effective; (b) Growing resistani
varieties like NP 4, NP 52, 125, etc.

7. Leaf blight (Alternaria triticina) Symptoms: The disease appears as small, oval spots,
which enlarge to become irregular in shape with bright yellow margin. The symptonms may
be seen on teaf sheath, ears etc. If the infection takes place before boot leaf stage, the losses
in grain vields may be upto 90%.

Control: (a) Presoaking of seeds in water for four hours followed by 10 minate dip in hot
water at 52°C; (b) Spraying Ziram or Maneb or Zineb (2.5 g/lit) is effective.

8, FEar cockle disease or Tundu or Yellow ear rot

The disease is caused by the combined infection of a nematode Anguina tritic] and a
bacteriumm Corynebacterinm tritici .

‘Symptoms: The nematode and bacterium infect stem, leaves and floral organs, The infected
plants become dwarfed, lcaves ~wisted and crinckled and thus prevents the emergence of young
leaves, The affected panicles are short and broad and remah@:en for more time.

Control: {a) Nemaphos granules are effective af the rate of”10 ib a.i/acre; (b} Selection of
healthy seed; (c} Removal of galis by floating seed in watéwsa@r brine solution; (d) Crep rotation
by ron host crops like barley and oats,

Cheek Your Progress -2 & 3 %

2. Tlag smut of wheat is caused by

3. is the causal organism of ioose smut of
Wheat?

Note: (1) Write the answer in the space given above,

{b) Compare your answer with the one given at the end.

11.4. MAIZE

1t is essentially a tropical plant, due to its wide range of adaptability, it is being cultivated in
temperate regions. Considering production United States of America, stands first tollowed by
China. With regard to avzrage yield per hactare United States of America again ranks first (6692
kg) followed by Canada (3575 kg). World area and production are (130 million hactares) and
450 million tons respectively. Tn India it is grown over an area of 6 million hactares with total
production of about 7.95m tens. In India, Uttar Pradesh, Bihar, Rajasthan, Madhya Pradesh and
Punjab are the leading states in area as well as in total production but Karnataka has recorded
highest average vield of 2955 kg per hactare followed by H.P, and Punjab. The average yield in
India is about 1043 kg per hactare.

In Andhra Pradesh it is cultivated over an area of 3.0 lakh hectares annoally and it is grown
mostly in Northern and Southern Telangana Zones particularly in the districts of Karimnager,
Med:ik, Nizamabad, Warangal and Adilabad.
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11.4.1. Climatic Requirement

Maize crop requires warm weather throughout its active growing period and is sensitive to
frost at all the stages. It is grown from mean sea level to an altitude of 3000 meters, It can
be grown under diverse climatic and soil conditions. It’s response to temperature varies with
the state of the crop. The most suitable temperature for germination and growth is 21 °C and
32°C respectively. Extreme temperature and low humidity during flowering damage the foljage,
desiccate the pollen and interfere in pollination resultihg in poor grain formation. Fifty to seventy
five centimeters of well distributed rainfall is conductive for proper growth and higher-yield but
it is sensitive to water stagnation and water logged condition particularly during its early stages
of growth,

114.2. Soil

Maize can be grown on variety of soils ranging from sandy to clayey with appropriate
management and fertilizer application methods. However deep medium type and clay loams
are preferable, The ideal soil is generally considered to be well .granulated, medium textured,
preferably high in organic matter, well drained, high in moisture holding capacity. The optimum
pH range is berween 6.5 to 7.5. Maize will not do well on alkaline and water logged soil,

11.4.3. Season

Maize is grown in many parts of our country throughout the year. Kharif (rainy) season
is the main growing season and 80-85 percent of the crop is raised under rainfed -condition

in Kharif season only. Date of planting differs from place to pilace. The weather conditions
especially rainfall and temperature exert proiiund influence in.determining the date of sowing.

In Andhra Pradesh it is. grown in Khatifas well as in rabi season. In Kharif season- the
appropriate date of sowing is about Znértnight of May i.e., two weeks prior to the break of
monsoon and this is possible where Reilities for giving initial irrigation are available, otherwise
sowing should be taken up imm after the onset of monsoon (First fortnight of June) and

accomplished as early as possible.

Early sowings help to avoid é(cess rainfall during early stages of growth. When the plants are
highly sensitive to excess moisture, early planting also helps to avoid moisture stress at critical
stages of flowering. -

Pre-monsoon sowing had several advantages. Plant stand is easier to establish, the first weed
control operation and insecticide application can be completed before onset of regular monsoon,
The crop also develops a good root system because of brighter weather in the initial stages.
After the regular monsoon once sets in, it will not be possible to do all these operations in time
effectively due to interference by the rains. o

Similaﬂy early plantings will also enable us to clear the fields of maize early so that the

subsequent crops can be raised in time.

In Rabi season the most suitable period for sowing maize is from middle of October to
middle of November. For Rabi maize it is imperative that irrigation facilities have to be made
available. In Rabi season the vields are higher than in Kharif due to mild temperate, better
water management practice, higher response to-fertilizer application, lesser incidence of pests
and diseases hence better plant stand. However, the maturity period of maize get extended by
few weeks-in Rabi as compared to Kharif due to mild weather condition. For seed production
maize is sown in January. ' : :

. 1144, Crop Rotation and Mixed Farming
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- If the irrigatioh facilities are available, maize can be grown as.Kharif crdp followed by crops
like wheat, potato, bengal gram, berseem, Lucerne. Crops like green gram Black gram, cowpea



etc. can be grown as intercrops in the space between two rows of maize. In Rayalaseema ares
of Andhra Pradesh groundnut and redgram are grown as intercrops in the ratio of 5:1. )

11.45. Classification of Crop and Varieties

Maize belongs to Gramineae family. It is a tall plaht growing to a height of 1-3. metfes. The
root system of maize is fibrous, deep and wel’ developed. Leaves are alternate. i

Maize is monoecious having two types of inflerescence. . The female inflorescence will later
develop into cob and are born inside cobs which springs frum one of young nodes and wili be
ustially located about mid way of the stalk. The male inflorescence is born in a cluster (Tassel)
oni the top end of the stem as a Terminal panicle. ' :

Coin is often classified into ‘seven groups or types, based upon endosperm and glume
characteristics. There are dent, flint, flower, pop, sweet waxy and pod corns. ER

1. Dent corn - Zea mays indentata

Both corneous and soft starch are formed in dent corn. When the grain drieS_, a pronounced
wrinkle or dent forms on the top of the kernal because of the shrinkage of the soft starch, Mostly
cultivated in U.S.A. and Kernals have a wide range of colours but yellow or white are the most’
commercial types. ' B ' ) :

2. Flint corn - Zea mays indurata

The endosperm of'iint_ corn usually is soft and starchy in the centre but cbnip_letely énclose.d_
by a corneous outer layer. Kernals are usually rounded at the % It is widely grown in Argentina.

R ©

Kernals of flour corn are composed almost cr@?gf soft starch. They are shaped 1i_ke flint |
kernals because they shrink uniformly as they @3 N

4. Popcorn - Zea mays everta

This group is characterised by a very hard coneous endosperm and small kernals. There are
two sub groups of pop corn rice, with pointed kernals and pearl with rounded kernals. Grains
may differ greatly in colour and size. :

5, Sweet corn - Zea mays saccharata

The kernals of sweet corn or wheat translucent and more or less wrinkled at maturity. Sweety
corn, before it is ripe and dry, has a sweeter taste than do other types because the endosperm
contains sugar as well as starch. It lacks ability to develop starch grains.

6. Waxy corn

The kernals of waxy corn have a uniformly dull rath, a soft endosperm showing neither white -
starch nor corneous translucent layers. The endosperm: breaks with a wax like Fracture. The
starch of waxy cori contains amloperfin, which has a branched chain molecular structure and a
high molecular weight. -

7. Pod cova - Zea mays turicatd

In pod sorn each kenal is enclosed in a pod husk. The ear formed is also enclosed in husks as in
other types. Pod corn may be-dent sweet waxy pop flint or flour corn in endosperm characteristics.

146



‘uononpord pass
10 [BTjUDSSa S1 SI2)5W (0F Jo uoneios] ‘tie1s jo punod iad saydut 2qnd gog jo
ucisiedxa fuiddod e ynm mojok Apead are sule1ny -sawafds guiddols apdnjni v
1[2M S)IJ 3] 'S182 0M] PUB SaARI] HT-Z1 Yaim SIDWOW $T-2'T JO 1YSiay e 0) smoid 3]

, "adrys uf punol pue JuSP-HUIS “IN0[0I W
a3uelo JYBI[ 21e sulelD) ‘sAep §9-GG Ul SIamOL] ‘1aioq }[BIS pue maplw Aumop
WBHq Jeot 0) JURISISAT ‘SOARD| $1-TT UHM SISIOW 1'Z-871 J0 J3IsYy B 03 SmOIn)

"1eak 32)JE XBAK PIsn 2q UR> PIas pue ASed sy
uonESdRINA SZIelw [230] URY) 2IOUI 96€ SPI3I A "8wispoj 03 ojqudassng “1310q
pue JY31iq Jea] 0) JULID|O] SIARI] §1-0T LM SIBISIE €-5°7 Jo JLSIoY ¢ 03 SMOID)

~ 1eof 1ope 12k pasn aq ued pass pue
Asea st UONESIIANIN "SUOBIPUGD JYSN0IP 0} JUBISISSI AJIIE) JUIBYY J0] BIQEINS

: "%¥v1 JO U0 uisyosd Y31y e ypuwsahimnu
SI0 "91°Z Pajel pue pood s1 JoA02 Jsny U] 'sMOX 9T 03 1 Gatm papi | B
§183 “IMOJ02 Ul MOA pue Ysnuap Ay Ploq ‘aandeIE L19A §1 ueIn) .%W_
AMe3s) 1s2d 10asUl pUe (31 93} PUR JOI N]BIS [RLII)IRQ ‘MapIHU Aumop wnydr
‘JY8tiq Jea]) sosessip rofew ¢ o) juelsisas ‘SuSpoy uou ‘sfep 19 U1 sIsmop 3

"adeys W} YSiey pUB JUIDP IWOS “INCJ03 U MOJRA JYSi| 2Ie SUIRID)

IB10Q WS pue WSHG 03 Juelsisal Aj1te] SuiBpof-uou st 3] “Suimos 1938 shep 0L
0] (}9 U SJOMO[ 1] ‘SIARS] T 03 Z] M SI0I0W ¢ 09 L] Jo JyFay = o) smoa3 Jf
"az{eill [230] UeL; 2I0W 94,60 Splatk ] “adeys ur punol puE JuapiReg “INojo2

uf S3UBIO0 SURIL) “1210G WI)S pue JYBHq Jea| 0} JuEISISaT Aje) 2uiBpo; vou st
3 “Buimos Joye sfep (L 03 09 UI SIIMOY I "SI9IPMW €T°T 3O W33y & 03 SmMoID

S01-001
u“€6-06

144 £TI-S01

8E 0gI-01l

L8-0F 011-66

[4Y yei-vor

&

s $T1-501

N4 0¢I-011

IGe/JUBY Ui Jaquiy

SETELINE s-eSuen

[qedAHR] ayisodwo) Joquiy

192 /J1RY Y Yoy

1qe¥jiesy £0T-WHA

1qeA/Hey ] 101 ueddaQ

aZIEN

e LRy PLQAH uR333(]

sI933RIeYD)

(=up) pIvIX uoneIng

uosEsy faneA

SIIIDVIVY) [RIOLIRA I2IWPN

147



11.4.6. Field Preparation

Maize seed requires well aerated moist and weed free field to provide better contact between
seed and soil. There is no need of preparing extremely fine seed bed. The normal practice of doil
preparation includes ploughing, followed by discing and harrowing te prepare well pulverised
field. Unless the soils have a hard pan or perennial weeds, ploughing deeper than 18 ¢m is not
recommended. After the soil is prepared well a gentle slope has to be maintained so that no
water stagnates. If the crop has to be grown under irrigated conditions ridges and furrows are
formed, The distance between the two ridges will be 75 cms. Ridger or Bund former is used for
making ridges and furrows.

1147. Seeds and Sowing

Normally maize varieties and hybrids do not produce effective tillers hence they are. less
-capable of adjustment to poor stand than the other tillering cereal crops, thers#~-e to get higher
yield the adequate plant stand at harvest is necessary. With increase in plant pupu:ation iodging
of plants will be more and hence silking will be delayed. The delay in silking will increase the
number of barren cobs, Similarly higher plant population adversely affects the essential amino
acids such as leucin, tryptophan and oil rontent but favours iscleucine, a non- essential amino
acid.

A population of 60 to 65 thousand plants per hactare at harvest is necessary to get optimum
yield both for Kharif and Rabi seasons. The seed rate warks out to be 20 to 25 kg for hybrids
and 18-20kg per hactare for composites depending upon the size of the seed. In rabi seasons 3
slight increase {10 to 15%) in the plant population is found be advantageous.

Maize is usually sown behind the plough furrow or on ridges and rursows or on flat beds.
Sowing by dibbling on the side of ridges at 1/3 distance fromuthe top is preferable both under
rainfed and irrigated condition, and affords good drae wherever there iz more rainfall.
Normally hybrid maize plantings are rf,commf-r‘lded distance of 75cm apart maintaining a
distance of 20cm within the row. However m sitnations 60cm and %0cm also can be
adopted with suitable adjustments between t IIhII’l the row by maintaining 660400 plant
poputation per hactare. For pop corn a spaﬂ% 60cm x Z0cm was found o be optimum. The
seed has to be treated before sowing with Agrosan at the rate of 3gm per kg of sced.

11.4.8. Manures and Fertiiizers

Hybrids and composite varieties of maize exhibit their fuil potential only when adequate
quantities of nutrients are made available at proper time. Farm yard manure at the rate of 10-15
tonns per hactare can he applied if available. Otherwise as 4 general recommendation 120kg
Nitrogen, 60kg Phosphorus and 40kg Potassium can be applied per hectare for hybrids and 80kg
Nitrogen and 30ke Phosphorus per ha. for composite is sufficient. However the fertilizer dose
can be altered based on soil test values. Entire Phosphorus, Potassium and 1/3 Nitrogen must
he applied at the time of sowing. The remaining 2/3 quantity of Nitrogen can be applied in two
equal splits, 1/3 at the knee high stage and the other 1/3 primordial stage. '

In certain areas soils are deficicnt in zinc. It is advisable to apply 30-50 kg of zinc salphate
per ha before sowing. The basal dose of fertilizer should be placed in the soii 3-5 centimeter
to the side and 3-5 centimeter deeper than the seed. The fertilizers can be -applied through
ferti-seed drill.

" 11.49. Intercultivation and Weed Control

The favourable season in Kharif cncourages rapid weed growth; the reduction in grain yield

due to weeds ranges from 50 to 100 percent. Intercultivation with the heip of push hoe or

bullock drawn hoe (Danti) can be carried out before weeds are Sem tail which can centrol weeds
very effectively. Under heavy weed infestation manual weeding may be necessary or integrated
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weed management ie., use of Atrazine or Simazine as pre emergence application followed by
hand weeding 30 days after sowing will effectively control the weeds, The Atrazine/Simazine at
the rate of 0.5 to 1.0 kg a.i and 1.0 to 1.5 kg a.i. per hactare in light and heavy soils respectively
is recommended. The critical stage of crop weed competition is 30 to 45 days in maize crop.

11.4.10. Water Management

Maize belongs to C4 plants and is capable of utilizing water most efficiently. It is susceptible
both to excess water and moisture stress. It is not drought resistant hence moisture stress before
tasseling, during tasseling, silking and grain formation stages reduce the yield considerably. A
good crop of maize required 450 to 6000 mm of water during its life. It is advisable to provide
one or two supplemental irrigations in Khatif during prolonged droughts, espec:ally when the
drought occurs at reproductive phase.

Ini rabi, maize crop may require 3-8 irrigations depending upon the soil and climate conditions.
A preplanting irrigation to bring 100cm of the soil depth to field eapacity seems to be essential.
The first post emergence irrigation has to be given 10 days after sowing. Normally irrigations
are to be given at the interval of 10-15 days depending upon soil and climatic conditions. The
other irrigations one at flowering (65-70 days) second at. fertilization stage and third at milky
stage (80 days) are essential.

Seedling and flowering stages are very $ensitive to excess moisture and even for four days
the yield reduction will be to the extent of 50 per cent.

11.4,11. Harvesting & Yield

Harvesting should be taken up when the cob sheath dries completely and the moisture
percentage in the grain is less than 30%. Re the cob sheath and then dry the cob in the sun
for'7 to 8 days and then shell the cobs b){%ller. The grain can be stored safely when moisture
is 10-12%. Pop corn should be harves?!‘ en the moisture is between 20-30 percent and cobs
should be dried in shade. Maximup, p&ping expansion is abtained when the grain has 12 to 14
percent moisture. Q”

Under rainfed conditions t&rain yield will be 2000-2500 kg in hybrids and 1500-2000 kg in
composites. If improved practices are followed the grain yieid will be 5000-6000 kg for hybrids
and 4500-5000 kg for composites under irrigated conditions.

11.4.12. Important Pasts and Diseases of Maize
A. PESTS

1. Pink borer {Sesamia inferens)

. Symptoms: The young larvae bores into the stem causing the death of central shoot which is

comimonly known as ‘dead heart’.

Control: (a) Application of Carbofuran granules in the whorls at the rate of 5-7 kg/acre; (b)
Removal and destruction of stubbles after harvest.

2. Shoot bug (Pundatuva simplicia)

Symptomsz The tender portions of the leaves are suck by colonies of adults and nymphs.
Plants become stunted and show scorched appearance.

Control: {a) Spray Methy! parathion at the rate of 300 ml/acre

B. DISEASES

1. Stalk rot (Erwinia carotovora fisp. zeae)
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Symptoms:The [ower nodes show the retting symptoms initially and spreads to up and down



to a limited distance. This follows decay of interior of the stalk or sometimes involves only the
rind,

At the advanced stages leaves become yellow and dry. The infected--p-arts of the stalk are
soft initially but later turn to dry mass of shreaded fibres and consequently the plants fafl down,

Control: (a) Diseased plants should be destroyed; (b) Crop rotation to be practiced; (c) Excess
irrigation should be avoided.

2. Downy mildew (.S'cIerospora sacchari)

Symptoms: The 1mportant symptoms is the appearance of long and broad chlorotlc stripes on
the entire length of leaf blade Downy growth of the fungus is observed on both 51des of the
leaves.

Control: (a) Spraying Dithane M-45 at 0.25% at the rate of 500 g/acre; (b) Crop rotation to
be practiced; (c) Destruction of alternate hosts..

3. Common smut (Ustilago maydis)_

Symptoms: The fungus not only affects grains but affects even the other plant parts as well.

It produces galls on ears, axillary buds, tassels and stalks. The infection of female flowers gives

. rise to gails in the place of grains. The seedling infection leads to stunting.

Control: (a) Crop rotation and field sanitation may help to reduce the infection.

4. Brown spot (Physoderma maydis)

Symptoms: Initially light green water soaked areas dcv’ on leaf blade which turns to reddlsh
brown at first and becomes brown finally.

Control: (a) Crop rotation and field sanitation ?p to reduce the 1nfect10n

Symptoms: The pustules are yellowish in the initial stages of development and later turn to
brown and are encircled by chlorotic haloes. : :

5. Rust (Puccinia sorghi)

‘Control: (a) Crop rotation may be encouraged.

8. Leaf Blight

The symptoms and control measures are given under sorghum.

7. Virus diseases (Maize Mosaic Virus)

Symptoms: Diseased plants produce lighter panicles and chaffy sceds Maize mosaic may
reduce yield upto 30% in severe cases of attack.

~ Control: (a) Growing resistant varieties.

Check Your Progress -4 & 5

4. The Scientific name of Pink borer of Maize is

5. The rust of maize is caused by

Note: (a) Write the answer in the space given above,

(b) Compare your answer with the one given at the end.
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1L.5. SUMMARY

Wheat is one of the most important cereal food cropsin the world. Green revoliution in wheat
was made possible only with the introduction of Mexican dwart varieties into India. Dr. N.E.
Borlaug was the first scientist {o evolve these dwarf varieties in mexico. In India only 3 species
of wheat are mainly cultivated among them. Triticum aestivum is the most common. Wheat is
a winter (Rabi) season crop and it requires cool climate. Due to favourable climatic conditions
existing in North, cultivation of wheat crop is mostly confined to North Indian states with high
hectare yields. Wheat can be grown as rainfed crop on residual moisture. Optimum sowing
time is the 2nd fortnight of October to 1st week of November and under irrigated conditions it
can be grown from Middle of November. Seed rate ranges from 100-125 kg/ha and optimum
spacing will be 20 to 22.5 cm between rows. Sowing with fetiseed drill is always advantageous.
The fertilizer dose recommended for irrigated crop is 80-120kg N, 40-60kg P04 and 40kg K50
per ha. For rainfed crop a dose of 40 Kg N and 20 kg P205 per ha. is recommended. Wheat
crop requires 6 irrigations excluding the per-swing irrigation. Crown root initiation (CRI), late
tillering, late jointing, flowering, milk and dough stages are very sensitive for moisture stress
and hence irrigation at these stages is most important. Irrigation at CRI stage is a must and
is crucial. This 1s the most important stage (20-25 days after sowing) which can reduce 50% of
the yield if the crop suffers moisture $tress at this stage. Wheat crop is very sensitive to weed
competitign and the reduction m yield can go up to 10 to 40%. In recent times a new weed
namely Phalaris minor has become a problematic weed. For controlling this weed herbicides
like Tribunal, Dosanax, Tolken and Arelon were found to be most suitable. trrigated wheat
crop can produce upto 40-45 g/ha of grain yigld as against 20 to 25 g/ha produced by rainfed
crop. Among the diseases Rust, Loose smut\@nal bunt are very common. Termite is the only
common insect pest which affects wheat. O

" Maize is one of the most 1mp0rr f.‘I‘Cd| crops in the world. It is used as food for man
and feed for animais. Maize co O% protein and 4% oil. United States of America
Stands first in area productlon oductl\nfy {n India it is grown almost all the states. Uttar
Pradesh stands firsf in area b e productivity is highest in Karnataka, with average Indian
productivity being 1046. In Andhra Pradesh it is grown in Northem and Southern Telangana.
Maize is warm weather crop, sensitive to frost and requires 21°C and 32°C for germination
and growth. It requires well granulated medium textured well drained soil. Kharif (Rainy) is
the main growing season. Optimum time of sowing in Kharif is the onset of monsoon (June)

~under rainfed conditions. If irrigation facilities are available pre-monscon sowing with one or
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two irrigations is best. In Rabi season sowings are taken up from Mid October to mid November.

Maize 1s classified into 7 groups based on characteristics of seeds. They are (1) Flin corn
{2) Dent corn (3) Pop corn (4) Sweet corn (5) Soft corn (6) Pod corn (7) Wagy corn. For
hybrids 120kg N, 60kg Py05 and 40kg K,O/ha and for others 80kg N and 30kg P 20s/ha is
recommended. Entire dose of P205 and K 20 along with 1/3rd does of N/ha has to be applied
as basal and remaining 2;‘3r(. N/ha in two equai splits i.e. 1/3 at knee high and 1/3 at primordial
stage is recommended. For effective weed control Atrazine/Simazine as pre-emergence herbicide
at the rate of 1.0 to 1.5kg ai. per ha is recommended depending upon soil type. Moisture
stress at silking, flowering, fertilization and milk stage reduces the yield considerably. Harvesting
stiould be taken when moisture percentage is less than 30. Grain yield ranges from 4500-6000
kg/ha under irrigated and 1500 to 2500 keg/ha under rainfed condition. Stem borer, shoot fly,
cut worm and white grubs are the most important insect pests of maize.

11.6. CHECK YOUR PROGRESS: MODEL ANSWERS

1. Phataris minor, a new monocot weed is a major problem in wheat fields. 1t is because it
resembles the wheat seediings and the mechanical method of controlling it is not possible,



2. Urocystis triticl.
3. Ustilago tritici.
4. Sesamia inferens.

5. Puccinia sorghi.

il.7. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in 30 lines.

1. Discuss in brief the adaptation and climatic requirement of wheat crop.

2. Give an account of crop rotatiens and crop sequence that can be adopted in cultivation
of wheat crop. '

Discuss the water management aspect in wheat crop.

Which is problematic weed in wheat crop. How do you control it.

Briefly discuss the main pests and diseases of wheat crop with control measures.
Discuss in brief the adaptation and climatic requirement of maize crop.

Give the classification of maize based on endosperm and glume characteristics,
Discuss the manures and fertilizer requirement of Maize crop.

ol R A

Briefly discuss the sowing season of maize crop.
10, Write in detail about water managerent for maize.
II. Answer the following questions in 10 lines.
1. Lisi out the wheat varieties that are recommendegdfor’Andhra Pradesh under irrigated
and rainfed conditions.
. Write in brief about time of sowing of whegt %p.

. Under limited water supply mention the s
optimum production.

. Write briefly the classification of wheat varieties.
. ‘Write in brief about Mexican wheat varicties.
. In north India the productivity of wheat is high compared to Scuth India? Why?

L2 b2

¢ of the crop that should be irrigated to get

. Write the soil requirement of wheat crop.
. Give in detail fertilizer recommendation for irrigated wheat crop.

=l < e R

. Write in brief about the time of sowing and spacing in wheat.

10. Discuss in brief spacing, seed rate and depth of sowing of wheat,

11. Write a short note on harvesting and threshing of wheat crop.

12. List out the hybrids and other varieties recommended for Andhra Pradesh.

13. Furnish the following information pertaining to DHM 103 and Ganga 5 - Season duration
and yield.

14. Write the detailed characteristic of any pop corn variety.

15, Write the soil requirement of maize crop.

16. Discuss the brief spacing, and seedrate in maize.

17. Write in brief about maize hybrids,

18. What is meant by synthetic varieties.

19. What is meant by composite varieties.

20. Wriie a short note on weed control in maize.

21. Write the description of muize plant,
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12.1. OBJECTIVES" O

By. the end of this unit you will beQJth::

1. describe the climatic reqaui@ent and list out the different varieties of sorghum,
2.- describe the method of commercial production of hybrids, ‘

3. describe the method of land preparation and application of fertilizers

4

give a list of pests and diseases caused to sorgum, the causal organisms and suggest the
control measures,

5. ‘describe the harvesting and threshing techniques

12.2, INTRODUCTION

Sorghum popularly known as jowar is the most important food and fodder crop of India. It
is mostly grown under rainfed conditions and in soils that are less snitable for maize and wheat
crop. In India it ranks next to rice in acreage and occupies third position in production after
rice and wheat. Sorghum grain is used in various forms such as roti {(bread) or cooked like rice.
It'is also, useéd as malt or popped. Sughum grain is used for beer production. 1t is superior to
rice in food value being richer in protein and fat. Green and dried fodder is the most important
roughage for cattle. The-crop can withstand drought better. Under rainfed conditions the total
dry matter yield (grain and straw) is more in jowar than any other cereal crop.

It has wide distribution. It is grown in Asia, Africa, North and Central America, South
America, Sudan, South Africa, Australia, Europe and U.S.S.R. World area under sorghum is
about 388 million hectares with a production of 489 million tonnes of grain. India ranks first in
acreage and second in productjon after U.S.A. Table I gives the area and production of this crop
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in different states of India. It is grown in an area of aobut 16 million hectares in India with a
nroduction of 10.6 million tonnes of grain. Maharashira, Karnataka, Madhya Pradesh, Andhra
Pradesh and Gujarat are the important states which comprises 90 per cent of the total area and
89 per cent of the total production. In Andhra Pradesh it is mainly grown in the districts of
Kurnool, Mahaboobnagar, Khammam, Adilabad, Cuddapah and Medak producmg more than.a
lakh tonnes.

12.3. JOWAR GROWING ZONES OF ANDHRA PRADESH

1. Low rainfall kharif zone : The red soil area in the districts of Mahaboobnagar, Nal gonda
and Ananthapur. '

2. High rainfall kharif zone : It consists of the. districts of Adilabad, Karimnagar, Medak
and parts of Ranga Reddy, Warangal, Guntur and Prakasam where sowings are done during
the second week of July.

8. Early rabi or Maghi zone : 'Contiguous area in the districts of Khammam, Warangal,
Nalgonda and Krishna forms third zone.

4.- Nandyal Valley : This zone mcludes the districts of Kurnool and Cuddapah wherc sowings
-are done during second fortnight of September. '

5. Normal rabi zone : Parts of Adilabad, Ranga Reddy, Karimnagar, Medak-, Mahaboob-
nagar, Nizamabad and Guntur districts constitutc_this_ zone. Normal sowing period is first
fortnight of October,

6. Late rabi zone : The district of Nellore and ad]ommmas of Prakasam constitute. this
. .zone which comes under the influence of Noith-East

Check Your Progress - 1
What are the districts included in the low rainfall 1f Zone of Jowar?
Note: -(a) Write the answer in the space- ngenalow

(b) Compare your answer with the one given at the end.

....................................................................................
....................................................................................
.....................................................................................
D R R e R R R R

----------------------------------------------------------------------------------

12.4. CLAMATIC REQUIREMENTS -

1t is a tropical crop. However it is grown in temperate regions in summer when temperatures -
are high and the growing season is sufficiently long. It is a hard crop and can withstand adverse
climatic conditions more than any other kharif crop. The drought resistance of sorghum is due
to its extensive root system with profuse rootlets and reduced transpiration losses from leaves
under stress conditions. In contrast to crops like maize, and rabi, sorghum recovers from severe
drought as its stomata resume their normal function even after 14 days of severe drought, It is
successfully grown in a dry climate of Rajasthan and also in humid areas of West Bengal and
Bihar. It can be grown in regions receiving rainfall from 400 to 1000 mm per anmum. A soil
profile contaiing 100-150 cm water is sufficient to suppport the crop. Water received over and
above this limit will result in additonal yield. Although it IS known for drought resistance, it can
withstand water logging.
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It can withstand a wide range of temperature from 15.5°C to 40.5°C. It requires a minimum
temperature of 10° C for germination. The optimum temperature for growth is 27°C to 40°C.
Sorghum yields are adversely affected when mean temperature exceeds 26°C during heading
period.

12.5 SEASONS

It is grown in kharif, rabi and summer seasons. In north India it is mostly grown in kharif
while in South India it is grown both in kharif and rabi seasons. The rabi crop constitutes about
36 to 38 per cent of the total acreage. In Maharastra and Karnataka Rabi Jowar occupies 55
to 60 per cent and in A.P. its distribution is 50-60 in both seasons. The sowing and harvesting
months in different seasons are as follows:

1) Kharif : June to September/October

i) Maghi (late kharif or early rabi) : Augbst/September to Pecember
ity Rabi :  Octobeito January.

iv) Summer . January to April.

12.6. SOILS

It is grown in a wide range of soil types. Medium and deep black soils are most soitable and
in such soils it is often grown as latc kharif crop or rabi crop. As kharif crop it is grown in red
loams, clay loams and light black soils. It does not grow well in gravelly and marshy soils. Tt
comes up well in soils having pH range of 7 t@

12.7. VARIETIES O
o

X
In the past 25 years consid z&improvement has been made in sorghum and the first
hybrid {CSH-1) was released ir%e year 1962. There after a number of hybrids and varieties
were developed suitable for different tracts keeping the following characters in view.

1} Exploitation of hybrid vigour and development of hybrids suitable for kharif, rabi and summer
scason<

2) Reduction in plant height pgrticularly in varietics to avoid losses due to lodging.
3) Evolving the sorghum varieties suitable both for grain and fodder purposes.

4) Evoiving varieties low in prussic acid.

5) Evolving insect pest and discase resistant varieties.

6y Developing snitable management practices for recommended varieties and hybrids for dif-
ferent sorghum growing regions of India.

in the varietal improvement programme equal- emphasis was given to hybrids as well as
selection of varieties by breeding, About nine hybrids (CSH-1 to CSH-9) and seven high
yielding varieties (CSV-1 to CSV-7} have been released. The current programme emphasises on
the incorporation of disease and insect resistance and quality into varieties and hybrids that are
aglready deveioped.

Co-ordinafed sorghum varieties CSV-4 and CSV-5 are resistant to downy mildew. The
varleties CSV-6 and CSV-5 are resistant to shoot fly and CSV-5 to mast leaf spots and striga.
Co-ordinated sorghum hybrids CSH-5, CSH-6 and variety CSV-4 are tolerant to head mould and
grain detericration if caught in rains before harvesting. The varieties and hybrids recommended
for Xharif and rabi scasons in Andhra Pradesh are as foliows:
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Season Hybrids Varieties

Kharif CSH-1, CSH-5 and CSH-6 CSV-3 (370), CSV-4 {CS 3541}, CSV-
1 (Swarna), C8V-2 (302/303), CSV-6
(604) and 329.

Rabi CSH-1, CSH-7R and CSH-8R - (CSV-2, CSv-4, CSV-5 (148/168} for
: maghi and CSV-7R {R-16)

12.8. COMMERCIAL PRODUCTION OF SORGHUM HYBRIDS

Male sterility in sorghum is controlled by both genetic factors as well as by cytoptasm. The
male sterile genes in the back ground of sterile cytoplasm result in male sterility. The action
of male sterility can be modified by pollen tarrying restore genes. For maintenance of male
sterile line 1A’ (CK 60A)., A line is grown in isolated pldts along with jts ‘B’ line. The ‘B’ line
is identical to A line in genetic make up except that it is male fertile. The seed from A line is
collected which will be male sterile.

For hybrid seed production 4 to 6 rows of male sterile line A is alternated with two rows
of male parents carrying fertility restoring genes. The A line is pollinated by the polien from
restorer line and thus the seed obtained from A line is a hybrid seed (A x R) and will be fertile
inFy.

"A" LINE ‘R" LINE
Male sterile lines Fertitity restoret lines
<« > —— >
X X X X hd b O 0
X X X X X W 0 0
X X X X %2 X 0 0
A Y ©
_ PN

X X X X X X 0 0
ped X Y X X X 0O Q
X X X X X X 0 0

A X R Hybrids
. Fig.12.1. A x R Hybrids
The single cross hybrid (AXR) is sold to the farmer for commercial production.

Care should be taken in the production of hybrid seed that both the parents i.e,, A linc and
restorer line ‘R’ come to 50 per cent flowering at the same time. If there is any difference in
duration of 50 per cent flowering between these parents, the sowing time of one of the parents
needs to be preponed so as to have synchronisation in flowering.

12.9. LAND PREPARATION & SOWING

Depending upon the previous crop and soil type, the land is brought to fine tilth by initial
ploughing foituwed by harrowing or by two to three harrowings. For kharif crop in the summer
season before the onset of monsoon the land is cither ploughed or harrowed and with the onset
of the monsoon it is brought to fine tilth by subscquent harrowings and the land is levelled
finaliy. :



Seed treatment in jowar is essential to prevent it from seed borne diseases especially gram
smut. The seed should be treated with thiram at the rate of 3g per kilogram of jowar seed ot
witi: sulphur at the rate of 5g per kg of seed. In areas where shootfly is a problem, treat the
seed Wlth carbofuran 50w, P at the rate of 100g per kg of seed to protect the Crop.

In early stage, sorghum is a slow growing crop. To minimise the competition from weeds and
to avoid shootfly attack, rainfed crop should be sown 1mmed1ately after the onset of monsoon.
Experimental results clearly indicated that progressive delay in sowing by 7 or 14 or 21 days
after first monsoon rain caused substantial reduction in yield. The average reduction in yield
varied from 37 to 319 kg grain/ha/day. The crop should not be sown after the first week of
July as it is subjected to shootfly and midge attack. In jowar tracts, sowings are delayed beyond
the first week of July due to aberrant weather conditions, it is advisable to grow alternate crops
like bajra or sunflower or castor in place of jowar. The sowing of irrigated crop atso should be
completed by the first week of July. Rabi sorghum i$ mostly grown on receding soil moisture on
black soil. The soil moisture reserve or rain in the month of September or QOctober is the main:
factor influencing the yields. In rabi areas sorghum is usually sown in October-November. By
that time some of the soil moisture is lost by evaporation. Experimental results clearly indicated
in favour of advancing the sowing time to the first week of September. The crop ¢an utilise the:
stored moisture and the rainfall received in October-November most effectively.

The optimum plant population for high-yielding cultivars is about 1,80,000 plants/ha as agamst
90,000 plants per hectare for local tall types. Varieties like Swarna can respond well even upto a
plant density of 2,70,000 plants/ha. Low plant population of 45,000 plants in farmers field is the
main reason for the low yields of rabi sorghum. The optimum population for rabi crop should
be ranged between 90,000 to 1,35,000 plants/ha in different localities.

A plant density of 1,80,000 plants/ha is 0?"8(1 by sowing seeds with an inter row spacing
(row to row) of 45cm using seed drill or ¢ lough with slightly higher seed rate. The crop
is thinned during the third week by kee ilﬁne plant at 12¢cm apart within the row (intra Tow).
In areas where the labour is easily avail it can be sown by dibbling two to three seeds per hili
at a spacing of 45 x 12cm and final plant per hill can be maintained. The inter row spacing
of sorghum can be increased to 90cm without much reduction in yield by decreasing
intra row spacing so as to obtain ¥,30,000 plr ~nts/a. The increased row width may help in taking
up an intercrop to augment the total production per unit area per unit time.

12,10, FERTILIZER RECOMMENDATION

The fertilisers recommended for sorghum at different stages are given below.

Fertilizers Kg/ha . No. of doses Stages

Rainfed crops: : : ' :
Farm yard manure  12.5 tonnes . One’ . Before the last ploughing
Nitrogen 80 Two -1, 1/2 at sowing, :
' 2. Remaining 1/2 as top dressing
at knee high stage of the crop.

Phosphorus 40 ..One - At sowing

Potash 30 One = At sowing.

Irrigated o _

Farm yard manure  12.5. tonnes One Before the last ploughing

Nitrogen ' 120 - Two o 1. '1/2 at sowing. _
o . c ' 2. Remaining 1/2 as top dressing
_ _ o at knee high stage of the crop, -
Phosphorus 60 - One ' At the time of sowing. '
Potash 40 One At the time of sowing.
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12.11. -INTERCULTIVATION -

The crop does not tiller. 1t usually attams a helght of 1.8 to 2. 5M. Taller plants are generally
longer in-duration. The duration of crop varies from 90 to 170 days. The crop is intercultured
with bullock drawn blade harrow (danti) during third and sixth weeks after owing. Weed within
the row and weeds left over very close to the row are removed by hand weeding. In regions of
labour shortage, any one or two of the following chemicals can be used to control the weeds
_effectlvely

Dose active

Herbicide - - . ingredient Kg/ha .Time. of
in 600 litres of application
water
1. 2-4-D Amine 1.8 Pre-emergence to crop and weeds
2. 24-D Sodium - 2.0 - A [T
3, Atrazine * - 05t0l0 . -do- S
4, 24-Dester - 09. . . 25daysafter sowmg.
5. Cyanaine 15t0 2.0 -do-

1212. IRRIGATION

* For irrigated crop, weekly 1rr1gat10n in llght smls a nce in 12-15 days in heavy soils is
recommended. Irr;gatmn at ﬂowenng and. grain ﬁll] e is essennal

12.13. IMPORANT PESTS AND DI@&&ES OF SORGHUM

A. Pests . .
1. Sorghum- shoot ﬂy (Antheugona soccata)

Symptoms: The maggot bores into the central axis of the seedlmgs and destroys the growmg
point resulting in the formation of ‘dead heart’. The dead hearts can be easily pulled out and
they emit oftensive smell.

Control: (a) Treatment of seed with carbofuran 50 SP at the rate. of 10g/kg. of seed, (b)
Application of carbofuran in the whorls at the rate of 10-15 kg/acre, {c) Spraying of carbaryl 50
WP at the rate of 2 kg/ha or Lindane 20 EC at the rate of 250 mlfacre, (d) Sowing of crop early
during June will prevent infestation. : L S

2. Sorghnm stem borer (Chilo parteHus)

Symptoms: The larvae 1n1t1ally scrapes_and. feed on the leaves and m;grate into central whorl
and.this results.in the formation of ‘dead heart”.- The. dead heart can be easily pulled but 1t w11l
not give any bad odour as in the case of the shoot fly damage.

Control: (a) Spray carbaryl 50 WP at the rate of 2 kg/ha or Endosulfan (2mlfl1t) at the rate
" of 250 ml/acre at 15 days interval startmg from one month after sowing (b) Apply endosulfan
4 G at the rate of 8 kg/ha or Carbaryl 4 G at the rate of 12'kg/ha or Lindane 2 G at the rate
of 15kg/ha at 20 30 and 40 days after sowing to control the first mstar larvae which feed .on
central whorl. B _ _ .
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3. Sorghum midge (Contarinia sorghicela)

Symptoms: The maggots feed on the developing grain and ovary preventing the formation of
full grain. It results in chaffy grains. :

Control: (a) Spray ear heads before flowering with Endosulfan 35 EC (1.5ml/litre) at the rate of
300mlfacre, (b) After floweing spray carbaryl 50 WP (2.5 g/lit) or Lindane 20 E.O. (2.5 mlfitre),
(c) Alternatively dust either with Endosulfan 2% or carbaryl 10% at the rate of 10 kg/acre,

4. Sorghum earhead bug (Calocoris angustatus)

Symptoms: Both nymphs and adults suck the sap from the developing grains which results in
poor setting of grain and chaffyness.

Control: Ear head dusting with 10% carbaryl or 10% BHC at the rate of 10-14kg/ha when the
gloom appear on the panicle. '

5. Sorghum aphid { R};ophofosiphum' maidis}

¥ .
Symptoms: The aphids suck the sap from the lower surface of the young leaves and young ear
heads. The affected earheads in severe cases are ill developed and sometimes do not emerge.

Control: Spray Dimethoate (1 miftitre} or Monocrotophos (1.5 miflitre) or phosphomidon (1
ml/litre) at the rate of 250 ml/acre.

B. Diseases
1. Grain smut {Sphacelotheca sorghi)

Symptoms: Smut sori are formed in t@% of normal grains in severe cases but in light
infection only a few may be smutted. S

Control: Treat the seed with ce a%r Thiram or sulphur at the rate of 4g/kg of seed to
prevent seed borne infection. ? '

L

2. Loose smut (Sphacelotheca cruenta)

' Symptoms: - The mfected plants are dwarf, produce more tillers, flowers come early but they
are not healthy ones. Most of the infected spikelets are malformed. The infected ear gives the
appearance of leafy or leathery structure.

Control: Treat the seed with Thiram or Ceresan at the rate of 4g/kg of seed. _

3. Long smut (Tolyposporium ehrenbergi)

Symptoms: The smut sori are generally scattered sporadically through out the ear and only
rarely a few grains are smutted. : '

Control: {a) Adjusting of sowing dates helps in controlling the disease to some extent.

4. Head smut (Sphacelotheca reiliana)

Symptoms: The head is replaced by a large whitish gall either completely or partially. The gall
ruptures, often before the head emerges from the boot, to expose the mass of brown-black smut
spores. .

Control: Crop rotauon is helpful in checking the disease.

5. Rust (Puccinia pui‘purea)

Symptoms: The lower leaves first show rust infection on both surfaces. Typical rust pustules
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(Uredosori) develop mainly on lower leaf sﬁrfaces, which rupture to release reddish powdery
masses of uredospores.

In highly susceptible cultivars the pustules occur so densely that almost the entire leaf tissue
is destroyed. - ) '

Control: Growing resistant varieties on hybrids is the only solution.

6. Downy mildew (Sclerospora sorghi)

Symptoms: The fungus Sclerospora sorghi, is the cause of downy mildew of sorghum and
maize. The pathogen invades the growing points of young plants and as the leaves unfold
they show various types of symptoms. During humnid weather abundant downy white growth
(Conidiophores and conidia) is produced nocturnally on the under surfaces..

Control: (a) Collect and destroy the diseased plants before the formation of oospores, (b)
Grow resistant varieties. :

7. Ergot or sugary disease (Sphacelia sorghi)

Symptoms,. The first symptom of sorghum ergot is the secretion of creamy sticky liquid (honey
dew) from infected florets. Often the honey dew is colonised by saprophytic fungi, which give
the head, a blackened appearance.

Control: (a) The seed should be free from sclerotia, (b) The grass hosts should be removed
from the vicinity of the crop, (¢) Rotation avoiding cereals will help in reduction of the inoculum.

8. Charcoal rot (Mecrophomina phaseolina)

Symptoms: The external symptoms of charcoal rot afe Yodging and poor grain filling. The
causal fungus (Sclerotium bataticola) invades the CI’?& ough the roots and then proceeds
to colonize and disorganize the cortical tissues ofyth€ lower internodes. The lower stems of
the infected plants become soft and week resyltig in lodging, usvally at the second or third
internode. % ' : ﬁ

The disease will become serious if the sorghum crop experience drought stress and high soil
temperatures during the grain filling period.

Control: Crop rotation.

Check Your Progress - 2& 3

2. The scientific name of Sorghum stem borer is _

3. Grain smit of sorghum is caused by

Note: (a) Write the answer in the space given above.

{b} Compare your answer with the one given at the end.

12.14. HARVESTING, THRESHING AND STORAGE

In case of hybrids and other varieties with shorter plant height, the éarheads are first removed
with sickles. In varieties that grow tall, the plants are cut outright 45 to 7Scm above the ground
level with sickle and then the earheads are separated. The harvested earheads are well dried and
threshed. Cattle threshing or stone threshing or machine threshing are adopted. The threshed
grain is winnowed and dried thoroughly before storing. It should be stored in gunny bags or
seed bins or godowns. Periodical drying of grain once in a month will control the stored pests
like weevils. The sorghum yield per hectare is given below. :
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- Yield
‘Rainfed crop

_Local varieties _ = 500 Kg/ha. :

~ Hybrids and high yielding varieties = 2000 to 3000 Kg/ha -
Irrigated crop -
Hybrids and high yielding varieties 4000 to 6000 Kg/ha, .

12.15. SORGHUM EFFECT

‘The sorghum has a depressing effect on succeeding crops particularly on cotton. This may
be due to the toxic effect of root exudates of sorghum or thorough removal of nutrients from
different layers of the soil by sorghum crop. This effect is less on pulse crop. The ill effect of
jowar can be minimised by inter- cropping wlth legumes and by adequate application of organic
and inorganic manures to the succeeding crop after jowar.

.12.16. INTERCROPPING

Intercropping is commonly adopted in sorghum. Greengram or Blackgram or redgram are

. usually taken as inter crops in jowar. In Punjab guar is taken as intercrop in sorghum. Recent

studies at ICRISAT and dryland Project have indicated that 60 to 70 per cent yield advantage

can be obtained by intercropping redgram with sorghum. One row of redgram should be sown
after every two rows of sorghum by skippin@c row of sorghum, :

ARD
O :
’ N N N ‘ o . . -
~"Hybrids can be ratooned with Bood success, They give even more yields that the main crop,
if properly managed. Of ail th brids, CSH-1 is the best for ratooning and the local varieties
are not at all fit for ratooning. This is possible only under irrigated condition. ’ -

12.17. RATOONING IN JOV

The crop has to be harvested while the stem is green, leaving 10 to 15¢m stubble above
ground ievel. On the second day of the harvest, an irrigation has to be given to induce sprouting
from the nodes. Fertilizer at the rate of 60 Kg N/hectare has to be applied. Half of the nitrogen
has to be applied at the base of the stubble and covered before the 1st irrigation and the second
half, 30 days after from the date of ratooning. From each stubble, a number of sprouts will
come up. The week sprouts have to be thinned out leaving 2 or 3 good healthy sprouts in each
stubble. Maintenance of sufficient moisture from boot leaf to grain hardening stage is necessary
for getting good yields, ' '

Advantages: (a) Eventhough the ear head size is small the ratoon crop gives equal or more
yield than main crop as it puts forth 2 or 3 sprouts. '
(2) Ratoon comes to harvest in 80-85 days.

(3) Ratooning reduces expenditure on land preparation, seeds, sowing and gives more income
than plant crop, wherever it is managed well. . '

1218, FORAGE SORGHUM

- . Among the cereals, sorghum has special significance as it is extensively used as fodder crop
besides being one of the major grain crops. In recent years the varieties whick can be exclusively

161



grown for fodder purpose are being identified and five to six improved varieties of forage sorghum
namely Pusa Chari, S.L. 44, M.P chari and SSG 59-3 and pioneer forage hybrid are popular with
cultivators. From the first two varieties only one cut is taken. Two to three cuttings can be

obtained from M.P. Chari and Sweet Sudan grass (SSG 59-3) and pioneer hybrid.

~ The seed rate adopted for forage sorghum is higher than the grain crop. Seed rate for bold
type is about 40-50 Kg/ha and for small and light seeded varieties like SSG-59-3 and pioneer -
hybrid is 25 Kg/ha. Time of sowing for summer forage crop is March in North India and_Februafy
in South India. Kharif forage crops are sown in June-July. The crop is sown by broadcasting or
by drilling with seed drill in rows at 25 to 30cm apart.

 The crop is fertilized with basal application of 40-25 Kg of NPK per hectare at the time of
sowing. The crop is top dressed with 35 Kg N/ha at 30 days after sowing, The crop is ready for
first cut after 60-70 days. Tt should be cut when it is in 50% flowering. After every cut 40-to
50 Kg N/ha may be given immediately and irrigated. Subsequent cuttings are obtained 40 to 50
‘days after the first cutting.

* Yield (Average) - 40 to 50 t/ha
Under good management - 80 t/ha.

Toxicities: The young sorghum plants upto the age of 30 to 40 days contain glucoside in
appreciable quantities which breaks into Hydrocyanic acid (HCN) or prussic acid in the stomach
of animal. hence the young plants should not be fed to the animals.

Check Your Progress - 4 & 5 _

4, What are the four crops that are usually grown as inten’s@:s in .sofghum fields?.
5. The young sorghum plants should not be fed to th'e{amals - Why?

Note: (a) Write the answers Iin the space given%g :

(b) Compare your answers with tho‘se@e at the end.

U'ul.l.illu..!..l.ll‘.llln-ll.I..llll-.nl‘|o.|l|--..lc.l.ll-....l.'u-l.-ltol_ll uuuuuu
..................................................................................
.-oo------..c-..---.-..--.----..o..-.'-...'.-a...'--.....c..----....’;o.o---- ooooooooo
....................................................................................
...................................................................................
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12.19. SUMMARY

1 .

Sorghum is the most important food and fodder crop in Indi";a. The grain sorghum is richer
in protein, fat and minerals than rice and wheat grain. It is grown in'most parts of the world
either for grain or fodder purposes. In India it is mostly grown in Maharashtra, Karnataka,
Madhya Pradesh, Andhra pradesh and Gujarat contributing 90% of the total area. It is a hardy
- crop and can withstand drought better than other Kharif crops. It can be grown both in kharif,
rabi and summer season. For hybrid seed production four to six rows of male sterile line is
alternated with two rows of male parents having fertility restorer genes. The seed rate is 10
kg/ha. Tn dreas where shootfly is a problem, sorghum seeds have to be treated with carbofuran
besides treating the seeds with thiram, In kharif season sorghum should be sown immediately
after the onset of monsoon and in rabi during September. The spacing for Kharif sorghum is 45
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x 12¢m and for rabi sorghum 45 x 15cm or 45 x 20cm. The fertilizer recommenidation for rainfed
sorghum is 80:40:30 and for irrigated sorghum it is 120:60:40 kg of N, P»0s and K,O/ha, The
crop is intercultured by bullock drawn biade harrow followed by hand weedings during the third
and the sixth weeks. The duration of hybrids and improved varieties is about 120 days while local
tall types, it is about 170 days. Shootfly, Stem borer, midge and earhead bug are the main pests
and smut and sugary diseases are the major diseases in sorghum. Intercropping with greengram
or blackgram or redgram is the commeon practice in sorghum. The yield of grain sorghum under
rainfed conditions for hybrids and improved varieties is 2000-3000 kg/ha and under irrigated
conditions 4000 to 6000 kg/ha. Ratoon crop.after main crop from sorghum hybrids can be taken
by cutting the stem when it is green and aliowing the stubble to sprout. A number of varieties
are available exclusively for fodder purpose., '

12.20. CHECK YOUR PROGRESS: MODEL ANSWERS

1. Mahaboobnagar, Nalgonda and Ananthapur are the districts included in the low. rainfall
Kharif zone,

Chila partelius _
Sphacelotheca sorghi

Greengram, blackgram or redgrém are usually grown as intercrops in Sorghum field.

“os s P

The young 30 to 40 days old plants of sorghum contain glucosides in appreciable guantities
and it breaks into hydrocyanic acid or pussic acid in the stomach of animals, So the young
plants should not be fed to animals. ' *

- o R

"

12.21. MODEL EXAMINATION(QUESTIONS

.

Y" ..
L. Answer the following que:tﬁ"in about 30 lines each.

1. What characteristic feathves that shoutd be kept in view in varietal improvement pro-
gramme of sorghum? List out recommeénded varieties and hybrids for Kharif and Rubi
seasons, .

2. Describe the production of hybrid seed in sorghum.

3. What is the seed rate, Eime of sowing in Kharif and Rabi season’s, spacing, fetilizer
schedules foliowed and appreciate grain and straw yields that can be produced in jowar
under rainfed and irrigated conditions.

4. Describe the symptoms caused by important pests of sorghum afong with their coritrof_
measures,

5. Describe the various types of smut and other diseases in sorghum with their symptoms
and control measures. .

H. Answer the following questions in 16 lines.
1. Give an account of the jowar growing regions of Andhra Pradesh.
2. Give an account of intcrcu]tiva.tion and chemical weed control in sorghum.
© 3. Discuss in brief the cultivation of forage sorghum.

4. Give an account of ratooning in jowar and what are its advantages and limitations?
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13,1, OBJECTIVES

Ry the end of this unit vou wili be able to: _
1. describe the climatic requirement for Bajra, Ragi & Korra,

fist olit the seasons for Bajra, Ragi & Korra

W pa

suggest the type of seeds required and the method of sowing and transplantation of seedlings
of Bajra, Ragi & Kormra )

4. list out the Manures and fertilisers required and alse suggest the time of application of them
for Bajra, Ragi & Korra '



5. describe the intercultivation methods and also list out the herbicides used of all these crops,
6. list out the 'im_p_qrta_nt pests & diseases of these three crops and suggest the control measures,

7. describe the process of harvesting and threshing of these three crops and estimate the yields. '

13.2. INTRODUCTION

Bajra (Pennisetum typhoides L., Hindi-Bajra, Telugu-Sajja, English-Peart millet) is an
important minor millet crop. It is generally grown under marginal conditions of moisture and
fertility. The yield per hectare is consequently very low. Bajra is a poor man’s crop. It is more
drought tolerant among cereals and millets. The grain of bajra is superior in nutritive valbe to
sorghum grain but inferior in feeding value. The grain is used in the preparation of bread and
the straw is used as fodder for cattle, It is very difficult to point out the country in which it was
originated. Most of the scientists betieve that it had its ongm in Africa where it is largely grown
and 1t is a common food for the Arabs.

Ragl- (Eleusine coracana; Hindi-Marua, Telogu-Ragi, English-Finger millet) is a widely

_cultivated crop of the tropical and sub- tropical regions of the world. It is cultivated in Africa,

India, Srilanka, Malaya, China -and Japan. - In india it is growm to an extent of 2,361 million -
hectares with a total production of 2.610 m.t. India’s per hectare yields are 861 kg/ha. Among
the states, Karnataka ranks first in area and production followed by Orissa and Andhra Pradesh.

Korra (Setaria italica Beaur; Telugu-Korra, English-Italian millet or Foxtail millet) is grown
in many of the Asian, African and American countries, especially where the climatic hazards do

‘not permit the cultivation of other cereals, It ig mostly grown under dry farming conditions. It

is cultivated in many parts of the country, bi&j$ mainly grown in Andhra Pradesh, Karnataka,
Tamllnadu and Maharashtra states.

Lo,

133, BAJRA Qf{'

Bajra is a crop mostly grown in tropical and temperate regions. Important countries that

" grow bajra aré China, India, Pakistan, Iran, Egypt, South West Africa and US.S.R.

In India, Bajra is grown in most of the states except in high rainfall areas like West Bengal,
Assam and Orissa. In Rajastan, Maharashtra, Gujarat and Uttar Pradesh bajra is cultlvated on
large scale.

" Andhra Pradesh ranks sixth in area and production. Bajra covers 4.5% of the total cropped
area of Andhra Pradesh. It is primarily grown in Kharif as a rainfed crop. Among the different
districts Nalgonda ranks first in area followed by Prakasam and Anantapur. Regarding productiop.
Prakasam ranks first followed by Nalgonda and Visakhapatnam,

'13._3.1. Climatic Requirement & Soils

. Bajra is a rainfed crop and is mostly grown in areas where the annual rainfall is between 40
and 200cm. Moist weather is very useful during the vegetative growth of the crop. But at the
time of flowering and grain formation there should be no rain and the weather should be clear
and dry, Bajra is grown in those areas where it 1s not possible to grow jowar because of high

- temperature. The optimum temperature is 20-22°C,
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Bajra can be successfully cultivated in different types of soils, But it is grown generally in
black cotton soils, alluvial soils and sandy loams. Generally a heavy soil is not suitable for Bajra
cuitivation, The soil must have good drainage facility bécause water stagnatlon is very harmful
for this crop.
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13,3.2. Seasons in Andhra Pradesh
There are two main seasons for Bajra cultivation.

1. Kherif: Bajra is mostly grown uhder rainfed conditions as a kharif crop in the state. The
main sowing period is June-July and it extens up to August in some districts.

2. Summer crop: It is grown as an irrigated crop to 2 limited extent in few districts in the
state. Summer sowings are generally done in the months of January-February.

13.3.3. Land Preparation -

Bajra requires a fine seed bed free from clods as the seeds are very smail. The land should
be ploughed about 15m deep followed by working with cultivator and biade harrow for 2-3 times
to obtain fine filth. In the case of the irrigated crop the field is thrown jnto beds and irrigation
channels are formed at regular intervals to irrigate the beds. ' :

13.3.4. Seeds & Sowing

The seeds have to be treated with Thiram (250) or Agroson GN (400) before sowing for
coritrolling seed borne diséases. - :

The spacing to be adopted is 45cm between rows and 12 to 15cm between plants. The seed
should be dibbled 3 to 4 per hiils at 15cm apart. When the crop is sown with a seed drill, excess
seedlings have to be thinned at 15 days after sowing leaving a distance of 12-15cm between the
plants. Gaps in the rows have to be filled with the thinned out seedlings to maintain optimum
population. The recommended seed rate is 41%3. Only certified seed should be used.

113.3.5. Transplantation 0

About 1/15 hectare of land is requ to raise seedlings for transplanting in one hectare
of main ficld. Raised seed beds ar {'to avoid water stagnation. About 2kg of bajra seed is
required for one hectare. Seed own on rajsed seed beds (12.0 x 7.50m) in rows of 10cm
apart and at 1.25cm depth, The s are frequently irrigated by sprinkling water, The seedlings
are upreoted and transplanted after 25 days at a distance of 45cm from row to row and 15em
from plant to plant.

The seedlings are also planted in plough furrows when it is drizzling. The seedlings are
dropped behind a couniry plough at reguiar intervals and they are automatically earthed up with
the next plough furrows,

13.3.6. Manures and Fertilizers

For hybrid bajra or composite bajra, apply 2 tonnes of FYM as basal dressing before final
ploughing and incorporate the same with a country piough. The following quantities of fertilizers _
have to be applied per hectare.

Fertilizer Kg/ha No.of doses Stages
Rainfed )
Nitrogen ot 2 For direct seeded crops, half at sowing and

remaining half 25-30 days after sowing, for
transpianted crop haif at the time of trans-
planting and remaining half 25 to 30 days .
after planting.

Phosphorits 30 1 At sowing or planting.
Potash 20 1 At sowing or planting.
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Irrigated _ : . :
Nitrogen w - 2 1/2 at planting, 1/2 at 30 days after planting, -

Phosphorus 50 | At sowing or planting.
Potash _ 20 1 At sowing or planting.

Under conditions of drought vnth low soil moisture availability foliar apphcatlon of urea .

(4%) as a part or whole off nutrient has becn reportcd to be effectlve

13.3.7. Inmtercultivation & Chemical Weed Control _ '

The field is to be kept free of weeds. Intercultivation is done between rows twice or thrice
with small blade harrows or by hand hoeing, This operation has to be completed during the third

week after sowing or transplanting. The chemicals used dosagc and the tlme of application of

herbicides are given below.

The weeds can be controlled by using chemlcal herb1c1des also The hcrb1c1dcs that can be _

used, their dosage and the time of apphcatlon are given below.

Herbicide - Dosage (kg a.i./ha) Time of apphc_atlon

a) 2,4-D amine 1.2 Pre-emergence to crop and weeds

b} 2,4-D amine 0o Post-emergence 15 days after sowing.
¢) Atrazine 0375 Pre-emorgcn@ crop and weeds.

-

O

18.3.8. Important Pests and Diseases on Ba@&
A. PESTS '
1. Blister beetle : %

Symptoms: Beetles attack inflorescence and feed on pollen and petals of ﬂowers and thus
seriously affecting grain setting,

Control. (a) Collection of beetles by handnets, (b) 'I'hey may be attracted by llght traps, (c)
Spraying of chloripyriphos (2.5 militre) or Methy! parathion (2 miflitre) at the rate of 300 ml/acre.

B. DISEASES
1. Green ear disease or downy mildew (Sclerospora gratninicola)

Symptoms: The disease occurs in two stages. The leaves show downy mildew stage and ears

exhibit green ear stage. The infected plants produce more tillers and appear sick with pale and
chlorotic and broad streaks extending from base to the tip of the leaf. Fine downy growth of the

fungus may be observed below the streaks. With the advancement in disease the streaks tarn

brown and the leat becomes shredded lengthwise. Most of the infected plants fail to produce

healthy ears but give rise to green leaf-like structures,

Control: (a) Spraying of Dithane M-45 (2.5 glitre} at the rate of 500 g/acre (b) Growing
resistant varieties like HB-5, PHB-10 and PHE-14,

2. Ergot (Claviceps microcephala)

Symptoms. The disease is evident at the time of flowering as small droplets of pmklsh or Ilght
honey dew coloured fluid exceeding from the spikelets. These sclerotia replace ovary or gram
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and they are hard and contain several alkaloids. These alkaloids are responsible for poisoning
in animals. . : .

Control: (a) Use of clean seed by soaking the seed in salt solution and removing sclerotia, (b)
Long rotation may be followed to avoid soil borne inoculum.

3. Smut (Tolyposporium penicillariae)

Symptoms: 'Thé_ disease is evident at the time of grain filling, Sori project clearly beyond the
glumes and may be twice the diameter of grains. The affected grains are bright green to dark
black on maturity. o . : _ . S

Control: (a) Use of clean seed and removal of smutted ears, (b) Deep ploughing in hot weather
to kil sclerotia, {c) Crop rotation. ' .

4. Rust (Puccinia penniseti)
Symptoms: Utedosori occur is minute and round bodies in groups on both surfaces of the,
leaves, mostly towards the end of the blade, leaf sheath and stemi. ' :

Control: (a) Growing resistant varieties.

Check Your Progress - 1
What is the causal organism of smut disease of bajra? How do you cqntrol it? -

-Note: (a) Write the answer in the space givér below.

D A T T T T

'13.3.9. - Irrigation

As bajra is a rainfed crop, there is hardly any need for irrigation. If monsoon fails, light
and frequent irrigations should be. given. Enough moisture should be present at the time of
flowering and seed development.

Four to six irrigations are required to the crop grown in summer. The frequency of irrigation
depends on the physical condition of the soil and weather conditions prevailing. in. a given area
during the crop season. The ciop may fequire irrigation once in 10 to 15 days. ‘Excess water
should be drained out in time. o

13.3.10. Hawesting, Threshing & Yield .

The crop generally. matures in 85-90 days. The main shoots mature earlier than the tillers,
The rainfed crop has a prolonged tillering phase and sothe “harvesting is done in two or
three instalments' at intervals of about a.week. The irrigated crop is generally hdrvested in
one instalment, The earheads are generally removed first by sickless and then the straw. The
earheads are dried on a drying floor and threshing is done by stone rollers or by cattle. Machine
threshing is also done to some extent. The grain has to be winnowed, cleaned and dried perfectly
before storage, '
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Higher yields can be obtained with Bajra hybrids or composites than local varieties both
under irrigated and rainfed conditions. The yield attributes are effective number of tillers, length
of earheads, number of filled grains per earhead and thousand grain weight. Hybrids have better
tlllermg ability whlch contributes for more grazn yleld

. The yield of grain is 800-1000 kg/ha under rainfed conditions. Under 1rr1gatcd condltrons
improved varieties can yield 1500-2000 kg/ha. The yield of dry stalk is 3000-4000 kg/ha.

134. RAGL

1n Area, _M'ahaboobnagai stands first followed by Visakhapatnam and Chittor while in
production Anantapur ranks first followed by Chittor and Prakasam.

Ragi is mainly grown for the sake of grain. It is a favourite food of the hard toiling class
and also very useful to persons suffering from diabetes. In South India the grains are malted
and fed to infants also. It is a nutritive food for adults of dlfferent ages. Rag1 stalk is considered
tobe a good fodder.

13. 4 1. Seasons in Ahdhra Pradesh

Ragi is not a season-bound crop, so it ¢an be grown throughout the year if water is ava;lable :

There ate three seasons m Andhra Pradesh.

Kharif.(May to August)

In Srikakulam and Visakhapatnam di'stricts; it is grown in 25% of the atea as early crop with
short duration (80-90 days) varieties from May to July befogcj'le planting of paddy in wetlands
as-‘Punasa Ragi’ or ‘Burada chodi’, AKP-Z, is recomme ' '
Main Seascn or Pedda Panta (July-August to bWber—December)

~ The main seaspn is Pedda Panta after the o@of monscon. The varieties found suitable
are VZM-2, Sarada (AKP-7) and C.R. 652 (x@am Ragi).

Rabl and S_umrner Seasons {. November-December to February-March)

In the Rabi season it is grown as an irrigated crop known as ‘Pyru Ragi’ or “Pyru Chodi’.
As the crop is grown under assured irrigated conditions, the yields are high. VZM-2 Varlety is
recommended. ;

13.4.2. Climate -

1t is the only cereal crop thriving equally well both in the warm plains and in the cold hilly
rcglons 1t is grown whers the rainfali anges from 50cm to 90cm. The optimum temperature
range is from 219-40°C throughout the crep growth. In regions of hlgher rainfall and under
irrjgated conditions it can be grown as a transp!anted crop.

13.4.3. Soils

It can be grown in light red-loams and sandy toam soils of good fertlhty Ciayey soils o
heavy black cotton soils are not suitable for this crop. Likewise gravelly and stony soils are also
not suitable for this crop. It is moderately tolerant te alkalinity.

13.4.4. Recommended Varieties & Characters

Visakhapatnam and Srikakulam region AKP-2, VZM-1, VZM-2, Sarada

Chittor, Cuddapah, Hyderabad - ' Kalyani (KR-652), H-1
Upland of East and West Godavari Dist -PR-202
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The important varicties, their duration, yield etc are given below,

Variety Duration Yield - Remarks
- (days) (Kg/ha)
PR..202 115-125 2900 " Suitable for rainfed punasa and irrigated
(Godavari) pyru.  Grain are brown high stability of
' performance.
HPB-76 110 3000 A derivative from the c¢ross between the

varieties Hamsa and Purna. Heavy tillering,
grains are brown, uniform maturity, height

. 88cm.
Shakti 120-Kharif 1604-2000 Has tolerance to moisture stres, Good tiller-
128-Rabi {(dry) ing with high synchronization, grains are
. 2500-3000 reddish brown, bold and non shedding.
(irrigated)
Kalyani 110-115 3500-4000 Suitable for Kharif and summer seasons.
{(CR-652) , Seed is reddish brown, tillers 2-3 and 8-10
fingers per ear.
t .
Sarada 112-120 3500 Tillers 3-4 and suitable for late Kharif,
(AKP-7)
AKP-2 Q :
AKP2 8590 2000-5000)  Used for Burada Chodi, Tillers 2-4 and 37
(irriga?d.) fingersfear. _
VZM-1 100 3 Suijtable for punasa season. Tillers 3-5 and
@ 5-7 fingers/ear.
VRM-2 105-110 500 ‘ Suitable for pyru, 3-3 tillers and 5-7 fin-
gersfear.
Hamsa 85-90 2200-{dry).4000  Good and synchronized tillering and high
(irrigated) % of productive tillers.

18.4.5. Preparation of Land

Ragi requires fine tilth. The first ploughing is given just after the harvest of the preceeding
crop. (enerally preparation of land starts after the first shower of rain. Ploughing with mould
board plough followed by harrowing and planking is necessary to make the land quite suitable
for crop growth.

. 13.4.8. Sowing Methods

General methods of sowing are: (a) Broadceasting, (2} Drilling, (3) Dibbling of seeds, (4)
Transplanting

Broadcasting: In drylands sowing is done by broadcasting and the seed is covered by
working blade ha-tow. Seed rate for broadcasting method is 8-10 kg/ha.

Drilling: Seeds are drilied in shaliow depths (1-1 1/2cm) by bullock drawn seed drills. This
is generaily practiced in Kayataseema and Telangana regions. The seed rate is 6kg/ha.
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Dibbling: Dibbling of seeds at 20cm row to row and 15cm plant to plant distance gives
good results. ' '

13.4.7. ‘Transplantation

Transplanting of ragi is mostly practiced in areas where the crop is grown under assured
irrigated conditions and in heavy rainfall areas. Seedlings are raised in special nurseries and
thinnings from broadcast or drill sown fietd are also used. The seedlings are transplanted in line
in beds or on ridges at the rate of 2 seedlings per hill. Nursery of 8-12 cents will be sufficient
for one hectare of land. Seed rate is 4-6 kg/ha. :

Age of Seedling: For tran'spl'antation' should be 21 days for short duration varieties and 28-
days for long duration varieties. Delay in transplanting reduces the yietd.

_Spacing generally depends on the duration.’ Season and variety. A spacing of 25 x 15cm for
“long duration varieties and a'spacing of 15 x 10cm for short duration varieties is given. '

13.4.8. Manures and Manuring

The crop _réspor;ﬁ's"to manuring although it is seldom given due recognition. Sheep-penhing
at 3500-3000 sheep per hectare is also practiced.

Fertili'zersi;' schedule for Jocal varieties is 45:22.5:22.5 and for improved varieties 90:45:45 kg
NPK/ha. Nitrogen is applied in two splits i.e. 1/2 at planting and other half 21 days after planting.

' Che'ck Youf- 'f;'rogresé -2 ' ._ h O 0
At what age do yot::'tranSplant the seedlings of Ragi?
Note: (a) Write the answer in the space given below

(b) Compare your answer withr the one gi@ﬂt the end. _

..................................................................................
....................................................................................
.......................................................................................

.....................................................................................

13.4.9. Important Pests and Disease on Ragi
A. PESTS |
1, Ragi Pink borer (Sesamia inferens)

Symptoms: The larvae immediately after hatching bore into the stemn and feed on it resulting
in the formation of ‘dead hearts’. During flowering time the same larvae may cause ‘white ears’.
The larvae migrate from one plant to another and cause damage. : :

Control: (a) Apply carbofuran 3 G granules .or' Endosulfzn 4 G granules in the central whorl
at the rate of 8kg/ha, (b) Crop rotation. '

2. Ragi cut worm (Spodoptera exigrea)

Symptoms: The larvae attack the nursery and main crop. The larvae feed on leaves voraciously
and cause considerable damage. '
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Control: (a) Spraying chloripyriphos "(2.5 mlﬂitre) or Monocfotophoé (1.5 nﬂf‘liti'é) ‘at the rate
of 300 ml/acre during evening or early mornings. (b) Making trenches and applying BHC to
prevent migration of larvae from one field to another. _

3. Ragi Thrips (Heliothrips indicus)} N o _ _
Symptoms: Nymphs and aduits lacerate the leaf tissues and suck the sap resulting in: the
formation of silver glissery strips on the _Inwo_:r side of leaves. The leaves become brittle and the

plants become stunted.

Control: (a) Spray Methyl dematon (2mllitre) at the rate of 300 mlfaci'e'or Dimethoate tl
ml/litre) at the rate of 250 ml/acre. -

4. Ragi root aphid (Tetranewra nigriabdominates)

Symptoms: Thé plants are susceptible both in the nursery and the mainfield. Numetous pale
green aphids attack the roots and suck the sap. In severe cases the plants die. Colonies of aphids
may be seen when roots are observed,

Control: (a) Drench the soil with BHC 0.5% solution or D_i'methoafe (1 nillllitr_e) at the rate
of 300 ml/acre. ' S o

B. Diseases .

1. * Blast (Pyricularia sp.) .

Symptoms: The lesions start as characteristic spindle shaped spots on the leaves with yellow
-margins and greyish green centres. Later the bentre becomes grey or whitish grey. The plants
are susceptible at all stages of crop gro e fungus attacks the node-and neck region of
panicle causing node and neck blasts, %

Control: (a) Spraying Edifenphos xyfl'itrc) at the rate of 250 mlfacfe, (b) Judi_c'io_us application
of N-fertilizers. @ ' R .

‘2. Seedling blight or Foot rot (Helminthosporium nodulosum)

Symptoms: Light brown lesions appear on young seedlings. With the development of seedlings
the lesions elongate and become dark brown. Several lesions may coalesce to form large patches
and finally blighting occurs. Post emergence rot also is observed wherl basal portion of seedlings
and roots is affected, : )

Control: (a) Seed treatment with Thiram or Ceresan at the rate of 3 g/kg of seed controls seed
borne infection, (b) Spraying Bavistin (1 gllitre} or Dithane M-45 (2.5 g/litre) at the rate of 250
and- 500g respectively. . N _ .

3. Wilt (Sclerotium rolfsii)

Symptoms: The basal portion of the stem and basal leaf sheath become water soaked and soft,
which later turn brown and dark brown. The plants wilt with the advancement of the disease.

Control: (a) Crop rotation, tb) Good drain:igé.

4. Smut (Melanopsichium eleusinis)

Symptoms: The disease is clear only at the time of grain fi!ling.’Few sOri are ﬁroduccd_in
the place of healthy grains. The sori are rounded, greenish to dirty black in colour 5-15mm in
diameter. ' '

Control: (a) Crop rotation, (b) Use of clean and healthy seed, (¢} Growing résistént varieties.
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5. Mosaic disease complex

The disease is caused by one or more viruses and one or more species of Helminthosporium

and Sclerotium rolfsii,

Symptoms: The plants are susceptible to disease at all the stages. The initial symptom is
chlorsis followed by severe stunting and mosaid mottling. The affected plants rarely flower and
even if they flower, they will be completely chaffy. With the advancement of disease the plants
wither prematurely and die. '

Control: (a) Application of high doses of phosphatic fertilizes. (b) Spraying of BdVlStll'] (1
g/htre) or Dithane M-45 (2.5 gflitre).

Check Your Progress - 3
Foot rot of Ragl is caused by

Note: (a) Write the answer in the space given above.
- (b) Compare your answer with the one given at the end

138.4.10. Intercultivation & Irrigation
-

' Two hoeings followed by hand weedings is the general practice. A row crop can be
intercujtivated with buliock drawn implements, like fyned guntaka.

The beds are irrigated on the 3rd day after transplanting and then. once in a week regularly.
In the case of good retentive soils like black clayey loams, the irrigations are given once in a
fartnight. Adequate moisture is necessary at flowering and@in setting stages.

138.4.11. Harvesting & Yield ?f:}
Irrigated ragi tillers freely and maturity is u;%:n as the main shoot ripens earlier than the
tillers. Harvesting is generally done in two st ry crops do not tiller much and the earheads

mature more or less uniformly. The earheads 4#€ cut with sickles and then the straw is removed.
‘The harvested earheads are heaped up for 3-4 days. During this period it undergoes slight

- fermentation. Heat also develops inside. This process is known as curing which helps the grain
to separate easily from the night grip of the spikelets. Then the grains are separated by beating
with sticks with manual labour or by using bullock drawn stone rollers or by machine threshing.
The grains are winnowed and stered properly. '

Yield Grain - Straw

Rainfed crop 700-800 1100-1800 kg/ha
Irrigated 23003500 3500-5000 kg/ha
13.5. ‘KORRA

The '1m'portant setaria growing districts are Kurnool, Anantapur, Prakasam, Cuddapah and
Mahabopbnagar. The grains are used for food. The dehusked grains are cooked and then
utilized as cattle feed.

13.5.1. Climatic Requirement

 Setaria is essentially a dryland crop and suited to conditions of low or moderate rainfall
ranging from 400 to 600 mm. It is grown from mean sea level to 200 m and can be grown in the
foot hills of the Hlma]ayas It can w1thstand weather, hot or cold.
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13.5.2. Soils

The crop can come up on a variety of soils ranging from light red loams to black cotton
smls. heavy and sticky soils seem to be well suited for the crop. '

13.5.3. Seasons

Early crop : May-June-Srikakulam and Visakhapatnam.
Main crop : June-July-Other Coastal distriets,
July-Aug-Rayalaseema and Nellore
Late Crop : Aug-Sept.-As a mixed crop with Cotton in Rayalaseema
Irrigated Crop : Dec.-Jan. to Feb, - March. .

13.5.4. Recommended varieties

The important varieties, their duration, characters etc are given below.

VYariety Duration Yield Characters . Recommended
- (Ka/hn) " areas.
Arjuna 90-95 1200-1600 (rain- Talt plant type.(150 cm} For Guntur and -
: fed) 2000 Irri- shytillering (3-4/hill). Pro- Ongole districts. -
gated) tein content is 12.5% suit- S
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able to irrigaied and rain-
fed conditions. Semicom-
ct panicle bulging in the
ddle and tapering at tip.

N-1 90 -do- O Same as above but having For Kurnool and
. more tillers, Cuddapah. .
H-1 ‘80-85 1600 kQ’" Heavy fillering, 100-120 All disiricts of

cm height, compact pani- Rayalaseema.
_ cie with short hairs
H-2 80-90 2000 kg compact panicle w1th short Black cotton soils
hairs. of Rayalaseema.

13.5.5. Seeds & Sowing

A fine seed bed has to be prepared by repeated ploughings and harrowings. The weeds and
stubbles of the previous crop are collected and removed from the field.

Spacing adopted is 25-30 cm between rows for drilled crops. Irrigated crop is generally sown
by broadcast and then beds and channels are formed. The seed rate per hectare is 7-10 kg.
Korra + cotton is a common mixiure in Rayalaseema. It is also mixed with Ragi, Jowar, Castor -
and Pulses.

13.5.8. Intercultivation
One hoeing has to be given with buflock power using metal guntaka or Danti followed by
hand weeding.

13.5.7. Manures and Fertilizers

Generally F.Y.M. or compost at the rate of 16-20 cart loads per hectare has to be appllcd
at the time of land preparation. The recommended fertilizer dose for improved varieties is 40
kg N and 30 kg P»Oq/ha. Full dose of phosphate and half of the amount of nitrogen has to be
appiied at sowing and the remaining half at tillering. .



13.5.8. Important Diseases on Korra '

1. Downy mildew or Green ear disease (Sclerospora graminicola) Symptoms: The
terminal spindle does not unroll. It later becomes chlorotic and turns brown. The infected
plants may not flower under severe conditions. In the cases of mild attack the floral parts are
converted to green leafy structures. ' '

Control: (a) Seed .'t_reatment with Ceresan or Thiram at the rate of 3 g/kg of seed, (b) Removal
 of affected plants. - o _ N . :
" 2. Rust (Uromyces setariae-italicae)

Symptoms: - On both 5urfaces;-_.of leaves numerous minute, brown uredosori appear initially.
Sometimes they are arranged in linear rows and in severe infections they completely cover the
entire blade. S ' ' ' '

Control: (a) Calixin {1 miflitre) spfay two times is effective, |

3. Smut (Ustilago crameri}

" Symptoms: The fungus attacks majority of the girai'ns in the 'pa_'n_iclc and produces sori of 2 to

4 mm in diameter.

Control: (a) Seed treatment wltlg Thiram or Ceresan at the rate of 3 g/kg of seed.. (b) Steeping

the seed in 2% copper sulphate. selution for 10-to 30 minutes.

13.5.9. Harvesting and Threshing =~ -~ o

The carheads are-harvested bgr sickles and removed ﬁ’tbthreshing ‘ﬂ.oor, where they ar
kept piled up for a few days and then threshed by bullocks or use of stone roflers, - -

Yield: The avérage yield of Kotfa is 600-860 kg@-but under :favnurablc conditions it may go
upto 1500 kg/ha, The straw is thin and can be@ unchaffed to cattle. -

-

Check Your Progress - 4
Downy Mildew of Korra is caused by

Note: (a) Write the answer in the space given above.

(b) Compare your answer with the one given at the end.

13.6. SUMMARY

Bajra is more drought-tolerant among cereals and millets. Bajra is mostly grown in tropical
and temperate regions and in India, it is grown in most of the states except in high rainfall
areas. It is grown in areas where the annual rainfall is between.40 and 200 cm and the optimum
temperature requitement is 20-28°C. It can be grown both in Kharif, Rabi and summer seasons.
The seed has to be treated with thiram or agrosan fo avoid seed-borne diseases. It can be sown
by dibbling, drilling and transplanting and the recommendgd seed rate is 4 kg/ha " Fertilizer
requirement is 80 : 30 : 20 kg of NPK/ha for rainfed bajra angd 100 : 50 : 20 kg of NPK/ha for
jrrigated bajra. Bajra crop matures in 85-95 days after sowing: The grain yield is 800-1000 kg/ha
under rainfed and 1500-2000 kg/ha under irrigated conditions.

Ragi is very useful to persons suffering from diabetes and the grains are matted and fed to

infants also. It can be grown in Kharif, Rabi and Summer seasons. it is the only cereal crop
thriving equally welt both in wari plains and in the cold hilty régicns. It is moderately tolerant to
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alkalinity. General methods of sowing are broadcasting. drilling, dibbling and transplanting. The
seed rate varies from 8-10 kg/ha under broadcasting to 4-6 kg/ha under transplanting. Spacing
is 20 x 15 cm for long duration varieties and 15 x 10 ¢m for short duration varieties. Fertilizer
schedule for local varieties is 45 : 22.5 : 22.5 kg of NPK/ha and for improved varieties 90 : 45 :
45 kg of NPK/ha, Grain yield is 700 800 kg/ha under rainfed conditions and 2300-3500 kg/ha
under irrigated conditions, o L

Korra is mostly grown under dry farming conditions. It can withstand both hot and cold
weather, Heavy and sticky soils are well suited for this crop. Spacing adopted is 25-30 cm between
solid rows. Seed rate is 7-10 kg/ha. Korra + Cotton is a common rixture, It is also mixed with
Ragi, Jowar, Castor and Pulses, Recommended fertilizer dose for improved varieties is 40-30-
Okg of NPK/ha, The average yield of Korra is 600-800 kg/ha but under favorable conditions it
may go up to 1500 kg/ha. - ' . B

13.7. CHECH YOUR PROGRESS : MODEL ANSWERS

1. The smut disease of bajra is caused by Tolyposporium penicillariae. It is controlied by the
- () use of clean seed and removal of smutted ears, (b) deep ploughing in hot weather and
(¢) crop rotation, ‘ ' o

2. For transplantation the age of the seedlings of R'agi should be 21 days for short duration
varieties and 28 days for long duration varieties. '

Helminthosporitm nodulos uhz

Sclerospora graminicola ‘ '
. O

138. MODEL EXAMINATION QUESTIONS
. b L

I. Answer the following qu s%s in about 30 lines each.,
1. Describe the soil, climaticﬁuirements and sowing seasoﬁsbf Bajra, Ragi and Korra,

2. Write in brief about the sowing methods and recommended varieties of Ragi for different
regions of AP, -

3. Explain the symptoms of impprtant disea_’s"gé on Bajra with control measures. .

4. Discuss in brief the Packagefiir_actices of Korra cfop.

II. Answer the following qﬁgstions in 10 lines.

1. Give seed rate, spacing and manurial and fertilizer schedules for rainfed and irrigated crop
of Bajra. ’

2. Describe any two hybrids and composites of Bajra with reference to their duration of sowing
season, resistance to pest and diseases and yield potentials.

Give a brief account of control measures of important pests of Ragi.

Mention the symptoms caused by important diseases of Ragi.
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4.1, OBJECTIVES RS
OBJE ~

By the end of this unit you will. be able to: ?N
describe the climatic requirement for gro g:’ _
" suggest the type of soils requ1red and seasons for groundnut, _

hst out the crops used in crop rotation and’ mtercroppmg in groundnut ﬁelds,'

descnbe the method of field preparatlon, seed inoculation & sowmg of seeds,

suggest the manures and fertilisers required, and describe the method of intercultivation,

describe the method of harvcstmg and threshing,

R N S

list out the pests and cllseases of groundnut & suggest the control measures.

14.2. INTRODUCTION

Groundnut is the leading oil seed crop of India in terms of area (46.72%) and production-
(67.27%). Groundnut is primarily grown for oil purpose and is used for cooking. It contains.
. about 45% oil and 26% or protein. Kernels are also consumed as raw or in roasted form, Tt is
also good source of ail B Vitamins except B 12 and vit. E. Oil cake can also be used as orgamc .
manure or as- ammal feed and contains 7.8% Nitrogen. :

In India it is mainly grown in Gujarat, Andhra Pradesh, Tamllnadu, Maharashtra and
Karnataka and accounts for nearly 50% of the area and 64% of production. ' '

" During the last 50 years the area undér Groundnut has mcreased by 146% and productlon
by 96% but the productmty has dcchned by 20%

178



179

Average yields in India under rainfed and irrigated condition are about 876 kg/ha arnd 1546
kg/ha respectively where as in Israel it is 5784 kg/ha. There is great instability in production and
productivity.

In Andhra Pradesh it is cuftivated in about 14 lakh hectares in all the 3 regions with total
production of about 12 lakh tonnes. Ananthapur has the highest area followed by Chittoor,
Kurnool, Mahabocobnagar etc.

14.3. CLIMATEC_ REQUIREMENT

It is essentially & tropical plant and requires long and warm growing season. It requires
50 cm to 100 cm of well distributed rainfall. The optimum temperatures for vegetative growth
period is between 27°-30°C and for reproductive growth it is between 24° to 279C. Constant
temperature above 33°C at the reproductivé phase has adverse effect. Similarly the top seil
temperature of less than 18°C affects the germination. Rabi groundnut is raised on limited area

where night temperature do not go below 15°C. Southern States are most suitable for rabi crop.

144, SOIL

Groundnut thrives best in weil drained sandy and sandy loam soil as the light soil helps easy
penetration of pegs. Clay or heavy soils are not suitable as they interfere in the penetration of
pegs and harvesting becomes ditficult, Ofterf yields are limited by the physical condition of the
soil. After flowers-are fertilized, peg is formed and this has to penetrate the soil upte a depth
of 5 em where pod development takes pl ace.\% penetration is influenced by the soil condition
at the surface and pod development depgtds on the soil conditions surrounding it. In rainfed
groundnut, when there are prolonged diy4pells between two rains, the sandy clay loam soil
becomes hard due to loss of mois r&ﬁud compaction of the soil takes place. When the soil
strength exceeds 3 bars, neg peneté_‘m is hindered. When the bulk density of the soil increases
beyond 1.5 g/ec, pod developméinis hindered, Application of powsdered groundnut shells to the
soil at 5T/ba or EYM at 10 T/hdor Gypsum at § T/ha improves the soil physical condition.

Bl drained saline soils are not suitable. Salinity upto 3200 micromhos/cm will not aifect the
yields but 4700 mm/cm wili reduce the vield by 50%, whereas at 6500 micromhos/cm no yield
will be obtained. Scils containing high clay content with more than 5% Na, more than 8pH and
CaCO3 more than 4% are not suitabie for groundnut cultivation. .

14,5, SEASOM

The rairfall, temperature and seil nutrients, pests and diseases are major factors which limits
yield. Due to varied climatic conditions in ovr country, the seasons vary considerably.

i, Kharif:

About 90% of the area in India is under rainfed condition and sowings are taken from May
to July depending upon the rains. :

The cnset of 8.W. monscon (rainfall) determines the actual jtem of sowing of rainfed crop.
The c_ptimum time for sowing groundmut in different states is given: below,
1. Andhra Pradesh

1a) 'Te]angan'a and Coastal vegion ; First fértnight of June,
{b) Rayalaseema region : Middie of June to first week of July.



2. Gujarat :  15th June to 1st week of July.

3. Karnataka : (a) Bunch varieties 1st week of Juns.

_ {b) Spreading: From last week of Jurie to end of July
4. Maharashtra . 1 Last week of June to first week of J uly '
5. Punjab : 20th June to 10th July.

6. Tamilnadu . - (a) Pollachi Tract (Coimbatore Dist) : April.
e .. «{b)-Rest of the State : First fortnight of July: .

2. Rabr/Summer -

Temperature is. an important factor in cultwatmg the 'KabifSu-'nmer groundmyt. If the
temperature of the top 10 cm soil is less-than 18°C and night temperature goes below 15°C
emergences of seediing will be slow and crop stand will be poor. Fence rabi/summer groundnut
is cultivated only in the stages like Tamilnadu, Andhra Pradesh, Karnataka, Orissa, Maharashtra,
and Gujarat whére temperatures are favourable and the winter is not severe. Rabi crop is

normally. taken from September onwards on residual moisture in rice fallows. Some time 23

jrrigations are also given at later stages when winter rains are scanfy. Summer groundnut is
taken only under assured irrigation and sowmgs are tasen from December to Jaauary in Andhra
Pradesh, Tamilnadu, Karnataka and Orissa where as in Maharashira and Gujarat the sowings

are taken up from 2nd fortnight of January. to 1st fortmght of Februar} Actual sowing times of

Rabi/Summer Groundnut are gwen below.

1. . Andhrca Pradesh _ _
(2) Telangana Last week of September to mlddle of October _
(b) Coastal Andhra Pradesh in rice fallows: Middle of I\@mher to tast week of December.

{c) Rayalaseema. ' ' 0
- Kurnook and Mahaboobnagar: Middle of De@nber t0 ear!y Ianuary

2. Karnataka T DA e
* (a) Raichur area - Middle of bioveinber t&\ir'd _wee._k' of December.
(b) Dharwar' - D.ec. to 1st week of January. |
3. Maharashtra . . | o |
| (a) Marathwada Tegion - - Middle of January to Thrrd week of February
“(h) Vrdharba Middie of Nov. to Early December '
4. Tamilnadu; Middte of Dec. to Early January.
Gujarat : Last week of J anuary

Orlssa (coasta! dlsmct) October-November January to eariy February

14.6.. CROP ROTATION AND INTERC_ROPPING -

Generally Kharif groundnut is sown year after year under rainfed condition. In certain areas
where late rains are received or winter rains are sufficient or irrigation facilities are available
groundnut is followed by rabi crops viz,, wheat, jowar, ‘barley; bengal gram, safflower, sesamum,

linseed, rapeseed, mustard, onion and potato. The secorid crop of groundnut during Rab¥/Summer

is also taken after cotton, cowpea and soyabean, Under intercropping by appropriate row
arrangements it can be profitably grown along with redgram, cotton, castor, tapioca, the iong
duration crops, while short duration crops are sesamum, sunflower, cowpea, greengram. and
blackgram. The intercrops suggested for different states is given below.
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Intercropping system
1. Gioundnut + Redgram 5:1 or 7: lor 10:1

Groundnut + Bajra 5:1
Groundnut + Cowpea 6:1
Groundnut + Castor 5:1

Groundnut + Greengram 31, or 5: 1. : .
~ Table 14.1. Crop Rotation for different regmns of Andhra Pradesh

Rainfed .Residual Irrigated
(Two year mono- moisture {Double crop-
: . cropping) o+ {Double - ...- ping one
Region - _ .. o cropping - year)
_ ... one yeary - Co
1. Telangana Gnut-Jowar = Groundnut- = Groundnut-
' = .. Bengalgram = Maize
_ ' G.nut-Maize . Gmuat-Saff G.nut-Onion _
- 2. Rayalaseema G.ut-Jowar (R) =~ Gnut-Saff- . Gnut-Maize .
o ' 7 lower ' . o
G.nut-Korra .
Gmt-Tobacco
. G.ut-Bajra .
-3, Coastal ' G.nut-Ragi G.nut-Sesamum _G.nut-Sesamum_' '

(AP) G.nut-Bajra . (Rabiy .~ (Rabi)

Bajra = Pearimillet, Ragi = Finger millet. *
Korra = Italian millet, Jowar = Sorghum.

All the cuitivated groundnut van&?es belong: to varieties of hypogea and- vulgans The
groundnut belongs to the iegumin@»e family. )

It is an annual plant grows@n‘?;o to 60 centimetres height.

14.7. VARIETIES

If 1mprovecl varieties are used the yleld increase will be by 20% over local, The 1mproved
varieties recommended for different states are as follows (Kharif). S

1. Andhra Pradesh : K-1, K-2, K-3, TMV-2, J-11, JL- 24, M 13, TMV- 10, Spanlsh improved.

.2, Tamilnadu : TMV-1, TMV-2, TMV-3, TMV-4 T™V-7, TMV- 8 TMV-IO TMV-11, TMV-
12, POL-1, POL-2, Co-1, and Co-2,

Karnataka Spanish Improved S- 206 S-230, Dh-3- 30 KRG—

Maharashtra ; 'AK 12- 24, SB X1, TG- 1 JL-24, TG- 17 Kopergan-l Kopergan-S Karad 4-11.
Gu;aratL J-11, GAUG-1, GAUG-11),

Punjab: PG-1, C-501, M-_14S, M-13, M-37, M-197.'

= SRV R N,

Varigties Recommended for Ra'.bi/' Snmrner

1. AndhraPradesh : TMV-12, 3-11, K3,

2. Tamilnadu : TMV-2, TMV-7, POL-2, and Co-1. o
3. Karnataka: S-206, Dh-3-30, Spanish imprc’:vled, TMV-Z, KRG-1.
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Orissa : AK 12-24, Kissan.
5. Gujarat: J-11, GAUG-1, and GG-2.
6. Maharashtra : AK 12-24, Karad 4-11, UF 70-103.

Some of the important varieties, their durattion, yield and characters are given in the Table-
14.2. ' :

14.8. FIELD PREPARATION

For Kharif groundnut land should be prepared thoroughly with receipt of summer showers.
This will help in sowing the crop early. Deep ploughing should be avoided because deep ploughing
encourages development of pods in deeper layers of soil which makes harvesting difficult. One
ploughing with mould board plough foliowed by two harrowings would be sufficient to achieve
good tilth. One of two summer cultivations reduce the weed problem, Groundnut requires fine
tilth,

149, SEED INOCULATION

Inoculation of Groundnut seed with efficient strains of N fixing bacteria is recommended
for areas where Groundnut is not previously grown. Response to inoculation in traditional
Groundnut area is not obtained. Inoculation of seed with Rhizobjum can be done by any of the
following methods.

1.. Slurry method : Slurry of 5% jaggery is prepan g;)disso_lving 5 g of jaggery in 95 ml of
water, For 100 kg seeds about 800 ml shurry is peeded. 200 grams of peat based Rhizobium
culture is added to the cold slurry. Seeds are_evénly spread on slab and inoculation slurry is
spread on the seed uniformly without ruptur he seed coat, After inoculation the seeds are
dried under shade and used for sowing,

2. Pelleting : About 200 g of peat based culture is added to 800 ml of 5% cold jaggery slurry.
This mixed slurry is coated uniformly over seeds. When the seeds are still wet, the seed is further
treated with 200 g of finely powdered calcium carbonate to get uniform coating. Pelleted seeds
can be dried in shade and used

3. Trickle method : About 400 g of peat based Rhizobium culture is suspended in 50 Iitrgs :
0

of water and suspension is trickled into seed row using a hopper and bamboo tube. About
litres will be adequate per hactare. Suspension can also be trickled through tap fitted to plastic
bucket.

14.10. SEEDS AND SOWING

Bold and well filled pods should be selected and shelling can be done by hand or power
operated decordicator. Shelling must be done preferably just before sowing as the ‘viability is
lost faster and are attacked by store grain pest due to storing for lopg time. Small, shrivelled,
damaged and broken kernels should not be used. Before sowing, the seeds should be treated
with: Thiram at the rate of 3 g/kg or Bhavistin at the raté of 2 g/kg. Kernels retained in 5 mm
sieve may be used for sowing. : '
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14.11. PLANT POPULATION (SPACING)

Generally for bunch types 30 cm x 10 cm (100-110 kg seeds/ha and plant population of 333
lakhs/ha) and for semispreading and spreading types 30 cm x 15 cm (95 - 100 kg/ha seed and
plant population of 2.22 lakhs/ha) spacing recommended for rainfed groundnut. The spacing
between row depends on rainfall, soil type, fertility, variety, and cultural practices adopted.
Considering all these optimum spacing recommended for g-oundnut in different states is as
follows for rainfed condition. '

-State Bunch varieties Semi-spreading/
Spreading varieties
Andhra Pradesh 30x 810 CM 30x 15 CM
Gujarat 45x W0 cm 60x 10 cm
Karnataka 30 x lucm 45x15em
Maharashtra 30 x 8/10 cm 45x 15¢cm
-Punjab 30x 225 cm
Tamilnadu :
{(a) Tindivanum region 30x8 30x 20 cm (R and )
(b) Aliyarnagar region 15 x 15 cim (rainfed) '

30 x 10 cm (frrigated) 22.5x 15 cm

For irrigated condition bunch type or semi-spreading types are only suitable and the optimum
plant population is 4.44 Jakhs/ha with a spacing of 22.5 x bm To achieve this 140-150 kg
of seeds per hactare is recommended. Seeds can be driffed with improved seed drill or behind
country plough. Seeds shouid be sown 5-7 cm depth § @ soils and 4-5 ¢cm in heavy soils.

14.12. MANURES AND FERTILIZ%?Z

Application of FYM at the rate of 10 T/ha improves the physical condition of the soi besides
supplying nutrients. Varieties differ in their response to plant nutrients. Balanced fertilization
has been found to be beneficial. The optimum dose for rainfed groundnut in general is 20-25
kg N/ha and 20-40 kg P5Ogq /ha. When potash is deficient, 20-40 kg K,O/ha is apphcd The
recommendations for different states are given below,

State Rainfed (Kg/ha) Irrigated {Kg/ha)
N P K N P K
Andhra Pradesh 20 40 20 30 60 45
Guijarat : 12.5 25 0 25 - 50 0
Karnataka 15 30 25 25 75 25
Maharastra 20 40 0 - - -
Punjab 15 49 .25 8 26 24
Tamilnadu
a. Aliyarnagar
region 11 22 33 22. 44 66
b. Tindivanum .
region 10 20 45 10 10 75

Response to PyOq is not obtained unless the soil available P;Ox is less than 35 kg/ha. Single
super phosphate is the best source of P fertilizer as it contains 19.5% Ca and 12.5% sulphur
besides 16% P,0g. Nitrogenous fertilizer can be applied into doses.
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Calcium deficiency leads to pops. Sﬁlphur is directly involved in bio-synthesis of oil. Since

 the developing pegs and pods take up Ca and S from the soil in the pod zone, about 500 kg/ha

Gypsum which is the cheapest source of calcium and sulphur, has to be placed in the pod zone
at the time of first bloom. Zinc deficiency is common in sandy soils and can be corrected by the
application of 50 kg/ha of zinc sulphate to the soil once in two years. The critical limits of cafcium
and sulphur are, 2 meq/100 g of soil and 10 ppm respectively in the pod zone (0-5 cm depth of

soil}. If the soil test values indicate less than the limits, application of gypsum becomes necessary.
“Gypsum contain 24% calcium and 18.6% sulphur. The zinc should be applied wherever the zinc

‘groundnut seed. Inter-cultivation with bulloc

in the "s_oil is less than 0.6 ppm. Zinc can be applied in the form of zinc sulphate mentioned
above or foliar application of zine suiphate at the rate of 0.2%.

. Iron chlorosis is a problem in most of the black soils which have high calcium content,
and in soils with high pH (above 7.5). The deficiency of iron can be corrected by spraying 1%
ferrous sulphate plus 1% ammonium citrate. The threshold value for boran is 0.25 ppm, The
deficiency can be corrected by the application of 5-10 kg/ha of Borax depending upon the extent

of deficiency to the soil, or by spraying 0.2% borax on the rop.

Apply all 'phosph'orous, potassium and half of nitrogen as basal dose and incorporate into
the soil before sowing. The remaining half of N 'may be applied 35-40 days after sowing if the
nodulation is poor. The potassium should be applied when the soil has l{ess than 150 kg K5O/ha.

14.13. INTERCULTIVATION

It is necessary to control weeds effectively upto 45 days after sowing as maximum damage

is caused during this period. Inter~ cnltivatign has to be started early after germination of
k&’avm implements is cheaper. Star weeder can be

worked if rows are narrower. Where-eve @;‘- ur is expensive or niot available, spraying herbicide
followed by one hand hoeing on 40th d avaiter sowing effectively control weeds. Basalin, nitrofen,
fluchoralin, Goal arg the -herbicidfg’ll are recommended to control the weeds in groundnut,

Herbicides Dosgﬁ * Time of application
a.i kg/ha '
1. Fluchloralin 1.25 - 1.50 Pre - sowing soil incorporation.
2. Nitrofen 15-20 Pre - emergence to crop and Weeds.
3. Pendifnethaline- 1.0-15 - Pre - emergence to crop and Weeds.
4. Alachlor 15-20 Pre - emergence to crop and Weeds.
5. Oxyflurofen 0.25 - 0.50 "~ Pre - emergence to crop and Weeds.
6. Fusilade, 025 -0.5 Post-emergence to crop and weeds. Ef-

fectively controls only monocot Weeds
except Cyperus rotundus.,

14.14,  WATER MANAGEMENT .

The moisture stress at critical stages of plant growth such as peak flowering, peg formation, '
peg penetration and pod development reduces the yield considerably. Life saving irrigation in
Kharif seadon had increased the yield ranging from 30 to 60%.

Groundnut crop requires on an average 400-450 mm of water. N ormally 9-10 irrigations are
required to get a good crop. It is always better to give a pre - sowing irrigation and then sow the

'seed under optimum moisture conditions. After sowing the seed, irrigation is normally avotded
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as the soil becomes hard and encrustation of the soil will affect the germination. Hence only in
extraordinary circumstances when the moisture is not sufficient for the seed to germinate then
only light irrigation can be given. Normally after the germination of the seed no irrigations are -



given immediately to keep the crop under mild stress in the initial stages upto 21 days. The
second irrigation will be given after observing the first flowers. This is the most critical period
as flowering and peg penetration will occur only after 21 days. Irrigation is scheduled at weekly
intervals upto pod development and kernel formation. Afterwards irrigations may be given.once
in 12-15 days. Irrigation may be stopped 10 to-15 days prior to harvesting depending on the soil
and season. However, a light irrigation may be required to harvest the crop to reduce pod loss
in the soils and facilitate easy harvest. '

Border strip method of irrigation is most suitable for this crop. Excessive irrigation should
be avoided as poor drainage may cause chlorosis in the crop. Irrigation water should be of good
quality having electrical conductivity less than 4m nihos and residual sodium carbonate less than
2 milli. Wa./lit. '

14.15. HARVESTING AND THRESHING

The bunch varieties mature in about 110-115 days, spreading and semi-spreading in 125-135
days. The crop harvested when 75% of the total pods are matured, The maturity of the pods

" are judged by the development of prominent net work of reticulation on the pods, and blackish
coloration on the inner side of the shell. The testa of the seed will have pinkish coloration at
maturity. Harvesting too early (before rhaturity} reduces the yield, guality and there are more
chances of damage from Aspergillus. Delay in harvesting will result in stem rot and weakening

" of pegs, thus many pods may be left in the soil. The pods of the bunch types which are non
dormant may germinate on plant it self, if not harvested in time. The bunch and semi-spreading
types are usually harvested by hand pulling when there is sufficient moisture. The spreading
types are harvested by working a blade harrow or a country lough. The harvested plants are
stacked for few days for drying and pods are stripped afterwards. The produce is dried as quickly
as possible to bring down the moisture to less than 8%. A¥ighér moisture content is congenial
for production of afflatoxin caused by yellow mould. $ drying, the pods may be stored in

gunny bags.

Yield . ®Q~' -
Rainfed ; 1500 - 2000 kg/ha
Irrigated : 2000 - 3000 kg/ha

Check Your Progress - 1 ) _
What are the different methods of inoculation of Rhizobium to the seeds of Groundnut?-
Note: (a) Write the answer in the space given below. '

(b) Compare your answer with the one given at the end.

------------------------------------------------------------------------------------

A, Pests
1. Red hairy caterpillar (Amsact albistriga and A. moorel)

Syﬁlptoms : The larvae feed gregariously by scrapping the tender surface of leaflets leaving
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the upper epidermal layer intact. With age they feed on leaves and leave the petioles and midrib.
The caterpiilars may be seen marching from one field to another in thousands. it is 2 very serious
pest.

Control: () Egg masses should be cotlected and destroyed. (b} Deep ploughing during summer
helps in killing pupae. (c) Spraying of chloripyriphos (2.5 mi/lit) or Monocrotophos (1.5 miflitre)
during niight times helps in the conirol of the pest. (d) Make trenches around the field and apply
BHC,

2. Leaf miner (Aproacroma modicella)

Symptoms: The larvae mines into tender leafiets or webs or the adjacent leaf lets together
and feeds on the tissue. The lzaflets get distorted and slowly dries up.

Contrel: spraying Quiniolphos (2 ml/lit) of Monocrotophos (1.5 mi/lit) at the rate of 300 mi/acre.

3. Tobaceo eaterpillar (Spodoptera litura)

Symptoms: The larvae feed voraciously on the leaves leaving behind only stems and midrib.
In severe cases the field presents an appearance of grazed field. The larvae feeds mainty during
night times,

Contral:e(a) Spraying with chloripyriphos (2.5 mlflitre} or Monocrotophos (1.5 miflitre) at the
rate of 300 mi/acre during night times (b) Making trenches around the field and applying carbaryl
or BHC dust. (c) Arranging pheramone trap for monitoring the population,

4. Root grub (Holotrichia consanguinea and H, insularis)

Symptoms: The root grub feeds mainly o@ots and causes extensive damage, The infested
plants exhibit withering conditions. The grgbs feed on nodules, fine rootlets and girdle of the
main root, uitimately killing the p[ant?

ra

Control: {a) Application of phoqge_
(b} Summer ploughing to expgge &
chloriphos or Monocrotopyrﬁp@

nules at the rate of 2.25 ai. kg/ha in endemic areas,
€ggs and grubs. {c} Spray the alternate host plants with

5. The lab-lab aphid (Aphis craceivora)

Symptoms: The tender shoots are infested by aphids. Both adults and “mphs suck the sap
and cause cutling of leaves. Plants become stusnited and flowers and pods are affected in severe
cases. The aphids transmit groundnut rosette virus and groundnut stunt virus.

- Control: (a) Spray Monocrotophos (1.5 mi/lit) or Dimethoate (1 mifit) or phosphomidon (1
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mlflitre).

8. Pod hofer (Elasmolomus sordidus}

Symptoms: The pest sucks the sap of groundnut pods both in the field and in storage. As a
result of sucking, the seed gets shrivelied. The shrivelled grains give less oil recovery and poor
germination,

Centrol: (a) Hoe with carbaryl 10%.

B. Diszases
1. Tikka disease or leaf spot {Cercospora personata and C. arachidicola)

Symptoms: The two fungi produces different types of lesions which vary in size, shape and
colour. C. personata produces small, dark spots which enlarge to about 4 to 6 mm in diameter.
Under favourable conditions they coalesce and form dark brown te black patches. The lesions
mostly occur on Jeaf blade but may occur on petioles and stermn alse. The brown Spois are to



surrounded by yellow halo. The [esions caused by C. arachidicola are irregular to circular, bigger
than those caused by C. personata. The lesions are surrcunded by bright yellow, circular halo
with dark brown center.

Control: (a) Spraying of Dithane M-45 (2.5 g/litre} or Bavistin (1 g/lit). (b} Seed treatment
with Agrosan GN at the rate of 3 g/kg of seed. (¢} Deep ploughing in summer (d) Burning of
plant debris to avoid soil borne inoculum.

2. Rust (Puccinia arachidis)

Symptems: The initial symptoms appear as orange red pustiles on both surfaces of leaves. Red
brown uredospores are produced within 48 hours and spread rapidly by wind under favourable
condifions resuiting in defoliztion and death of the crop. The leaf tissue around infection sites
dies and dries oot in irregolar patches.

Control: {a) Spray Dithane M-45 (2.5 g/litre) or Calixin (1 mi/litre).

3. Crownrot or Collar rot (Aspergillus niger and A. pulverulentum)

Symptoms: The seed can be attacked at any stage after sowing since the causal pathogen is
soil - borne. Pre-emergence rots cause decrease in germination. The first symptom in emerged
seedlings is a rapid wilting of the whole piant.

Control : (a) Seed treatment with Dithane M 45 at the rate of 3 g/kg of seed. (b) Deep
ploughing during summer to kill the spores.

4. Stem rot or wilt (Sclerctivin roiffsii)

Symptoms: The symptoms are characterised by the develo@nt of white fungal growth on the
affected plant. Young plants may be completely girdled killed in severe cases. The affected
plants may be covered by a net of fungal threads. ThegleaVes turn yellow, then brown and later
desiccate and fall. ‘%“

Control: {a}) Secd treatment with Dithane N@ag the rate of 3 g/kg of seed. (b} Crop rotation.

5. Chlorotic Rosette virus {Vector ; Aphis craccivora)

Symptoms: Faint motling of the youngest leaf lets which may be accompanied by veinal chlorosis
is the initial symptom. The next feaf ta open is pale chlorotic and subsequent leaves may be
completely chlorotic or may show mosaic pattern of dark green paiches on chlorotic ieaflets.
The iater leaves are stightly reduced in size and usuaily have distorted feaflets. The petiole and
rachis are shortened and the axis of the plant ceases to grow making the plant rosetted. Infected
plants flower, but the pegs usually do not elongare or bear seed.

Control: (a) Control of insect carriers, Aphis craccivora, by spraying Monocrotophos or
Dimethoate or Phasphomidon at the rate of 1.5 miflitre. (b} Early planting and close spacing
may be followed.

Check Your Progress - 2, 3 & 4

2. Tikka disease of groundnut is caused by

3. The Scientific name of Tobacco caterpiflar is

4. How do you control the wilt of groundnut?
Note: a) Write your answers in the spaces given above & below.
b} Compare vour answers with those given at the end.
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14.17. SUMMARY

Groundnut is one of the most 1mportant oil seed crops of India with an-area of 47% and

broducmg 67% of the total oil seed crops. Area and total production has gone up in recent years

but productivity has declined. As 90% of the crop is grown in Kharif under rainfed conditions
which is erratic productivity is very low compared to the other countries. Groundnut is mainly
cultivated for getting oil and it contains about 45% of oil. The oil cake is also used as animal
feed and manure, Groundnutis mostly grown in Andhra Pradesh, Gujarat, Karnataka, Tamilnadn,
Maharashtra which means nearly 80% of the total area. Commonly c'ultivated groundnut
varieties belong to spanish bunch and virginia (spreading and semi spreading) group. This crop
comes up well on sandy loam soil and can not come up well on heavy black soils. Crop can be
grown in three seasons, kharif, Rabi and Summer. Rabi crop is taken on residual moisture in

‘rice falfows or as on irrigated, summer crop is invariably cultivated under assured irrigation. A

large number of varieties have been released recently in Andhra Pradesh viz., K-1, K-2, K-3,
J-11, JL-24. For Kharif and Rabi, different varieties are available, ‘Onset of the monsoon for
rainfed, October-November for Rab; and December - January for Summer crop is the best time
for sowing. A.spacing of 30 cm x 10 cm for hunch, 30 ¢cm x 15 cm for spreading is optimum
under rainfed conditions whereas for 1rr1gate<§op condition 22.5 cm x 10 cm is found to be
the best. For rainfed condition 20 kg N, g&kg P,05 and 20 kg K,O/ha and for -irrigated 25
to 30 kg N, 50-60 kg P205 and abou (%;’ha was found to be optimum. Groundnut
also requires micronutrients especi %‘ zn, S etc. Ca deficiency leads to pops. -Gypsum is
the best source to supply both ca and sulphur, A quantity of 300 to 500 kg Gypsum is
recommended to be applied in pod forming zone of the crop. The crop is very susceptiblc
for weed compctition keeping the€ field weed free upto 45 days from sowing and also in loose
condition is necessary. Herbicides are found to be very effective in controlling the weeds viz,
Pendimethalin, Fluchloraline etc. The crop requires on an average 400 - 450 mm of water to
obtain the optimum yield. The average yield of groundnut is 15-20 and 20-30 g/per hectare
under rainfed and irrigated conditions respectively. The yields are always more in Rabi/Sumimer
than in Kharif. Inoculation with efficient strains of Nitrogen fixing bacteria will be helpful in
increasing the yield. Trickle method of innoculation was found to be more efficient than the
other two methods. The important diseases in groundnut are, leaf spot, rust, collar rot and
bud necrosis. Similarly a number of fungi cause pre- and post-emergence rotting of seeds and
seedlings. The major pests causing considerable yield losses are leaf miner, white grub, red hairy
Caterpillar, aphids, jassids, thrips and. w}ute flies. :

14.18. CHECK YOUR PROGRESS : MODEL ANSWERS
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1. The inoculation of Rhizobium to the seeds of Groundnut is done by slurry, pelleting and
" trickle methods.

Cerocospora personata and C. arachidicola.
Spodoptera litura

Wit of groundnut can be controlled by treating the seed with Dithane - M45 or by crop
rotation.



14.19. MODEL EXAMINATION EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.
1. Write in brief about seasons and time of sowing of groundnut.

2. Give an account of crop rotations for different regions of A.P. and mention Iabou'g' the
intercropping system in Groundnut. '

3. Write the manure and fertilizer recommendations to Groundnut in different states.
4. Discuss in brief water management 'aspects in Groundnut. | '
5. Write in detail about seed inoculation. | |
6. What are the reasons for low yield of groundnut? Discuss.
II. Answer the following questions in about 10 lines each.
1. List out the Groundnut varieties that are recommended for AP.
2. Write a brief note on herbicides used in Groundnut.

3. List out the -important pests of groundnut and recommended any one .ihse_cticide to
control each one, _ - o

. What are the important diseases of Gro_undnut?

. Write a note on Rabi/Summer groundnut cu!t_ivationg

. What are the spacings that are recommended jn @erent soils in'Grou'ridnilt?
How do you rectify the Ca deficiency? %

. Write a brief note on intercuitivation @tices in Groundmit. '

- JES B - NV R 8

. Write the soil requirement of Groundnut crop. ", .
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UNIT - 15: CASTOR AND SESAMUM
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15.1.  Objectives
152,  Introduction
15.3. Castor .
153.1. Climatic Requirement
153.2. Soiis and Seasons.
153.3. Cropping System
15.34. Varicties
15335, Field Preparation
15.3.6. Seeds and Sowing
153.7. Manures and Fertilizers
15.3.8. Intercultivation
15.3.9. Water Management
15.3.10. Harvesting :
15.3.11 Important Pests and Diseases _ _ ..
154. Sesamum
1541 Climatic Requirement
154.2. Soil :
154.3. Time of Sowing
154.4. Roatation and Intercropping
15.4.5. Varicties

15.4.6. Field Preparation - 0

15.4.7. Seeds and Sowing o - :

1548 Manures and Manuring O

154.9. Iatercultivation :

154.10. Irrigation ; .
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15.6.  Check Your Progress : Model Answers
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15.1. OBJECTIVES

By the end of this you wili be able to : _
| describe the climatic and soil requirements for Castor and Sesamum,
List out the important varieties of Castor and Sesamum,
describe the method of field preparation and sowing of seeds of Castor and Sesamum,
list out the manures and fertilizers required for Castor and Sesamum,

describe the method of intercultivation and harvesting of Castor and Sesamum,

;o R LN

list out the important pests and diseases of Castor and Sesamum and describe the symptoms,
caused by them and suggest the control measures.

15.2, INTRODUCTION

Castor is an important industrial oil seed crop and plays an important role in our nationaf
economy. Annually country earns a substantial foreign exchange through export of castor oil
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to different countries apaft from meeting fully the total industrial purposes. The oil is largely
consimed in paints, varnishes, soaps and in lubricant. The oil is also used as purgative. The
castor cake is valuable manure and contains about 5.5 percent nitrogen.

Due to deep root éystem of castor, hardiness and quick growth, it gets an'important place
in cropping systems of dryland agriculture in sennarid zones of India.

Sesamum Which is also known as gingelly or til is one of the important and oldest oilseed
crops cultivated in India. India is a major producer of this-crop in the worid and occupies weli
over 36 per cent of the area and about 25 per cent of the production, ‘The sesamum crop has
certain advantages over other oilseed crops. They are : '

1. It'is rich in oil (50 per cent) and due to it short duration, the oil out turn per day 1s more.
2.. It contains 18-20% protein which has all the essential amino acids and vitamins.

3. The seed rate is very low i.e., 2 kg/ha and the inultiplication ratjo is more in sesamum, with
the result, lacger areas can be brought about under improved varieties in short period.

4. The crop possesses high degree of adaptability and drought resistance.

The oil cake can also be uscdlas cattle feed as well as manure and the nutrieat contents are,
N 6.0%, P 2.2% and K 1.0 to 1.2%. '

6. In South India sesamum oif is an important cooking oil.

15.3. CASTOR

The main Castor producing countries in the world a%razil, India, China and USSR.
Indfa occupies 1st and 2nd position in respect of area aﬁr uction respectively in the world.
Although the castor is cultivated in most parts of the cotatry it is mainly grown in the States of
Andhra Pradesh,.Gujarat, Orissa and Karnataka,

15.3.1. Climatic Requirement

The castor is raised in india from 300 m to as high as 800 m above mean sea level under
wide range of soil and adaphic condition. Castor requires moderate temperature ranging from
20°- 27°C with low humidity. At flowering high temperature above 41°C resuilts in blasting of
flowers and poorer seed set. Even profonged clondy weather along with low temperature also
affects seed setting. About 250-300 mm evenly distributed rainfall in first 20 days is required by
castor for good yield. High rainfall at flowering aiso adversely affects the yield.

15.3.2. Soils & Seasons

1t can be cuitivated on any type of soil but the loamy soil with goqd drainage is preferred.
Very heavy ot marshy soils, with poor drainage are not suitable for cultivation. It cannot tolerate
alkalinity. : :

The principal cropping season is Kharif. The most ideal time to sow kharif is after the receipt
of first showers from south west monsoon, from 20th June to 15th J uly under rainfed condition
in Andhra Pradesh and 2nd week of July to 2nd week of Augnst in Gujarat under irrigation.
Sowing in Andhra Pradesh after first fortnight of July gives poor yield. '

15.3.3. Cropping System

Castor is usually grown in different parts of the country as pure crop or as mixed crop with

Kharif cereals/millets/grain legumes/chillies or turmeric etc. The studies conducted in Andhra
Pradesh and Gujarat have indicated that the foilowing inter- cropping system is more profitable
and viable. ' )
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1. Castor 4+ Redgram in.row proportlon of 1:1

2. Castor 4+ Cowpea 1:2

3. Groundnut 4 Castor - S51lor7:1 -
4. Castor + Black gram : 12
. 3. Castor + Green gram . Lo

15.3.4. Varletles '
The traditional varjeties. are generally tall and take about 250- 300 days for maturity and

they have low harvest index. Their flowering and fruiting are not synchronised and their primary

.spikes mature in about 55 days after flowering whereas secondary and tertiary spxkes appear
quite late in the month of October when moisture becomes limiting factor making the yield
low and unpredictable. Efforts in the last few years have been made to develop varieties with
new plant type concept in this crop and as a result some promising new plant type varieties and
hybrids have been released. The characteristics of some of the varieties have been given at the
end of this chapter. These varieties have been tailored in such a way that their flowering upto
fourth order spike could be completed ‘during effective rainy season. Thus a plant type which

would produce the first, second, third and fourth order sp1kes at about 40, 65 70 and 90 days _

'respectwely after sowing is supposed to be the. best vanety

15.3.5. Field Preparatlon
Ploughing should be done immediately after the onset of monsoon followed by two to

three harrowings with blade harrows. Deep ploughmg upto a depth of 30 cm is necessary for o

penetratlon of tap root system.

15.3.8. Seeds and Sowing Q .

A plant population of 55000/ha has been found t b@le optlmum for ramfed castor in all
the regions. Seed rate of 12 to 15 kg/ha is sufficie in case of 1rngated castor 5 to 6 kg/ha
is recommended for hybrids in Gujarat. &*

The following spacings are recommended Y@ Castor for different regions.
Rainfed entire castor growing area 90 cm x 20 cm for improved early varieties. -

2. Rainfed-Tall and late varieties 90 cm x 60 cm ' o '
Irrigated (Gujarat) 90 cm. x 60 cm or 120 cm % 60 cm

Usually castor is planted behmd country plough.. The seeds may be sown at 8 centimeter
depth. For good and even germination and good stand, castor seed requires moist soil for atleast
7-8 days in Kharif and 15 days in, Rabu’Summe_r after sowing.

15. 3.7 Manures and Fertlhzers

If the compost or Farm Yard Manure is avallable 10- 15 tonnes may be addcd per hectare
about 15-20 days before sowing. Otherwise irrespective of the area, for rainfed castor a dose
~of 40 kg N and full dose PyOq has to be applied as basal dose and remaining N must be top
dressed after 25 to 40 days after sowing depending upon moisture availability in the soil. The
response for Nitrogen was observed up to 80 kg/ha in Telangana region. In case of irrigated
castor besides application of 20 kg N and 40 kg P,Og as basal dose and the top dressing at the
rate of 10 to 20 kg/ha at each successive sequential orders namely primary, secondary, ternary
and also synchmmsmg with the productive phase of developmcnt is recommended.

15 3.8. Intercultivation

Conditions during rainy seasons are conduelve to rapld and luxiriant growth of weeds and

also due to wider spacmg Castor is very sensitive to weed competmon during the first 60 days '
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after sowing, Hence, timely weeding and frequent interculture operations are necessary as the
crop responds for repeated interculture operations especially after getting continuous rain for
10 to 15 days. To keep the field free from weeds, two weedings-one between 25 to 30th day and
second between 50th to 60th day after sowing-should be given.

Application of Fluchlorine or Trifluraline at the rate of one kg a.i./ha, incorporation in soil
prior to sowing or pre-emergence application of Alachlor at the rate of 1.25 kg ai/ha is equally
effective in controlling the weeds.

15.3.9. Water Management -

Castor is relatively drought tolerant crop and needs no irrigation and usually grown under
rainfed condition. However it has been observed that it responds very well to irrigation. For
Rabi/Summer generally 4 to 5 weeks depending upon soil type and temperature are recommended.
Pre-planting irrigation is necessary and the second irrigation has to be given at 5 to 8 leaf stage.
Heavy irrigation at long intervals are preferable after early growth period since light irrigation
encourage root proliferation near the soil surface and tenders plant susceptible to drought injury.
Moisture stress induces flowering. The plant is also very sensitive to excess of water in the soil
at all stages of the growth. Irrigation should be stopped 3 to 4 weeks before harvest and water
requirement is about 500 mm. No precise information is available on either the requirement of
castor under different agro-climatic conditions or its scheduling for any crop season,

15.3.10. Harvesting

Depending upon variety crop matures between 120-280 days, the first picking is done 90-110
days after sowing. Normally 2 to 3 pickings age taken. Picking the capsule too early will lead
ta the reduced seed weight and oil content -6%. Harvest is done when capsules are fully
turned yellow and mature, O : .

15.3.11. Important Pests a@ﬁseases of Castor
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A. Pests
1. Castor semilooper (Achoea janeta)

Symptoms: The larvae feed voraciously and defoliate the leaves, leaving behind the petiole
and midrib.

Controk: (a) The larvae may be coliected and déstroyed, (b) Spray chloripyriphos (1.5 miAit).

2. Shoot and capsule borer (Dichocrocis punctiferalis)

Symptoms: The larvae bore into peduncle and capsules and eat away the seed. Initially the
larvae bore into petioles and later into shoots and capsules. Some times the ancillary shoots are -
also damaged. The seed capsule is covered.

Control: (a) Collection and destruction of infested capsules, (b) Spray chioripyriphos (2.5 mi/lit)
or (1.75 mlfiitre) at 50% flowering. '

3. Castor slug (Ratio lepida)

Symptoms: The larvae feed voraciousty on leaves and leave behind midrib and veins,

Contrel: (a) Spray chloripyriphos (2.5 mlAit) or endosulfan (1.75 mlfit).

4. White flies (Trizeleurodes rara and T. ricini)

Symptoms: The yellowish nymphs with waxy fitaments feed on under surface of leaves. They
suck the piant sap and cause yellowing and subsequent drying of leaves in severe cases of attack.



Control: (a) Spray Dimethoate (1 mi/litre) or Monocrotophos (1.5 ml/it)

5. Mite (Tetranychus telarius)

Symptoms: The nymphs and adults of red spider mites suck the plant sap from the lower
surface of leaves. Under severe cases the {eaves show white blotches on the upper surface of
leaves.

Control: (a) Spray Dicofol {5 miflitre) on lower surface of [eaves. (b} Dust sufphur at the rate
of 10-12 kg/acre.

B. Diseases
Seedling blight {Phytophthora sp.)

Symptoms: The fungus attacks the young seedlings during monsoon. It attacks the basal
portion of stems, which leads to rotting of stems and eventually in the death of plants. Adult
plants are not generally affected.

Control: {a) Seed {reatment with Thiram or Ceresan at the rate of 3 g/kg of seed.

2. Rust (Melampsora ricini)

Symptoms: The rust pustules are minute, raised from the leaf surface and occur mostly on
the under surface of leaves. In severe cases of infection it may lead to drying up of the leaves.

Control: (a) Sulphur dusting at the rate of 10-12 kg/acre.

3. Blight (Alternaria ricini) RN

Symptoms: The fesions on cotyledons and leaves are @gular which is covered with greyish

growth of the fungus. They later turn brown and s concentric markings. Sometimés the
fungus may attack the inflorescence and capsule ausing considerable yield [osses. -

Control; (a) Seed treatment with Thiram or@csan at the rate of 3 g/ke of seed.

4. Leaf spot (Ccrcospora ricinella)

Symptoms: The lesions initially appear as water soaked spots which grows and turn brown,
jrregular, with deep brown margins and grayish white centres. Sometimes the infected leaf tissues
may break off, causing holes on the leaf. The older leaves may be blighted under severe infections.

Control: (a) Spray Bavistin (1 g/lit) or Dithane M-45 (2.5 g/lit).

Check Yeur Progress - 1
What is the Causal organism of rust of Castor? How do you Control it?
Note: (a) Write the answers in the space given below.

{b) Compare your answer with the cne given at the end,

..................................................................................
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~ 154. SESAMUM -

* The important sesamum growing countries are _Chir_ia, Sudén, Burma and Mexico. In India
- its cultivation is mostly confined to Uttar Pradesh, Rajasthan, Madhya Pradesh, Andhra Pradesh,
- Orissa, Gujarat, Tamilnadu, and Karnataka,

15.4.1., Climate Requirement

* Sesamum is a crop belonged to tropics and warm temperate regions. It grows well in plains
- but can also be grown up to 1250 meters above mean sea level. It requires warm weather to give
maximum yield. The optimum temperature needed by this crop ranges from 25-27° C during
germination, initial growth and flower formation. Temperature below 18° C after germination
retards the growth, Temperature above 40° C severely affects the fertilization. Low temperature

- at flowering can result in production of sterile pollen and pre-mature flower drop.

Sesamuin is grown under rainfed conditions in India but the crop cannot withstand excessive
moisture or water logged condition. With excessive moisture up to certain limit there is excessive
growth and after that limit, the crop wilts.

15.4.2. Soil _
* Sesamum can be grown on wide range of soils ranging from light red soils to black cotton

soils, with good drainage. Sandy loam soils with adequate moisture are the best. Very sandy
soils, alkaline and acidic soils are not suitab!eQ

15.4.3. Time of Sowing (Season)o

_ Phofbberioﬂ and rainfall are st%por_tanp factors t_hat determine the time of sowing and
yield. Tt is basically a short day pMitt, flowering in 40-50 days after sowing with 10 hours day
length. Reduction in photope@ results in the reduction of plant height and seed yield.

In North India it is sown in last week of June or first week of July. In South India it is
cultivated as Kharif, Rabi, Maghi or Summer crop. It is sown in May-June as Kharif, August-
September as maghi or semi rabi, December-January as Rabi and January- February as summer.
As arainfed Kharif crop it should be sown with the onset of monsoon. It should be sown when

-adequate moisture is present in the soil. '

15.4.4. Rotation and Intercropping

Kharif sesamum is grown both as pure and mixed crop. In south India it is rotated with upland
Rice, Jowar, Maize, Tobacco, Chiily and Cotton in drylands and.under irrigated conditiofis, with
gram and root crops in December-January. In wetlands usually after rice once in 3 or 4 years
sesamum can be grown in the same plot. When grown as early crop it is followed by horse gram,
fodder pillipesara or fodder jowar. In black soils it is followed by jowar, wheat, coriander and
cotton. As a late crop it is preceded by dry paddy, ragi and fodder jowar. In rice fields it precedes
rice as early crop and succeeds rice as late crop. In certain parts of Andhra Pradesh it is mixed
with green gram in wet lands after rice. Greengram is harvested first and then sesamum.

15.4.5. Varieties

- The sesamum varieties can be classified into different groups depending on seed colour,
growing season, maturity period and number of carpels. '

1. Seed colour : (A) White seeded (B) Black seeded.
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Based on seasons : (A) Punasa (B) Pyru
Maturity period : (A) Barly (B) Late
4. Nurnber of carpels : (&) Bicarpeflatum (B) Quadricarpeliatum.

'It is generally believed that white seed varieties have higher percentage of oil than black
seeded. - :
Varieties recommended for Andhra Pradesh

Vanety Season  Duration = Yield/ = Characters
' Q/ha. . .
1 T-SS " Kharif 90 days 4 Seed is bold white with an
oil content of 52% Suitable
in Kkarif for Telangana re-
: gion, . _
2. TMV-3 Late | 80 days 4 Seed brown with an oil
' Kharif T _ content of 52% and suit-
- and Summer able for Coastal Andhra.
3. TMV-1  Kharif 85 days 4 Seed is grown with an oil

content of 50%.  Suit-
able for Kharif in Coastal

: . - Andhra,
4. Gowri  Kharif 90 days 6.25 Medium seed with brown
o : S colour. ©Qil coptent is
50% suitable for Northern
Sarkars\far Kharif season,

Tt to Phyllody and
Y.

5. Madhavi Kharif 78-75 6-9 g\?table for multiple crop-
and Rabi % ping system. Qil content is-

- 508

15.4.6. Field Preparation

- The nature of preparation depends on soil type and rainfall. The soil must be well pulverlzed
and brought to fine tilth to ensure good germination and growth as.the seeds are very small in
size. The field is prepared by ploughing twice foliowed by two fo three harrowings and p!ankmg
This will ensure good condition for piantmg

. 15.4.7. Seeds and Sowing

Crop should be sown in lines as it is one of the critical factors Himiting the yield due to plant
popuiation. To get the optimum plant popu]atlon, aspacing of 30x 15cmor 45 x 15 cm is
followed in most Zf the sesamum growing regions. However the spacing can be suitably altered
.dependmg on the variety, moisture content, type of soil and its fertility status, For sowing one
. hectare, 2-3 kg is sufficient. The seeds should be treated with Agrosan G.W, or Ceresan at the
rate of 2 g/kg of seeds. As the seeds are very small, for uniform distribution it is mixed with
sand carth or powdered F.Y.M. The depth of sowing should not be more than 2-3 centimeters.
Stight compagtion of the soil over the seed is necessary to ensure a firm contact of thc seed with
soil for quick and proper germination.

15.4.8. Manures and Manurmg

" Sesarmum is generafly grown by small and marginal farmers relatwely on poor soils under
rainfed conditions hence the productivity in India is very less.
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Sesamum is an exhausting crop. It responds to manuring well. In the absence of inherent
fertility in the soil, good amount of manuring is necessary.

A more common practice is to grow sesamum on residuat fertility preceding crop. Application
of F.Y.M. 20-25 tonnes/hectare one month in advance has given good results. However for
obtaining higher yields 30-40 kg N, 20-30 kg each of P>0¢ and K5O per hectare is found to’
be optimum. Entire gquantity of PyOg and 5O and half Nitrogen at the time of sowing and
remaining Nifrogen 3 to 4 weeks after sowing has to be applied. In sandy soils, the Nitrogen
may be applied in three split doses applying at each time ie., 1/3, at sowing, 30 days after sowing
and remaining 50 days after sowing. In heavy soils 2/3 Nitrogen at the sowing time and 1/3 at
flowering, has given good results. Application of Nitrogen and number of seeds per capsules. In
Rabi, Nitrogen dose has to be increased upto 60 kg/ha. :

15.4.9, Intfercultivation

Due to slow growth in the carly stages sesamum is poor competitor with weeds. Therefore
It is essential to kesp the crop weed free for first 32 days. First weeding should be done when
the plants are 15-20 days old or when plants are 20 centimetres tall. The second weeding can
be given when the crop is 40-45 days old depending upon weed infestation. Weeds can also be
effectively controiled by nsing Basaline at the rate of 1.0 kg a.i/ha as preplanting or Lasso at the
rate of 1.0 kg a.i/ha as pre-emergence.

15.4.10. Irrigation

Sesamum is generally not irrigated but for summer crops irrigations are given. -The crop
requires 50 centimetres of water during the entire period. Tt requires one preplant irrigation,
second 25 to 30 days after sowing. Third at ring 45-50 days after sowing and the last at
ped development stage 65-70 days from sc@g. If water is a limiting factor for irrigation then
atleast two irrigations one as pre-sowin secend at maximum flowering may be given. Only
Hght irrigation must be given to avoj ggSr togging.

i5.4.11. FHarvesting Thres%g

The crop matures in 75 to 120 days depending upon variety. The signs of maturity are
yellowing of plants and shaterring of pods. The pods should not be allowed to fully ripe at the
time of harvest as the seeds will drop off. The crop is cut at base and transported to a clean
threshing yard. The plants are stacked for 5-7 days for drying. The plants are turned upside
down and shaked to remove the seeds from split pods every day before stacking. Stacking is
done in a circuiar manner with off ends pointing upwards.

15.4.,12. Important Pests and Diseases
A, Pests
1. Leaf and ped borer and leaf webber (Antigastra catalaunalis)

Symptoms: The larvae feed on leaves, bores the shoots, flower buds, flowers and pods. The
larvae web together the top leaves. The early damage kills the plants but at later stages it affects
the growth and ilowering.

Control: (a) Spray chioripyriphos (2.5 mlftitre) or Monocrotophos (1.5 miflitre) or Endosulfan
(1.75 ml/acre). :
2. Gall fly (Asphondylia sesami)

Symptoms: The fly lays eggs into ovaries of flower buds. The hatched small whitish maggot
feeds on the buds and ovary and causes gall formation without proper setting of seeds.



Control: (a) Spraying Monocrotophos (1.5 miflitre) or Dichlorophos (0.5 miflitre).

3. Sphinx caterpillar (Acherontia styx)
Symptoms: The caterpillar feeds on leaves and causes defoliation.

Control: '(a) Spraying chloripyriphos and Monocrotophos at, the rate of 2.5 ﬁzlﬂitre and 1.5
mi/litre respectively. : .

B. Diseases
1. Leaf spot {Cercospora sesami)

Symptoms: The lesions start as small water soaked spots on leaves and enlarge to form round
to irregular spots. Several lesion may occur on the leaf which eventually coalesce and results in

blighting. : o : . _
Control: (a) Seed treatment with Thiram or Ceresan at the rate of 3 g/kg of seed. (b) Treat
the seed with hot water at 130°F for 30 minutes. ' . ’

2. Phyllody (Mycoplasma disease)’

Symptoms: The disease occurs mostly at flowering stage of the crop. The floral parts are
transformed to green leafy structures. The sepals, corolla, stamens and carpels turn green and
leafy. The leaves of affected plants are reduced in size. The internodes are shortened, the plants
are stuffted and branching is abnormal. :

Control: (a) Spray Monocrotophos or Dimethoate at the rate of 1.5 miflitre to control the
insect vector Orosius albicinctus. '

Check Your Progress - 2 & 3 :
9. What is the Scientific name of the gall fly of Q-ax;m? How do you control it?

3. Phyllody of sesammum is caused by Qv)

Note: (a) Write ‘the answers in the spaces given above and below.

(b) Compare your answer with the one given at the end.

..................................................................................
...................................................................................

....................................................................................

...................................................................................

15.5. SUMMARY

Castor oil is one of the important industrial oils and earns good amount of foreign exchange.
Castor cake is used as an organic manure. Andhra Pradesh stands number one in area and
number two in production in India. Castor comes up well in tropical climate. 1t requires loamy
soil with good drainage. It is mostly grown in Kharif under rainfed. In Gujarat it is cultivated
under irrigation. Sowing time in Andhra Pradesh is June/luly. $5,000 plant’population is
optimum with seed rate of 12-15 kg/ha, 90 cm x 20 cm for dwarf varieties, 90 cm x 60 cm or 120
em x 60 cm for irrigated crop in Gujarat. 40 kg N and 40 kg P,Og is optimum dose for rainfed
condition. Response upto 80 kg N is found. Critical stage of crop weed competitions, is about
60 days. Traditional varieties are tall with duration of 250-300 days. Presently Aruna is dwarf
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leading variety with 120-150 days duration. By adopting nipping practice from 3§ days onwards
the duration can be reduced. GAUCH-1 is a hybrid castor variety under cultivation in Andhra
Pradesh and Gujarat. The yield will be 1200-2000 kg/ha under rainfed. Castor semilooper is the
important pest of castor,

Sesamum has several advantages over other oilseed crops viz,, higher out turn of oil per
day due to short duration, high protein content and high degree of adoptability. Sesamum crop
varieties are classified based on duration, colour of seeds and season. Sesamum grows well in
tropics and warm temperature region. Photoperiod and Rainfall determine the time of sowing
and yield, In South India it is grown in Kharif, Maghi, Rabi, and summer season. Spacing of
45 cm x 15 cm or 30 cm x°15 cm is recomrhended with seed rate of 2-3 kg seeds per hectare
sown just 2-3 em deep. 30-40 kg N, 20-30 kg P»Os and 20-30 kg K5O is recommended. Crop
should be kept weed free at least upto 30 days after sowing, Basalin herbicides can be used to
control the weeds. Sesamum crop requires 50 cm of water and four irrigations are sufficient.
‘Crop matures in 75-120 q-iiys depending upon variety, T-85, Madhavi, TMV-2 are the varieties -
recommended for Andhra Pradesh. " _

15.6. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Rust of Castor is caused by Melampsora ricini. This can be contrblled by rusting Sulphur af
the rate of 10-12 kg/acre, = . T : _

2. The Scientific name of gall Fly of Sesamum is Asphondylia sesami. This can be coritrolled
by spraying Monocrotophos at the rate of 1.5 ml/litre, : -

3. Mycoplasma :
D
15.7. MODEL EXAMINATION @ESTIONS

I. Answer the following 'questh:{x: about 30 lines each.
1. Give the climatic soil a erti['is_er requirement of castor crop. .
2. Write in brief about season, seeding rate and spa_cfr;g of castor crop.
3. Write the characteristics of Aruna and GAUCH-1.
4. What are the advantages of cultivation of sesamum crop over other oil seed crop.
5. Write in brief about climatic requirement and season of sesamum crop.

II. Answer the following questions in about 10 lines each.
. What is nipping ? Why is it practiced? |
. Write the characteristics of Aruna variety of castor.

. Write in brief about water management in Castor.

. Give in detail the fertilizer recommendation to castor crop.

L T~ TS T S Y

. Write the spacing that is given for castor for different varieties under rainfed and irrigated
- conditions. : : .

. Write the weed contrel in castor crop. _
. Write in brief about fertilizer réqﬁirement of sésamum crop. .

=B =T T = Y

. What are the crop rotation and mixed cropping adopted in sesamum crop.
. Write the Classification of sesamum varieties. '
10.- Write a brief note ‘on seeds and sowing of sesamum crop.
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UNIT - 16 : SAFFLOWER AND
~ SUNFLOWER |

bon_tents _

16.1.  Objectives
16.2. Introduction
16.3. Safflower
163.1. Climatic Requirement
1632. Soil
16.3.3. Time of Sowing
16.3.4, - Crop Rotation and Inter Croppmg
. 163.5.. Varieties
16.3.6.. Field Preparation
16.3.7. " Secds and Sowing
16.3.8. Manures and Fertilisers
16.3.9. Weeding _
/16.3.10. - Water Management
716311 Harvesting and Threshing
.~ 163.12. Important Pests and Discases
164. Sunflower .
v 164.1. Climatic Requ:rement
16.4.2. - Soil . S
164.3. Time of Sowing o o
~ 16.4.4. Cropping System ' L Q
16.4.5. Varieties .
16.46. Field Preparation o O
1647, Sceds and Sowing ' '?"
16.4.8. Manures and Fertilisers Qu
16.4.9. Intercultivation %
164.10. Water Management
~ ©164.11. Hand Pollination
- 16.4.12. Harvesting
16.4.13. Important Pcsts and Discases
165 Summary _
16.6. Check Your Progress + Model. Answcrs
16.7.  Model Examination Questions

16.1. OBJECTIVES

After studying this unit you will be able to :

. describe the climatic _and soil requirements of safflower and Sunflower,

1

2. list out the important varieties, _

3. describe the method of field prcparation and sowing of seeds of safflower and sunflower,

4. list out the manures and fertilisers required for safflower and’ sunﬂ{JWer,

5. describe the method of intercultivation and harvesting of safﬂower and sunflower,

6. describe the method of hand pollination in Sunflower, _

7. listout tlee important pests and diseases of safflower and sunflower and descrlbc the symptoms .

caused by thém and suggest the. control measures.:
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16.2. INTRODUCTION

Safffower is mainly cultivated for seed which vields good guality oii and contains about 24 to
40 per cent oil. The oil 1s rich In unsaturated fatty acids (Linoleic acid 73%) which are important
n reducing blood cholesterol level. This is useful for the persons suffering from heart disease.
The oif has good drying properties therefore is used in manufacture of paints, and linoleum. It
is also used in preservation of feather and production of water proof cloth. The seeds are also
caten after roasting. The oil cake can also be used as cattle feed or manure and contains 40-45
per cent protein in the cake formed from decorticated seeds. Once upon a time this ¢rop was
mainly cultivated for extraction of orange red dye. The advent of cheaper food colorants and
synthetic dyes lead to its near disappearance from the traditional areas in our country.

Sunflower popularly known as Surajmukhi is a familiar plant in India. 1t has been grown for
its ornamental value since guite some time. Sunflower crop was introduced into India during
1969 for commercial cuitivation as an oilseed crep. Since it has the advantage of short duration
and photoinsensitivity which enables the crop fo be raised in any seasen. It comes up well under
wide range of soils i.e., Red and black scils and it is also saline resistant crop and can be grown
in saline areas. It produces more oil per unit arca and per unit time. It is drought resistant
or has drought evading ability. 1{ is very easy to crush to extract the oil. It is considered as
highquality edible oil because oil has anticholesterol properties. As the seed rate being low, seed
multiplication js high (1 : 100) and hence facHitates rapid increase in area. It can be grown under
very wide range of climatic conditions as it has very high degree of adaptability. It is a cross
poltinated crop so there is-a great scope for evolving hybrids, composites or synthetics. Some
of the unfavourable points are, Poor seed filling and bird damage. Just like any other oil, the
sunflower o0il also can be used for cosling )u}&c, for manufacturing hydrogenated gil. It can
also be used for manufacture of soaps an@ssmetics. The il cake is ideally suited for poultry
and live stock rations. The sunflowsr Mpsiels can be eaten or roasted,

s g
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The important safflower growing countrics are India, Mexico, U.S.A., Australia and Spain.
In India it js mainly confined to Maharashtra, Karnataka and Andhra Pradesh, which accounts
nearly 98% of total area. In these areas the safflower is mainly grown as mixed crop or intercrop
with rabi crops like, sorghum, wheat, linseed, chickpea, coriander eic., or as border crop around
them. It is only in recent years it has been realised that safflower as sole crop is more productive
and remunerative than the conventional vabi rainfed crops.

18.3.1.  Climatic reguirement

Safflower is a cold season crop, grown during Rabi season mainly as rainfed crop but in
some areas it Is also grown as irrigated crop. It is thermoesensitive crop. Optimum temperature
required for germination is 15.5°C.

High temperature at the time of flowering is harmful o crop, the day temperature ranging
from 24% to 329C at flowering is conducive for higher yield. Frost or Temperature of O°C or
tess is harmiul. At all stages of the crop due to excessive rainfall or humidity, the crop is effected
by fungal discare, Hence the crop should not be cultivated in heavy rainfall areas. The rainfall
between 60 to % centimeters is supposed to be optimum.

16.2.2.  Soil

Saftlower is drought resistant crop and cun be cultivated on residual msisture. Hence it
reyuires fertile, fairly moisture retentive soils but it should be well draiped. Although it is
geneedly coltiveied in ol types of sofls - sundy Toams, clay lvam, and alluvial etc., shallow and



light textured soil, gives less yie!cl. It is fairly tolerant to salinity but oif content is reduced in
such soils. '

18.3.3. Time of Sowing

Proper time of sowing is a crucial non-monetary input for obtaining uniform plant stand and
higher yield by using efficiently the stored moisture and nutrients in drylands. Following is the
planting schedule for different regions.

1. Drought prone areas of Western Maharashira, Maharashtra and adjoining Marathwada
region and Bijapur area in Karnataka-Mid to late September.

2 Assured moisture tract of Western Maharashtra, Marathwada, Vidharbha in Maharashtra,
Andhra Pradesh and Karnataka (Except Bijapur)-Early to mid October.

Whenever safflower is raised purely on conserved moisture, from rains, the delay in planting
will adversely affect the plant growth and development and will increase pest attack, the flowering
will also coincide with periods of high temperature, which will result in reduced yield. TFor
irrigated safflower, the best time of sowing is the later half of October.

1634. Rotation and Intercropping

In its traditional belt the safflower is commonly taken as mixed crop of inter crop with
rabi cropalike sorghum, wheat, linseed, coriander or bengalgram than as a pure crop. The
productivity of safflower is found to be higher than the traditional rabi creps which are less
paying in dry lands; for example in Maharashtra and Andhra Pradesh (Rainfed)-linseed, wheat,
and bengalgram whereas in Karnataka-Harbaceum cotton, Bengalgram, Coriander and rainfed.
‘wheat,

As compared to various inter cropping systéms also sofe §rop of safflower is more profitable.
It however also pays more to intercrop safflowerina nugg_er of traditional crops, which otherwise

are low in their production potentiality if they are@i as sole crops.

16.3.5. Varieties ' %

Safflower is highly branched herbaceous annual plant. The leaves are sessile, dark green with
pronounced mid rib. Leaves are toothed along their margins with short spincs. The lower leaves
in most of the varieties are spineless. The degree of spineness is a varietal character. Some are
spineless also. The flowers are of brilliant yellow to orange, or orange red in cofour.

Varieties recommended for AP. .
Variety Season Puration Yield Character

Q/ha
1. Manjira Rabi 115-120 17 A spiny variety of bushy habit

with yellow orange florets. Qil
content is 32.5%. Seed is of
medium size and dirty white,
Under good management
practices the yield can be
increased to 25% extra.

2. APRR-3 Rabi 120-125 25 Spiny varicty with ycliow
florets. Seed is pearly white,
small, oif content is 33%.
Responds well to higher doses
of ‘N fertilizers.
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8.3.6.  Field preparation :

Safflower can be grawn as mixed as well as pure crop. When cultivated as mixed crop the
land can be prepared as per the main crop. For a pure crop one ploughing or two harrowings
followed by planking is sufficient. Care must be taken to ensure that sufficient moisture is present
for good germination at the time of sowing. Special care is necessary especially when safflower
is to be sown after kharif cereal or legume so as to avoid too deep or repeated tillage after the
harvest of kharif crops as it would result it loss-of conserved moisture and consequently results
in poor stand. If conditions warrant, prefer zero tillage wherever it is possible dtherwise one or
two harrowings or shallow ploughing followed by planking immediately after harvest of kharif
crop is sufficient. ' o . _ .

16.3.7.  Seeds and Sowing

. Optimum plant population in all the currently recommended varieties shouid not exceed
1,00,000/ha even under ideal conditions. In Maharashtra, Andhra Pradesh and Karnataka 45 to
60 cm row spacing with seed rate of 10 kg/ha (90,000 to 1,00,000 plants/ha) is recommended.
In case of kharif cropped areas 50% additional seed rate may be used for satisfactory stand.
Besides timely sowing, seeding depth is also important, In no case, seed should be placed more
than 5 em below the soil as it would hinder emergence. The intra row spacing should be 15 ¢cm
to 25 cm depending upon variety. o : '

16.3.8. Manures and Fertilizers

1. For kharif fallow crop : In sandy soils apply 15-20 tonnes of compost or FYM just
before the last harrowing. - Crop responds well to Nitrogefi. The higher N dose will
give more number of heads per plant. Upder favourable conditions the response upto 60
kg N/ha can be obtained, In scanty rain@ areas as in Maharastra, Andhra Pradesh and

- Karnataka 25 to 30 kg N/ha can be ugethbut in conserved moisture areas like Kandesh tract,
Vidharba and Marathwada areas of arashtra 40 to 50 kg N/ha can be recommended.

The phosphate requirement of gaffhgwer is moderate, however based on soil test vatues 20 to
30 kg PyOg per/ha is suggestéd™There is no response for Potassium. In the scanty rainfall
areas if seasonal ccmditim%c tavourable an additional dese of 10 to 15 kg N/ha can be
used. .

2. Kharif cropped area : Response of safflower to fertilizer applications in cereal legume,

safflower sequence system dependsmainly on available moisture at the time of sowing or on the’
receptor of rains immediately thereafter, If the moisture is a problem and chances of getting
rains are remote, normal dose of fertilizer is recommended for the kharif cerealsflegume
and the second crop of safflower is grown on residual fertility. If there are rains or there
is provision of pre-sowing irrigation, 20-25 kg N/ha (if previous crop is cereal) or 10-15 kg
N/ha (if previous crop is legume) is recommended to safflower crop. The entire quantity of
fertilizers as basal in both the cropping systems is applied for maximum cfficiency. Fertilizer
should be placed deep in used furrows. For irrigated crop 40 kg N and 40 kg P50y per
hectare i§ recommended.

16.3.9. Weeding

Taking into consideration the rainfall at the time of sowing or moisture available in soil, the
thinning must be done within 10 to-15 days after emergence so as to maintain intra row spacing
of about 20-30 cm in 45 cm inter row spacing or 15 to 18 cm in 60 cm inter row spacing.

Safflower is very susceptible to weed competition during its rosette stage which lasts for 25
to 30 days. The field should be kept weed free during this critical phase through timely weeding
and interculture operation by using hoes or harrows once or twice. In general two weedings

~ combined with hoeing on 20th and 40th day after sowing is essential for better weed control.
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16.3.10.  Water Managemeni

The black soiis siart losing subsoil moisture ra'f)idiy as they develop cracks from December
onwards. To delay cracking, they have to be closed superficially with dust mich as and when
they appear and there by reduce the moisture joss.

Alfthough this crop is grown without irrigation, over large areas, even one or w0 Irigations
given at critical growth stage will increase the yield by 30% to 60% Safflower can tolerate water
shortage between emergence and rosctte formation. The moisture sensitive period is from rosette
to flowering and grain filling. Especially the moisture stress during flowering wili reduce yield
and oif content. There is need to give one good irrigation a weck after 50% flowering for good
seed filling. THe crop is however sensitive fo excessive misture also, hence heavy black cotion

“soifs with improper surface irrigation will Tead to water logged condition and create problems
like with and root rof. '

16.3.11. . Harvesting and Thrc'shislg'

The present varicties take about 115 to 140 days in major saffiower growing arcas. The crop
is ready for harvest when teaves and bracteoles become dry and brownish yellow. Hasrvesting
should be done in morning to avoid breakage of plant parts-and troubile due to spines. The
ripe plants are cut or pulled out and stacked for few days for drying. Then it is threshed by
beating with sticks, and winnowed to get clean sced. A good managed crop can give yield of
12-15 Quintals per hectare. T T

18.3.12. Important pests and diseases of Safflower
A. Pests I S 0 o
1. Safflower caterpillar {Perigea capensis) . ' '

Symptoms sThe larvae feed on leaves and (lefoiiatcwc; resuits in Toss of vigowr and become
stunted. -

Control: {a) Spray Monocrotophos (1.5 midB).

2.Safflower aphid (Dactynotus carthami)
Sympioms: Both the nymphs and adults suck the plant sap from leaves and shoots,

Control: (a) Spray Monccrotopho (1.5 mi/htre) on Dimethoate (1 miditre]

2, Leafl trips (Frankliniella sulplurea)
Symptoms : The nymphs and adolts feed on the leaves and causes cuyiing iy severg Cases.

Control: {a) Spray Dicofal (5 mlflitre) or Salfur WP (3 ghitre).

3 Gram pod fiy [Melanagron.yza olidusa)

Symptoms {The maggois bore into the stem and girdle the plants resulting in withering of the
plants.

Control: (2} Spray Moenocrotophos {1.5 mlfitre) or Cadosutfan {1.75 mititre}. -

5. Semilooper caterpilinr (Eublena riviida)
Symptoms : The larvae bore into the stem and flower heads and feed on the fissues.

Control: (a) Spray chloripyriphos (2.5 miflitre) or Monocrotapies (1.5 mlfditre).
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B. Diseases
1. Rust (Puccinia carthami)

Symptoms : The initial symptoms appear as small pustules on the cotyledons, leaves-and other
parts of the plant.

Control: (a) Seed treatment with Thiram or ceresan at the rate of 3g/kg of seed, (b) Burning
of infected plants, (c) A long crop rotation may be followed.,
‘2, Cercospora leaf spat (Cercospora carthami)

Symptoms : The lesions start as round to irregular spots, on leaves and sometimes infects |
bracts, stem and nodes causing withering of plant parts, Severe attack on leaves may lead to
shot hole and leaf blight, '

Control : (a) Seed treatment with Thiram or Ceresan at the rate of 3 2/kg of seed,

3. Alternaria leaf spot (Alternaria carthami)

Symptoms : The fungus attacks all parts of the plant producing round, dark brown spots in
concentric rings on leaves, stem and floral parts, -

Control: (a) Seed treatment with Thiram or Ceresan at the rate of 3g/kg of seed.

Check Your Progress-1 _
What is the scientific name of Safflower aphid? How do you control it?
Note: (a) Write the answer in the space giv@e!ow.

(b) Comparé your answer with th@e ‘given at the end.

..................................................................................

..................................................................................

16.4. SUNFLOWER

The major sunflower producing countries of the world are Soviet Union, U.S.A.. Argentina,
Rumania and Spain. : : - o

In India the crop is mainly cultivated in Maharashtra, Karnataka, Andhra Pradesh, Tamilnadu
and Uttar Pradesh and to some extent in Gujarat, West Bengal, Madhya Pradesh, Orissa and
Punjab, : :

16.4.1.  Climatic Requirement

The crop requires mild cool climate during germination and seedlings growth stages. It
requires warm weather from seedling stage upto flowering stage and warm sunny days during
-tlowering to maturity. High humidity accompanied by cloudy weather and rainfall at the time of
flowering results in poor seed set. The percentage of linolinic acid decreases with increases in
temperature at maturity, however it is a photoinsensitive cop, therefore can be grown throughout
the year with some difference in duration viz., kharif 80-90 days, Rabi 105-130 days and spring
100-110 days. :
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18.4.2.. . Soil

" Sunflower can be grown on wide range of soils and can tolerate some salinity. It comes up
. well in deep loamy soils with good drainage. The optimum range of soil pH for this crop is 6.5
to 8.5. It’s performance is better than Groundnut on heavy black cotton soil.

16.4.3. Time of Sowing (Season)

Sunflower can be grown throughout the year and is not affected by season or day length,
that means it can be sown in any month. During kharif it can be sown from June to August,
but early sowings always give higher yields. As a Rabi crop, Sowing during 2nd fortnight of
September to 1st fortnight of October is better. Summer crop is sown by the end of January to
middle of February. No doubt the early sowing always give higher yield however sowings should
be adjusted in such a way that peak flowering should not coincide with rainfall.

16.4.4. Croppmg System

~ Sunflower performs well as a pure than as mixed crop. However it can. be grown in
intercroppmg systems along with other suitable crops in different regions.

16.4. 5. Vanetles

Sunflower varieties, differ in the degree of dormancy viz., EC 68414, EC 68415, EC 69874
and BSH-1 shows marked dormancy ranging from 40 to 60 days whereas Morden and APSH-I1
exhibit no dormancy. The period of dormancy is related- to the time of harvest. Earlier harvests
results in increases in the period of dormancy and in addition gnany seeds remain unfilled in the
center of the capifulum. Delay in harvest reduces the peridd of dormancy proportionately but
the seed loss increases due to bird attack. Seed dormagtfycould be overcome by soaking the
seed in aqueous solution of 25 ppm ethanol or Glbbﬂ%i acid for 24 hours.

Varieties under cultivation % 2 :

Variety : Height uration 0il content
in days _
EC68414 - Tal -~ 100-119 days 42
"EC 68415 Tall - - 100-11¢ days 42
Morden Dwarf 75-80 days 40
BSH-I Medium Tall 90-95 days 42
Co-1 : Dwarf _ 65-70 days 38

Surya . Tal © 100-110 days 42

The other sunflower hybrids Whlch have given higher yield are: -

TNAU SUF-3, TNAU SUF-4, KSF-3, CGP- 1 APSH 9, APSH-11, PKVSH I, PKVSH-4,
KBSH-14 MS§H-1,4,5,10,11,12.

16.4.6. Field Preparation

Crop requires well pulverised and weed free seed bed for proper germination and initial
growth. One deep ploughing followed by 2-3 light ploughings, cold crushing and levelling arc
essential. There should be sufficient moisture in the sofl at the tsmc. of sowmg for proper
germmatlon

18.4.7. Seeds and Sowing

Well filled (60!;_;{1000 seeds) high quality improved or hybrid seeds should be used for sowing
after treating with captan or thiram at the rate of 3 g/kg seed before sowing for the control of
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. Application of 40-60 kg N, 60 kg on%n

seed born diseases. Size -of the seed:-and its-chemical composition has a great influence on the
getmination' seedling vigour, final size and yields. Special care is necessary where soil crushing
is a problem. Germination and emergence will be’ mhtblted under water Ioggcd condmon due
to lack of oxygen to the young seedlings. :

“Whenever there is delay in sowing of the crop and insufficient mmsture in the sml soakmg
the seeds in water for 12 hours and drying them in shadc and then sowing helps in better
gcrmmauon and establishment of the crop.

. Under favourable moisture conditions 45 cm x 30 cm and for limited soil mOi_sfure condition,
60 cm x 30 cm for tall and long duration varieties, whereas for Dwarf varieties 30 to 45 cm inter
row and 20 to 30 cm intra row is recommended. A seed rate of 8- 10kg/hactare is sufficient to
ensure good crop stand, Generally seeds should bc sown at 3-5 cm dcpth for getting good. stand
and establishment of the crop.

Thmning is very important operation in sunflower. After emergence of the crop the excess
seedlings have to be thinned 10 to 15 days after retaining only healthy seedlings. Gap filling in
maost instances is found to be waste of time and material unless the gaps are large cnough The
late sown plants will not compete with establlshed plants and will mature very late,

Sunﬂowor_-exhlb-l is remarkablc yield, plasticity with densities ranging from 50,000 to 1,25,000-
-plants per hectare under rainfed condition. However 75,000 plants/hactare under rainfed and
about 75,000 to 1,00,000 plants under irrigated condition are optimum. At very high density
beyond one lakh plants per hectare; stalks break due to thin stem and at low densities less than
50 000 plants[hectare plants lodge due to heavy WClght of the large heads. :

16 4.8, Manurcs and fcrtlllzers

Sunﬂower is an exhaustive crop ‘an \bnds well to Nltrogen Phosphoms and Potash.
@0 kg K5O/ha is found to be optimum. However the
dose can be changed depending upen fertifity status By and large 40 kg N and 20 kg P,O¢
has been found to be optimum un%,f infed conditions where the rainfall has been found to be
optimum under rainfed conditigns Where the rainfal! is very much erratic. Nitrogen is essential
for vegetative growth where_as%osphorus Is necessary to improve the seed size and its proper
filling and to increase oil content. . -

Appltcdtlon of half the recommendcd dose of N and entice P05 and K5O at the time of
sowing and remaining N when the crop is 35 to 40 days old is very effective.

16.4.9. Intercnltwatmn_

Sunflower is a rapidly g growing plant and compete well after 30 days of sowing, First 25-30
days is the most crucial period for control of weeds. Interculture with bultock-drawn implements
will damage the crop from stem breakage by 10 to 30%and hence hand weedling twice, one
between 20 and 25 days and another ‘after a fortnight, is found to be better to control weeds.
Hand weeding also provide sufficient aeration to the young growing roots. Weed control by
ché_mic_als can atso be adopted. Fluchlorine or Lasso as pre-emergence application at the rate
of 1.5 kg (ai} per hectare have been found to be effective. Grasses can also be controlled by
using Fusilade at the rate of (.5 kg/ha as post emergence spray.

16.4.10. Water management -

Suntlower is a crap of medivm water requirement. Usually no irrigation is required for kharif
¢rop. However one irrigation should be given in case of uneven distribution of rainfall. Pre-
sowing irrigation is nevessary for Rabi and Summer crops. bud initiation (20-25 days), button
stage (35 to 40th days)., flowering (60-65th day) and seed development are very important critical

. stages in the crop. Moisture stress during these periods should be avoided to obtain higher

'\."l
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16.4.11. Hand Pollination

When the crop is in flowering, on alternate days in the morning hours from 7 AM. touching
the flowers with Palm gently and smearing the heads with pollen one to another is profitable.
This operation is to be carried for about 10 clays (5 to 6 times hand pollination during ﬂowermg)
Hand pollination was found to increase the yleld to an extent of-20 to 25%. Hand pollination
is particularly must during adverse weather conditions and places having low bee activity when
open pollinated varieties are taken up.

16.4.12. Harvesting

" The crop matures in about 80-110 days depending upon the varieties used. Harvest can be
taken up when the back of the head turns to lémon yellow colour, After cutting the heads they -
are dried for 2 to 3 days and then seeds are separated The separated seeds are dned agam and
winnowed and cleaned. :

10.4.13. Important Pests and Dlseases of Sunﬂowa

A, ?ésts : . .

1. Bihar hairy caterpillar {Diacrisia oincua) o

2. Tobacco éaterpillar (Spodoptera litura) - '

3. Black halry cater pillar (Estigmene Iactmea)

Symptoms- The larvae of the above insects feed- vorac:ously on the leaves causing defohatlon

Control* Spray chlonpyrlphos 2.5 mlﬂltre) or Monocrotop (1 5 mlﬂltre)

- 4. Thrlps (M:crocephafothnps abdormnahs)
Symptoms : The flower heads of sunflower are. mfes%(l.(;)the thr]pS resultmg in reductlon in.

yietd. -

Control_':' Spray Mbnocrotophos(l,s ﬁi.l'z'lit'}'e%g;ns_tﬁoate (1.5 mI_,{_llltlnres)_. .

B. Diseases _ V. 5 o

1. Leaf spot (AIternaria hehanthz)

Symptoms : The lesions generally appear or leaves but _may_épp_éar on stem, sepals and petals.
Control: Spray Dithane M-45 (2.5 gllitre). o .
2. Rust (Puccinia heha.nth:)

Symptoms :The lower leavcs show small rcddlsh brown Spots’ covered with rusty coloured
dust. The leaves may turn yellow as the disease spreads. . e e S

Control: (a) Spray Dithane M-45 (2.5 g/litre) or calixin (2 ml/[!tre), (b) Crop rotation and
destruction of volunteer seedlings, (c) Growmg resistant varieties like Admiral and Advent.

Check Your Progress -2&3
2. What is the advantage of hand pol[mation in Sunﬂowcr"

3. Leaf spot of sunflower is caused by

Note:{a) Write your answer in the spaces gwen be]ow and above _' -

(b) Compare your answers w1th those gwen at the end

....................................................................................

.......................................................................................
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165. SUMMARY

Safflower is mainly cultivated for oil, which is rich in unsaturated fatty acid, which helps in
reducing cholesterol in blood. Oil has also got industrial use for making paints, varnishes and
linoteur. In India it is mostly grown in Andhra Pradesh, Maharashtra and Karnataka. It is cold

. season crop grown mostly in Rabi season-1st fortnight of October is optimum time of sowing.

It is & drought resistant crop, grown mostly on residual moisture. Row spacing of 45 to 60 ¢m
is recommended with 10 kg/ha seed rate (plant population/ha 90,000 to 1,00,000). Manures and
fertilizer doses differ based on preceding crop. In Andhra Pradesh 25-30 kg N and 20-30 kg

-P»0g is sufficient. Safflower is mostly grown as rainfed but 1-2 irrigations will give 20-25% higher

yield. Rosette stage to flowering and grain filling stages are critical for water stress. Duration of

.- this-crop is 115-140 depending upon varieties. Manjira, APRP-3 are recommended varieties for

Andhra Pradesh. The average yield is 1200-1500. kg/ha.

Sunflower was introdaced in India in 1969 as oil seed crop for_commercial cuitivation. It has
certain advantages over others. (a} Can be raised in any season. (b) Under wide range of soil.

(¢} Drought resistant. (d) Seed multiplication easy. {e) High quality oil with anti-cholesterol

properties for cooking purpose, The draw backs in Sunflower cuitivation are poor seed filling
and bird damage. Major producing countries are Soviet Union, U.S.A. and Rumania. Sunflower

soils. Sunflower can bé grown throughout Yeg ie., June to Angust in Kharif, September to

«can be grown on wide range of soils and ca;tuleratc salinity. Crop requires well pulverised

- % 20 to 30 cm for dwarf varieties, 8-10wkg/Wa seed. 40-60 kg N, 60 kg P50 and 40 kg K50 is

: October in Rabi and January to Febrlsa?rf);ﬁyfmmer. 60 cm x 30 cm for tall varieties, 30 to 45

‘optimum under irrigation and 40 k nd 20 kg P,O¢ for rainfed. 25-30 days are most critical

for crop weed competition. Two h weedings or Fluchtoraline 1-5 kg a.i/ha is recommended.
Morden and BSH-1 is good varfefPand hybrid respectively for cultivation. Sunflower requires on
wrrigation during kharif but in winter or summer 3-4 irrigations are required. Hand pollination

| Increases yield by 20-25%. Duration 80-110 days, yields about 12 to 15 quintals of seed/ha. Early

sunflower varieties had dormancy but the latest varieties like Morden is free from dormancy.

166, CHECK YOUR PROGRESS : MODEL ANSWERS

21

1. The Scientific name of Safflower appid is Dactynotus carthami. This can be controlied by
spraying Monocratophos (1.5 ml/litre) or Dimethoate ( 1 ml/fitre).

3

Hand pollination increases the yield to an extent of 2(]_-25% in Sunflower,

3. Alernaria helianthi,

16.7. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.
1. Give the description of safflower plants along with its usage and distribution.
2. Biscuss the fertilizer requirement under different situations.

3. Discuss in brief the climatic requirement of safflower with time of sowing in Andhra
Pradesh.



II.

Discuss in detail the merits about replacement of Groundnut by sunfiower. -
List out the advantages of groWing s_ti'nﬂo\ver as oil seed crop. ' -
Discuss the climatic requircment" and sowing time of sunflower.

Write in Brief about spacing, seed rate and depth of sowing of sunflower.

I A A

Write in detail about manures and fertilizer requirement of sunflower.

Answer the following question in about 10 lines each.

‘Write in brief about seeds and sowing of safflower. -

Write in detail about water management in safflower.

Write a short note on weeding and intercolture operation in safflower.
Mention in detail about the cr.opping system to be followed in safflower.
Discuss the merits and dgmerifs_ of gro.wing. safflower as pure or mixed crop.
Discuss water requirement of":s'unﬂnw.er.

Write in brief about weed control in sunflower.

Write a note on hand pollination in sunflower.

- RS - S o

Write about dormancy in sunflower.

—
&

Write the duration, oil content and hcights of any 3 varieties.

'?“00
o
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17.1. OBJECTIVES

After going through this unit you will be able to :

describe the climatic and soil requirements of blackgram and greengram,

list out the important varietieé of blackgram and greengram,

describe the method of field preparation and sowing of seeds of blackgram and greengram,
list out the manures and fertilisers required for blackgram and greengram,

describe the method of intercultivation and harvesting of Blackgram and greengram,

S S

list out the important pests and diseases of blackgram and greengram and describe the
symptoms caused by them and suggest the control measures.

17.2. INTRODUCTION

Blackgram is one of the important pulse crops and is closely reiated to green gram and is
more extensively grown in India than greengram. It is used mainly as an ingredient in South
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Indian breakfast dishes. It is also used as a nutritive fodder specially for mulch cattle. It is
also used as green manure. It contains 24% protein, 60% carbohydrate and good amount of
phosphoric acid. Black gram is cultivated in Bangladesh, Pdktstan Burma and Ceylon.

Greengram (Moong) in an excellent source of high quality proteln as food which contalns
about 25% protein. Being a leguminous crop, it is also used for gieen manuring. It can be used
as a cover crop which prevents the soil erosion, Tt is also used as feed for cattle in green or dried
condition. As its duration is short it can be accommodated in any type of the intensive cropping
programme. Greengram has been cultivated in India since ancient times. Numerous varieties
are found in different parts of the country but the plant is not found in wild state, Grcéngram is
supposed to be native of India and Central Asia. It was grown in these regions since pre- hastonc
times. It is now spreading slowly to other Asian and African countries.

17.3. BLACK GRAM

In India it is extensively grown in Madhya Pradesh, Andhra Pradesh, Uttar Pradesh and
Tamil Nadu. In area and production Madhya Pradesh stands first followed by Maharashtra. In
Andhra Pradesh it is mainly grown in Khammam, Guntur, Na[gonda Adilabad, Karlmnagar
Ranga Reddy and Srlkakulam

17.3.2. - Sml

" Black gram does well on heavy soils. However it can be grown ofi all types of soils raﬁgihg
from sandy loam to heavy clay except alkaline and saline. Loamy or slightly heavy soil with

: we]l drained medium soils in humid regions,

natural pH are best suited. It should be grown on heavy s $ where rainfall is scanty and on

17.3.3. Season O

Kharif season: Sowing is done with the onscl@qnonsoon or 2nd fortnight of June to ‘1st
fortnight of July. . o .

Rabi: Second fortnight of Septembcr-to end of COctober. ._

Summer: The sowing could be done from last week of February to 1st week of Apr:l Rlcc
fallows: December month.

This crop is grown in kharif, Rabi and summer in South India, where as in North Indla 1t is
cultivated in kharif and summer seasons. :

17.3.4.  Crop Rotation and Inter Cropping

Black gram is grown mixed with jowar, maize, bajra and cotton during Xharif season. As an
intercrop it is taken in redgram and sugarcane. One or two rows of Blackgram are sown in two

~ rows of Redgram planted 75 cm apart. The black gram will be an addltlonal 1ncome wuhout'

affecting the-Redgram or Sugarcane yield.

In command areas black gram is cultivated largely in rice fallows of Guntur, Kanmnagar dnd

leamabad Districts.

17.8.5. Varieties

The crop is classified into two sub- species. They are : (1) Vigra mungo - var. Niger -

early maturing, bold and black colour seeds, (2} V;gna mungo - var. Virdis late maturmg, small.

and green colour seeds.

It is an-annual plant attaining a height of 30-100 centimetres. In general appearance, the

plant looks like green gram except darker green shade leaves, more hairy with slightly smaller
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stature. Seeds are generally btack or green. The split seed of Black gram is white in colour, Self
fertilization is the rule. The varieties recommended for A.P. are given below.

1. T-9: Suitable for all seasons as well as in Rice fallows; duration 70 days, yié!d 7.5 Q/ha;
plant short semi erect, seed is medium, good cooking quality and tasty, suitable for multiple -
cropping system. '

2. LBG-17: Suitable for Rabi and Rice fallows, duration 75 days, yield 12-14 Q/ha, plants

tall, semi spreading, seed bold, with shining coat. Pods are long, bold and green in colour.
Resistant to downy muldew fairly tolerant to yellow mosaic virus. Photosensitive, suitable
for Rabi and Rice fallows.

17.3.8. Field Preparation

Fields are prepared by ploughing with mould board plough or country plough followed by
two to three harrowings and one planking. For rice fallows no preparation is required. For
crop after harvest of Rabi crop 2-3 harrowing followed by planking is adopted to ensure good
germination. Pre-sowing irrigation is given.

17.3.7. Seeds and Sowing

Before sowing, seeds should be treated with thiram at the rate of 2-5 g per kg of seed. During
kharif season 12-15 kg seeds are sufficient per hectare. Vegetative growth of the plant will be
more in Kharif. A wider spacing of 45 em is recommended, otherwise 30 cm is optimum. Seed
drill could be used for sowing. In rice fallows sprouted seeds are broadcasted. Seeds should be
inocitated with suitable Rhizohium culture, if Biack gram is being taken for the first time in the
field or after a long duration. As green manure\25-30 kg of seeds per hectare is used,

17.3.8. Manures and Fertilizers {:}

Being a leguminous crop small ua%n'y of Nitrogen at the rate of 15-20 kg/ha is sufficient.
Phosphate and potash fertilizer sh@be applied based on soil test values or 30-50 kg P50y
and 30 kg K,O/ha is sufficient ¢ entire guantity of fertilizer should be applied as basal by
drifling 5-7 centimeter befow seed¥If F.Y.M. is available 5 tons/ha during land preparation may
be added.

17.3.9. Intercultivation

One or two hand weedings should be done upto 40 days after sowing depending upon weed
intensity, otherwise Fluchlorine at the rate of 1-5 kg a.i. per ha can bé used as pre-sowing soil
incorporation.

17.3.10. Water Management

Rabi crop and summer crop, require irrigation. The number of irrigations required depends
upon soil ‘and climate. From flowering to pod devefopment stage, there is need of sufficient
moisture in the field. 3-4 irrigations are sufficient., Blackgram taken in the rice fallows are not
generally irrigated. Generally the crop should be irrigated at an interval of 10-15 days.

17.3.11. Harvesting and threshing

Black gram is harvested when most of the pods turn black. Qver maturity may result in
shattering. Harvested crop is dried on threshing floor for few days. A well managed crop yields
about 15-20 grain quintals/hectare,

174. GREEN GRAM

It ts cultivated presently in Burma, Ceylon, Pakis.tan, Fiji, China and Africa. In India, it



is being grown in almost all the states. The important states that are cuttivating this crop are
Orissa, Maharashtra, Andhra Pradesh, Madhya Pradesh, Guijarat, Rajasthan and Bihar. The
average productivity of this crop is 330 kg/ha. Out of all the important states that are growing,
Orissa has maximum area followed by Maharashtra and are Andhra Pradesh. In Andhra Pradesh
it is grown mostly in the districts of Warangal, Karimnagar, Krishna, Khanimam, Adilabad,
Nalgonda, Guntur and Ranga Reddy. )

17.4.1.  Climatic Requirement

It is a tropical crop. It requires hot climate and can tolerate drought to certain extent. It
can be successfully grown in the areas having an annual rainfall of 60-75 centimeters but heavy
rainfall at flowering is not desirable as the fertiliization is adversely affected resulting in poor
yield. Green gram is considered to be the hardiest pulse crop. It can be grown from mean sea
tevel to an elevation of 2000 metres. : :

17.4.2. Soil

Greengram can be grown on variety of soils ranging from red laterite to black cotton soils
but comes up best in well drained loamy to sandy loam soils. A saline or alkaline, heavy black
soils with poor drainage are not suitable.

17.4.3. Season

1t is largely grown as a rainfed crop during Kharif scason. In some parts of Maharastra,
Andhra Pradesh, Tamilnadu it is cultivated in rabi season also as a second crop afier rice,
especially in coastal Andhra pradesh. In this arca the sprmm seeds are broadcasted in the
standing rice crop one week before harvest. The residual mgis in the soil is sufficient for this
crop in heavy black or alluvial soil types. In some of the s of Northern Tndia and Western
plains, East and Central Zone it is taken as summer c!ip.under irrigation after wheat and for
this purpose short duration, photoinsensitive varie@j ¢ Pusa Baisakhi, Mohini, IRG-30 etc,,
are recommended. : '

1. Kharif: Sowing is done with the onset of South-West monsoon in the second fortnight of
June to first fortnight of July.

2. Rabi: Sowing is taken up during the months of October and November.

3. Summer: Sowing is taken up from second fortnight of Aprit.

17.4.4. Crop Rotation and Intercropping

Greengram is grown as a mixture with Redgram, Jowar, Bajra, Maize, and Crop rotation
and Inter cropping cotton during Kharif season. As an Inter crop it can also be cuitivated along
with Sugar cane, without adversely affecting the sugarcane yield. Sugarcane is planted 90 ¢m
apart. The important crop rotations are:

Paddy - Greengram.
Paddy - Paddy - Greengram.

Greengram - Cotton.

. _Maize - Wheat - Greengram.

1

2

3

4, (Greengram - Cotton.
5

6. Greengram - Wheat,
7

Greengram - Potato.
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17.4.5.. Varieties -

" The moong crop can be grouped into four different types based on leaf size, flower colour,
pod calour and seed colour etc,

i ___'S'é,ed _éolour; Green, Black, Brown or yellow.

ji. Seed surface = Dull or Shining. '
iil. Flower colour = Light yellowish olive or olive yellow.
'iv. Pod colour = ron grey, olive grey or snuff brown.

- Greengram is-a-small herbaceous annual plant growing to a height of 30 to 100 ¢ms with a
slight tendency to twining in the upper branches. The central stems are more or less eréct while
side branches are semierect. The leaves are trifoliate with long petiole. The stems and leaves
are covered with short hairs and they are smaller than green gram. The crop is self pollinated;

Varieties recommended for Andhra Pradesh

Variety Season Duration Yield -
: Q/ha

kharif, Rabi 60-65 10-12 The plant is medium tall
Summer, days and erect, stem is green
Rice - moderately susceptible
fallows : to powdery mildew and
' yellow mosaic virus,

~Pods are dark brown in

_ colour when fully riped.

. 0 : ~ Number of pods/plant is

0 : 12 with 14 seeds. Seeds

are Jull green in colour

Characters

1.Kondaveedu

. 2. P§-16

3. PIMS-4

Q}?‘

Kharif, Rab@ 60- 8-10
Summer days
Rice fallows. .

Kharif, Rabi, 65 o 11-12
Summer : days
Rice fallows,

and weight of 100 seeds
is 2.7 grams.

Plant is semi erect with
efongated peduncle, uni-
form maturity, comes
up in single harvest,
Recomniended for all
the districts of the state,
Seed is shining with
yellowish green (Pacha-
Pesalu) in colour,

Stem with green colour
Pods are dark brow
when ripened. Seed is
dull green in colour and
bold.

Check Your Progress - 1
What is the duration and the yield of the Kondaveedu variety of Greengram?
Note: (a} Write the answers in the spaces given above and below.

{(b) Compare your answer with the one given at the end. | -

...................................................................................

.................................................................................
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17.4.6. Field Preparation

For pure crop in Kharif season the land is ploughed twice and then harrowed. The field

should be well levelled and made free from weeds. For summer crop after harvesting of Rabi
crop a light irrigation is given then the field is brought to fine tilth by ploughing, harrowing and
planking and finally the field is levelled to minimise moisture loss by evaporation.

Seed can be sown at 30 centimetres away behind the plough or using the seed drill when it
is grown as intercrop. The seed rate may be adjusted depending upon ratios. In rice tallows the
sprouted seeds are broadcasted. It is also desirable to treat the seed with suitable Rhizobiumn
culture as well if the pulse crop is sown in the ficld for the first time or after a long periad. The
seed should be treated with thiram or captan at the rate of 2.5 g/kg of seed.

17.4.7.  Seeds and Sowing

1. Durind Kharif 12-15 kgs of seed/ha and for rabi and summer sowings 15-20 i(gs of seed/ha

are required.

17.4.8. Manures and Fertilizers 0

The crop is generally grown on residual fertility of the eeding crop in wet lands. However
the crop responds to the application of fertilizers espegi lg’uosphorus, sinee it is @ igguminous
crop. It does not require high dose of Nitrogen. Howy %F‘a starter dose of 15-20 kg ¥ and 38 to
40 kg PyOg/ha is sufficient. Generally no respon noticed for potash application. However
if the soil is poor in potash, 25-30 kgs of pota n be applied. The fertilizer should:be drilled
‘either at the time of sowing or before sowing S-7 centimeters below the seed. All the fertitizer
should be applied as basal dressing. If available, 8-10 tonnes of F.Y.M. or compost cgnﬁ'also be
applied. : : ™

17.4.9. Intercultivation

Competition of weeds is more during the early stage of the crop arowth, especially during
~ Kharif season and if the weeds are not controlled, the moisture ard nutrients will be atilized by
the weeds, but once the crop is established, it will smoother the weeds. However two weedings
should be given to get the higher yield. First hand weeding has to be taken up 20-25 days after
sowing, and second 40 days gfter sowing. ‘Weeds can also be controlled by inter cultivating the
crop with tyned hoes. This wili not only controt the weeds but also forms a soil muich to conserve
the soit moisture. Weeds can also be cantrolled by using herbicides like Fluchiorine 1.0 kg a.i/ha
as presowing soil incorporation or Alachior 0.5 to 0.75 kg a.i./ha as pre-emergence application.

17.4.10. Water Management

For Kharif crop, irrigation is not necessary but good drainage is essential as the crop is grown
during the ‘monsoon.

‘For Rabi and Summer crop 3-4 irrigations may have to be given. The first irrigation at

sowing time, second at flowering and third at grain development stage are necessary. Depending -

upon the soil type and temperature number of irrigations my have to be changed. In general
the irrigation at an interval of 12-15 days has to be given.
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17.4.11. Harvesting angd Threshing

Shattering of nods is a great Problem with this pulse, therefore picking should be taken up
as socn as poeds mature. Harvesting should be completed in 2-3 pickings. The pods or whole
crop after complete drying should 'be threshed manuaily. A well managed crop under rainfed
condition gives 3~ quintals/ha and under irrigated conditions 10215 g/ha.

175 IMPORTANT PESTS AND DISEASES ON BLACKGRAM
AR GHRYFENGRAM

A. Pestis
f. Gram caterpiiinr (Heliothis armigera)

Symptoms : Theinsect attacks greengram, blackgram, redgram, bengal gram etc. The caterpillar

. feeds on leaves, pods eic. At the time of feeding it thrusts its head inside the pod leaving the
vest of its body oufside. Ve larvae feeds on the tender foliage and as they grow, they bore into
{fie pods and feed on *he seed contents. '

Coniral: Spraying of HEndesulfan (1.75 m'Iflitre) or Fenvalerate (0.5 mlftitre) or DDT 50 WP
(3 gflitre).
4. Spotted pod bores [Afrerica tastulalis)

Symptems: The insect arfacks sreengram, black gram, red gram etc. The caterpillars web the
flowers together and feeds ¢t thom and also bores into pods from one end and eat away the
ripening seed,

Contral: (a) Spray Endosulfan 1800 m!_} or Carbaryl 50 WP (3 gllitre) at 50% flowering.

8. The pod bug (Riptorins ;'Q; '

Symptoms: It s polyph;;gc%'s:-r:"" «isacking greengram, black gram, red gram etc. The
nymphs and aduits of the brownMn tone hi's snck the sap from the tender shoots and pods and
causes heavy vield losses,

Tonirsl (3) Spray Monocrotophos £ 1. miide) or Dimethoate (1 mllitre),

1 Aphid (Aphis craccivora)

“rinpiones: It attacks greengram, black et

m: etc. Both adults and nymnphs suck the
wp from the tender leoves and shoots and vartse i

g,

Contrel: Spray Monocrotophos (1.5 miftiies s or Dinerhoate (1 mlfitre).

3. Stem fly (Melargomyza phasecoli)
Bymptoms:it causes withering and drying of shovis in green gram, black gram, red gram etc,

Controk Spray chloripvriphos (2.5 miflitre) or Monocreiophas (1.5 miflitre),

& Thic fungus attacks both green and black gram. The infaction occurs at any stage
¢ th but severe infection occurs during flowering. “White powdery growth appears on
i My and spread 1o stem and other parts of the plant.

+ocnsting of sulnhur at the rate of 10 ka/acre,
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2. Cercospora leaf spot (Cercospora canescens)

Symptoms: The fungus infects both green gram and black gram. During initial stages of
infection water soaked lesions appear on leaves and as infection devclops the affected tissues
turn brown to reddish brown. Pusvle borders develon around the well detined spots and centres
may turn grey at maturity. In severe cases the infected tissues are killed and the dead portion
drops Ieaving shot hole symnptons on leaves. :

Control: Spray Bavistin (} gfitre) or Dithane M-45 (2.5 ghlitre).

3. Anthracnose (Glomerella lindemuthianum)

Symptoms: The fungus atiacks both greengram and blackgram. Ths infection may take place
at any stage of plant growth on any plant part above the ground. The infection on leaves occur
on under sorface. The stem and petioles are also affzcied. The afiected plant parts may dry
under severe conditions of attack.

Control: Seed treatment with Thiram or Ceresan at the rate of 3 g/kg of seed helps in eliminating
seed-borne infection,
4. Rust (Uromyces appendiculatus)

Symptoms: The rust also attacks both green gram and biack gram. The fungal infection
produces typical pustuies on !eaf blade and other plant parts. In severe cases the sorl may
coalesce and cover the complete leaf blade and resuliing in withering.

Control: Sulphur dusting at the rate of 10 kg/acze.

5. Dry reot rot (Macrophomina phaseoii) 0

feaves and sfier one oy twe days
smitial symptoms the plagts may wilt,

Symptoms: The affected plants initially show yellowi
the leaves droop and eventuaily drop off. After a we
The tissues gets weakened and break off easily.

Control: {a) Field sanitation measures help@ checking the soff borne ncsubnm, (b)Y Crop
rotation. : ’
Check Your Prpgress - 2 & §

2. Powdery mildew of greengram and blackgram is caused by __

3. Dryroot rot of greengram and blackgram is caused by

Note: (a} Write the answers in the space given above.

(b) Compare your answers with those given af (s end.

17.6. SUMMARY

Black gran: is mainfy used as an ingrediant in South Indian break ] $
grown in Madhya Pradesh, Andhra Pradesh, Utiar Predesh and Tamiinadu In Andhra Pradesh

it is confined mostly to Khammam, Guniur, ahad, Karimpagsr, Black gram is
classified into two sub-species with different durations and seed Colour, Black gram requires
hot and humid season and can be grown in ail three seasons, viz, Kharlf, Rabl and Summer, It

is generaliy grown in all types of soils ranging from sandy loam to heavy except aikaling. T-8
and LBG-17 are two improved varieiies recommended for Andhira Pradesh. 12-15 kg seeds per
hectare are required and are sown 30 cm apart. Being leguminous crop 13-20 kg N, 30-50 P50
and 30 kg KO is sufficient. Weed free upio 5-7 weeks is essential to get pood yigid, In Rabi
‘and summer 3-4 irrigations are given to get good crep. Luration of crop ranges from 70-90 days.
Yield also varies and it ranges from 7-12 £/ha.
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Green gram is an excellent source of high quality of protein. It can be used as a green manure
as well as fodder crop. It can also be used as cover crop to prevent soil erosion. It is cultivated
mostly in Burma, Ceylon, Pakistan, Fiji, China and Africa. In India, it is grown in atmost all
the states, especially Orissa, Andhra Pradesh, Maharashtra Madhya Pradesh, etc. In AP. it is
grown in Warangal, Karimnagar, Krishna, Khammam, Adilabad, Guntur. Green gram can be
grouped into 4 different types based on leaf size, flower colour, pod colour and seed colour. It
is troplcal crop, requires hot climate and also tolerates drought. It can be grown on variety of
soils ranging from red laterite to black cofton soils. It is grown in all three seasons. During
Kharif 12-15 kgs and in Summer 15-20 kgs seeds per hectare are used. For Green manure 25-30
kgs are recommended. The seeds are sown at 30 cm spacing by seed drill. In rice fallow the
sprouted seeds are broadcasted, For green gram 15-20kg N, 30 to 40 kg P,0g is recommended.
In Potash difficult areas 25-30 kgs of K50 is also recommended. Two weedings, one at 20-25
days and the other 40 days after sowing are done or Fluchloraline at the rate of 1.0 kg a.i./ha can
also be used. For Rabi and Summer 3-4 irrigations may have to be given for getting good crop.
Kondaveedu, PS-16, and PIMS-4 are the improved varietigs. Duration of the crop is 60- 70 days
and yields are about 5-6 Q./ha.

17.7. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The duration of Kondaveedu variety of Green gram is 60-65 days and the average yield is
10-12 quintals/hectare.

Erysiphae polygon.
3. Macrophomina phaseoli. \

17.8. MODEL EXAMINATION QVESTIONS
E

N

L. Answer the foﬂowing que;t% in about 30 lines each.
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1. Write in detail the area production along with classification of Black gram varieties.
2. Write in-detail the used arca and production of Green gram,

3. Listout the different types of green gram along with characteristics of any two green
gram varieties. -

II. Answer the following questions in about 10 lines each.
. Write the fertilizer recommendation to balck gram.
. Write the season and date of sowing of black gram.

. Write noton crop rotation and intercropping in black gram.

T R

. Write brfiefly about intercultivation and water management in black gram,

. Write the fertilizer recommendation to Greengram.
. Write seed rate for different seasons for green gram.
. Write the soil and climatic requirement of Greengram.

. Write a note on crop rotation and inter cropping in Greengram.

o B W P e

- ‘Write briefly on intercultivation in green gram.



UNIT - 18: REDGRAM AND
~ BENGALGRAM

Contents.
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: - .18.4.4. Varieties -

18.4.5. Seeds and Sowmg
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18.4.7. Rotation and Mixtures - O
18.4.8. Irrigation

18.4.9. Weed Control . : : ‘?\ :

18.4.10. Harvesting, Threshing and Yield :

18,5, Important Pests and Diseases of Redg@ and Bengalgram
18.5.1. Pests of Red gram and Bengalgram _ o
18.52. Diseases of Redgram ' o
18.5.3. Diseases of Bengalgram'

18.6. -Summary

18.7. Check Your Progress : Model Answers

18.8. Model Examination Questions

18.1. OBJECTIVES- |

describe the climatic and soil requlrements of Rcdgram and Bengalgram
“list out the important varieties of rcdgram

describe the method of land preparation’ and sowing: of Redgram and Bengalgtam,
list out the manures and fertilisers requlred for Redgram and Bengalgram,
describe the method of intercultivation and harvesting of Redgram and’ Bengalgram

list out the important pests and diseases of Redgram and Bengalgram and descnbe the
Symptoms caused by them and suggest the control measures.

Sth B N

182, INTRODUCTION |

Redgram is one of the most w1dely cultivated pulse crops of India which fufni.shes' j)art of the
daily dietary in South Indian homes. It is extensively used as ‘dhall’and considered a perhaps the
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most important protein food among the people of South India. Its green pods may be used as a
vegetable. The husks of the pods and the leaves obtained at threshing time for a valuable cattle
feed. Being deep rooted crop, it is also planted as a soil renovator to break-up the hard sub-soil
and to check soil erosion. The heavy shedding of leaves adds considerable organic matter to the
soil. Stalks are used as fuel. =

. Bengalgram is commonly known as Gramn. It is one of the most important pulse Crops grown
in our country. It occupies 34% of the area and accounts for 46% production of all pulses grown
in India. It is used as dhall, flour and eaten as boiled, fried and parched. Germinated seeds are
recommended to cure ‘Scurvy’. Malic and oxalic acids collected from green leaves are used for
intestinal disorders. The husks of the pods and the dry stems and leaves obtained at threshing
time form an important cattle feed.

18.3. REDGRAM

As a cultivarea crop Redgram is said to have existed in India from very ancient times although
it is claimed that the home of the plant is Africa in the regjon of Upper Nile and coastal
districts of Angola. 1t is grown throughout the tropical countries of the world as a cultivated
crop, especially in the more arid regions of America, Australia, West Indies, Ceylone, India,
China, Pakistan etc.

About 90% of the world pigeonpea is produced in India. It is grown in almost every state
of the country. In India the crop is cultivated in an area of 2.84 m.ha with a production of 1.93
n.t. Among the different states in India, Maharastra stands first followed by Madhya Pradesh
and Uttar Pradesh in area while in production Uttar Pradesh stands first followed by Maharastra
and Madhya Pradesh. 0 '

Check Your Progress - 1 & 2 O
1. Which is the highest Redgram oming state in India?

2. Redgram is originated fro . - Countries.

Note: {a) Write the answers in the spaces given above and below.

(b) Compare your answer with the one given at the end.

..................................................................................
..................................................................................
...................................................................................

..................................................................................

In Andhra Pradesh the crop is grown in an area of 2.40 lakh hectares producing 0.45 lakh
tonnes of grain annually. The area under redgram is maximum in Adilabad district (35,000 ha)
followed by Mahaboobnagar (35,000 ha) and Ranga Reddy (19,200 ha). Mahaboobnagar is the
maximum producer followed by Adilabad and Ranga Reddy districts.

Table 19.1 Area and production of redgram in different districts of. Andhra Pradesh

Si. District Area ' © Production
No. (000 ha) C0n0 t)

1. Adilabad 35.30 4.60

2. Mzhaboobnagar 35.00 490

3. Ranga Reddy : 19.20 _ : 4.10




Earlier sowings are preferable if wheat is to be grown during rabi. Care should be taken
that flowering and pod formation should not coincide with rains. General sowing periods are:

Kharif : June, July
Rabi : October, Novcmber.

. During Rabi season most of the varieties developed for kharif will undergo agronomic
dwarfing. So, whenever rabi sowings are taken up with there popular varieties like LRG-
30, it is necessary to adopt double the seed rate and close spacing for obtaining optimum
yield. Further the duration of these varieties will be shortened considerably besides agronomic
dwarfing of the plants-and will come to harvest within 130 days. Hence more number of plants
can be accommodated per unit area to get optimum yield. If these varieties are sown beyond
November they will not come to flower but end up with vegetative growth only. Efforts are
being made to evolve suitable varieties for rabi by ICRISAT and other research stations. The
varieties like C11 and LRG 30 which are atready developed are not able to give optimum yields.

18.3.3. Preparation of Land

The crop responds well to good tilth which is a prerequisite for good germination of seed
and establishment of optimum plant population. Deep ploughing followed by two or three
discings and harrowings are desirable. The field has to be levelled well and weeds are removed.
Land preparation is the most difficult job in rice fallows due to lack of sufficient time for land
preparation after the harvest of rice crop. ploughing wet soil leads to clody seedbed which results
in poor germination of seed resuiting in low plant population. HencC the fietd has to be prepared:
well by ploughing the soil at optimum moisture.

18.3.4. Varieties 0
The important varieties, their height, type, duratig?\agg yield are given below.
- 75
8.  Name of the Plant ~ Plant type YDays to  Days to - Yield
No. - variety height : flower maturity  (Q/ha)
(cm). .

1. Hy-1 115 Spreading 80 130 20-22
2. Hy-3 140 Semi-erect 81 130 - 2325
3. Hy2 200 Semi-erect 93 . 150 26-28
4, Hy4 170 Semi-erect 85 150 25-28
5. Hy3A 235 Erect 120 180 30-35
6. Hy3C 220 Semi erect 125 180 30-40
7. Palnadu = 145 Spreading 120 180 22-25
8. PDM1 145 Semi-Spreading 120 180 23-26
9. Cn 136 Semi-spreading 115 17¢ - 2325

18.3.1. Climatic Requirement

Pigeonpea is a tropical crop which is one of the most important heat and drought resistant
pulse crops. During the period of vegetative growth, moist weather is favourable and requires
comparatively cool and dry weather during reproductive phase. This crop is highly susceptible
" to fost. Cloudy weather during winter season or excessive rainfall at flowering stage damages

the crop to a great extent. ' '

18.3.2. Soils & Seasons

It can be grown in all types of soils except saline, alkaline and soils subjected to water
stagnation. Well drained, alluvial and loamy soils are hest suited for it. In heavy black cotton
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soils also redgram gives higher yields. Sowing time is mﬂuenced by rainfall pattern of the area
and duratlon of succeeding rabi crops.

18.3.5. Rotations and Mixtures

It is rarely grown as pure corp. It forms a companion crop to maize, sorghum, bajra, ragi,
groundnut, greengram, blackgram, cowpea, etc., in varying proportions. It is rotated with cereals. :

18.3.6. Seeds and Sowing

(a) Seed rate: As a pure crop it requires seed of about 15 kg/ha But it is seldom grown
as a pure crop but grown as mixture with other crops and the seed rate usually depends upon
the proportion of .this crop, generally 8-10 kg/ha. :

(b) Seed treatment: The seed has to be treated with Rhizobjum culture to increase the
grain yield by 20-30 per cent. Particularly in the soils when the crop is grown for the first time
it is all the more important to treat the seed for ebtaining higher yields.

(¢) Sowing: Sow the seed either behind the plough or with seed drill.

(d) Spacing: Plant population depends on: (1) Sowmg time, (2) Soil fertrllty status, (3)
Rainfall pattern, (4) Variety and duration.

Extra early and early varretles: 50 x 20-30 cm

Medium varieties : 60 75 % 20-30 cm

Long duration varieties : 75-90 x 20-30 cm

Nutrient requirement studies in g}pea revealed that apblicaiion-o’f 30 kg N/ha gave
a response of 1.0 Q/ha. Pota531 p%llcatlon however, did not show any response.Results

obtained on cultivated fields n amfcd conditions in pigeonpea indicated that four fold
increase in pigeonpea yields ¢ be obtained with agronomic management inputs-such as

18.3.7. Fertilizer Requirement,

- phosphate application, Rhizobium inotulation, weed control and plant protection.

Being a leguminous crop, it has the inherent capacity of fixing atmospheric nitrogen and
does not need heavy doses of nitrogenous fert:hser The fertilizer requirement for the: pure ciop
is as follows,

Fertilizer Dose No.of doses : Stages
Farm Yard Manure 5 tons/ha 1 Soil incorporatior
Nitrogen . 25 kgha 1 Before sowing
Phosphorous 60 kg/ha 1 ~ Before sowing
Potash - 25 kg/ha 1 Before sowing -

18.3.8." Water Management ana Drainage

Redgram is mostly a rainfed crop. However, a specral type of redgram called 'Pedda I(andr

oor‘*Kurakandi’ grown on garden lands and redgram grown in rice fallows is given light u'rlgatmns
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as and when‘needed.

18.3.9. Weed Control

 Weeds pose a serious problem particutarly during rainy season. During the early growth
stages weeds not only compete for the nutrients and moisture but also give shelter to the pests.



1t is, therefore, essential to keep the crop free from the weeds particuiarly during the early
growth states. In a pure crop of redgram intercultivation between the lines will be done with
an implement called ‘Danti’ or ‘Blade harrow’. It is worked twice between rows to uproot the
weeds and to provide good milch to the crop. In an intercropping system, the plants grow very
slow till the main crop is removed, After the main crop is harvested, the land is ploughed or
worked with a harrow between redgram rows and then onwards the growth of redgram is very
guick and vigorous. Pre-emergence application of Lasso at the rate of 1.5litre a.i. ;’ha 18 effectlve
when it is grown as pure crop.

18.3;:10. Harvesting and Threshing

As soon as all the pods mature and start drying the crop should be harvested. If the crop is
allowed in the field for complete drying, the operations like preparation of the field and sowing
of wheat will be delayed. Hence the harvested crop,is removed from the field and kept at one
place in small bundles. When bundles are completely dried, threshing is done by beating with
sticks or trampled by bullocks.

The grains after cleaning generally disposed off as it is difficult to preserve the same. Gralns
requirea for personal use of the farmer are stored in earthern pots covered at the top with a
layer of sand or mixed with ash, red earth, neem leaves etc.

18.3.11. Yield

In a mixed crop the yields range from 500 to 600 kg/ha and in pure crop the yields range
from 1000 to 1500 kg/ha and under irrigated conditions the yicld may go upto 1500-1800 kg/ha
In rabi, the grain yields obtained were ranging from 2000- BOIKkg/ha

18.4. BENGALGRAM O

Y.,.

Gram seems to have originated from some W in South West Asia i.e., countries lying to
the North-West of India, Afganistan and Per t is said to be one of the oldest pulses known
and cultivated from ancient times both in Asia and in Europe. This pulsé is grown jn many
countries like Italy, Greece, Rumania, Russia, Egypt, North Africa, Rhodesia, East Africa, Iran
and Turkey and in Parts of Australia. In India, it is mainly grown in Uttar Pradesh, Himachal
Pradesh, Rajastan, Haryana and Madhya Pradesh. It is cultivated in India in 7.2 m.ha. with a
production of 5.1 m.t. Madhya Pradesh stands first both in area and Production foltowed by
Rajastan and Uttar Pradesh.

In Andhra Pradesh, gram'is_ grown in 48.7 thousand hectares and yield is 183 thousand
tonnes. Medak stands first in area followed by Kurnool and Nizamabad, while in production
Kurnoaol stands first followed by Medak and Guntur districts, '

18.4.1. Climatic Requirement

Gram is a winter crop in India and it is generally grown in dry tract. It is best svited to areas
having low to medium rainfall and a mild cold weather. Excessive rain soon after sowing or at
flowering causes heavy damage to the crop. Severe cold is injurious and is very harmful. Early
summer shortens the growing period, hastens maturity and reduces the yield.

18.4.2. Soils & Seasons

Clay soils are best suited. In Northern India, the crop is grown on light alluvial soils which
are rather poor for wheat. In Central and South India, it is cultivated in clayloams and black
cotton soils. Tt grows with the help of moisture stored in the retentive black cotton soils and of
the dews which are heavy in the months following the rainy season. :
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Normally grown during rabi season and suitable time for sowing is middle of October and
this helps in minimising the damage caused by gram wilt to the crop. Early sowing results in
excess vegetative growth, poor setting of pods and aiso damage caused by rains occurring late.

18.4.3. Land Freparation

There is a common saying that gram requires clodded and rough seed bed. This gives a
well drained and well aerated sphere for root growth which is essential for gram. Thoough
preparation of fand is necessary to make soil loose and well aerated. Two to three ploughings
followed by cross ploughing and working with biade harrow to break the ciods and fevel the
land provide necessary tilth. In low rainfali areas, deep ploughings in July and Auvgust help in
the removal of weeds and conservation: of meisture. Manures and fertzl:zers are applied before
the last ploughing and covered by working a cultivator.

18.4.4. Varieties

Some of the important varieties of Bengalgram, their Reracters and yield are given below.

SL Name of Duracon Yield Characters
No. variety {(/ha)
1 Jyoihi 116 days 15-18 The plant is semi-spreading with bold:

attractive seed and posses good cooling
guality having 3.3% more protein than
local. 1t is resistant to drought and wilt

discase
2. C-214 125-130 20-230 This variety has slightly bold seeds and
days bears a large number of pads per plant.
2?.. fts grain colour is attractive yeliow
Q_.’ brown. It is resistant to wili, frost and
drought and thus gives good vield in
% years of adverse climate conditions.
3 G-130 125-130 24-26 Recommended for cuttivation under ir-
days rigated conditions. It has erect growth

and upright leaves. Its grains are vei-
lowish brown. It branches profusely and
bears good number of pods.
4. JG-62 120-125 20-23 1t is a double podded variety. It has
days dark green foliage and erect plant type.
' Seed colour is light yellowish brown and
protein % is 19.2,
5. G-543 14-16 It passes high degree of resistance to
: gram blight and foot blight. Seeds are
brownish yellow in colour and contain
more ash percentage, thus giving palat-
able saltish taste to the cooked dishes.
This variety is highly.suitable for the hu-
mid and discase prone conditions.

18.4.5. Seeds and Sowing
(#) Seed rate: Tt ranges from 45 to 75 kg/ha depending upon the size, spacing and variety.
(b) Sowing: A heavy drill is used for sowing the seed. It is also sown in plough furrows
behind desi plough keeping row te row distance of 30 cm.
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(c) Seed-treatment: Seed treatment with an efficient sirain of Rhizobium spacific to the
crop enhances the grain yields between 20-30 per cent on an average.

(d) Spacing: Seed is placed 8-10 cm apart within the row and wiih an inter-row spacing of
3G cm.

18.4.6. Fertilizer requirement

In some parts of the country (Madhya Pradesh, Dethi and Maharastraj gram is not directly
manured but gets the benefit from the manurial and fertilizer residues of the preceediig crop
in double cropped lands. In loamy soils of Uttar Pradesh, Bihar, West Beagal, Gujarat and
black cotton soits of Andhra Pradesh, the crop receives compost of farmyard manure at the
rate of 12-15 tonnessha. Response of gram to nitrogen is not encour: Ting. However, it was
emphasized that there is & need.for 10~15 kg N/ha as a starter dose to gram. With the use
of 40-50 kg P»Osfha, increase in yield has been recorded in Chickpea. In places where soil
is deficient in potash, additional supply of Potash may be given through the use of muriate of
potash at the rate of 30-40 kg/ha. in case of P;0g and KO deep placement at 12- 15 cm depth
in band is recommended. Work on Rhizobium in the all India Co-ordinated Pulse Improvement
Project indicated that in Chickpea where there was significant increase in yield due to Rhizobium
inoculation has also been obtained. Simifarly, no response was noted due to Rhizobium where
N application afso did not improve the yield,

18.4.7. Retations and Mixiures

Gram when grown as pure crop, it is rotated with jowar, bajra, wheat, coriander. cofton and
occasionatly rice. Gram is grown after rice in wet {ands.

Gram is grown either alone or mixed with wheat, barig ,\gsced, safflower or mustard, In
mixed crops, gram does well when rainfall is low while crops fare better when rainfall is
more. When gram is taken along with wheat, a seed r%«having 2/3 wheat and 1/3 gram seems

to be economical.

-Gram is generally grown as a dry crop, however, re-sowing irrigation ensures good germination
and better establisiment of the ¢rop. Cne light drrigation in the middle of Secermber or at
secondary branching stage helps the crop growth and reduces plant mortality from wilt. Second
irrigation, if necessary, should be given at pod-filling stage. Care sheuld be taken to Irrigate
lightly and avoid water stagnation.

18.4.8. Irrigation

18.4.9. WWeed Control

The crop is generally not weeded since it is supposed to be highly competitive and suppresses
the weed growth. However, weed control in early stages either mechanically or chemically was
found to increase the yields.

18.4.10. Haivesting, Threshing & Vicld

~In about 3-31/2 months the crop matures an¢ goad portion of the ieaves become redddish
brown and dry and shed on the field, Harvesting is done usually In momings 10 prevent the
pods from dehiscing and shattering the seeds, planis are cut hy sickle ciose to the ground or
pulled out. The plants are dried and cattle threshed. The threshing 13 atss done by beating the
plants with sticks.

The average aram yicld under rainfed conditions ranges from800- 1000 kg/ha, Under ideal
conditions. the yield may go upto 1800- 2000 kg/ha
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18.5. IMPORTANT PESTS AND DISEASES ON RED GRAM AND

BENGAL GRAM

18.5.1. Pests of Redgram & Bengalgram

1. Pod borer (Heliothis armigera)

Symptoms: This attacks both red gram and Bengal gram. At the time of feeding it thrusts its
head inside the pod leaving the rest of its body outside. The larvae feeds on the tender foliage
and as they grow, they bore into the pods and feed on the seed contents.

Control: Spray of Endosulfan (1.75 ml/litre) or Fenvalerate (0.5 mllitre) or DDT-50 WP
(3g/litre).

2. Plume moth {Exelastis atomosa)

Syinptoms: The larvae bores into the pods and feeds on seed. It also feeds on flower buds at
flowering and cause heavy damage to flowers.

 Control: (a) Collecting and destroying the larvae, (b) Spray Thiodan (1.78 miditre) or carbaryl

(2.5 gllitre).

L 3
3. Pod fly (Melanagromyz obtusa)

Symptoms: The maggot bore into the pods and feed on the seeds. The larvae first enter the
pod by boring through epidermis into the seed without rupturing the seed coat. Then larvae
bores into cotyledons and feed. '

Control: (a) Spray Endosulfan (1.75 ml/@r Carbaryl (2 5 g/lit), (b) Advance the sowing time
in endemic areas, x?\

4. Spotted pod borer (Mary a@s!ufaﬁs)

Symptoms: The larvae webs together the flower buds and feed on them. They bore into pods
and feeds on the seeds.

Control: Spray Thiodan (1.75 ml/lit) or carbaryl (2.5 g/lit).

5. Etiella pod borer (Etiella zinckenella) _
Symptoms: The larvae feed on the floral parts and newly formed pods and seeds.
Control: (a) Spray Thiodan (1.75 ml/it) or carbaryl (2.5 g/lit).

8. Green plant bug (Nezara virudula)

Symptoms: The nymphs and adults suck the sap from the. plants and leave the plants pale.

The sucking of sap from the green pods results in the loss of weight.
Control: (2) Spray Thiodan (1.75 ml/lit) or Carbaryl (2.5 g/lit).

18.5.2. Diseases of Redgram
1. Powdery mildew (Leveillnla taurica)

Symptoms: The fungus attacks the leaves on both the surfaces. The symptoms are characterised
by powdery whitish growth on both surfaces. In serious cases of infection premature defoliation

" is also noticed.
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Control: (a) Sulphur dusting at the rate of 10-12 kg/acre.



- 2, Leaf sﬁot (Cercospora indica)

‘Symptoms: Small brown spots are developed on the under surface of the leaf. The lesions
enlarge to become angular and -are bound by veins. The infection may lead to premature
defoliation. ' :

'Control:-(a) Spray Dithane M-45 (2.5 glit) or Bavistin (1 glitre).

_'3. Wilt (Fusarium odum) |

Symptoms: The characteristic symptom of the disease is the wilting of seedlings and adult
plants as though they are under going drought stress even when the soil is with plenty of moisture.
The leaves of the infected plants turn yellow prematurely and the foliage droops followed by wilt.

. The earliest branches which wilt'earl'y arise from the discolored parts of the stem.

. Control: (3) Incorpbration of heavy dases of green manure in between the rows reduces the
soil borne population of the fungus.(b) Long crop rotation. (¢) Growing resistant varieties like
. NP 15 and NP 38. : - ' . : :

18.5.3. Diseases of Bengal gram

1. Foot rot. (Operculella pacjwf_ckﬂ) \ _ _

Symptoms: Water soaked lesions are developed on leaves initially which later develop into
_ roundish spots, with brown margin and grey centre, The stem infection may lead to girdling and

eventual death of the plants. In some cases the tesions may coalesce and result in the blighting
of leaves. ' :

Control: (a) Field sanitation, (b) Crop rotation. _ 0
" 2. Blight (Ascochyta rabiei) : O ’
Symptoms: Water soaked lesions are developed c%}l;c
roundish spots, with brown margin and grey cer?% e stem and pods may also be affected.
The stem infection may lead to girdling and gyemtual death of the plants. In some cases the
lesions may coalesce and result in the blightin§af leaves. . :

aves initially which later develop into

Control: (a) Seed treatment with Thiram or Ceresan at the rate of 3 g/kg of seed. (b)
Incorporation of green manure. : ' '

3, Wilt (Fusarium orthoeeros)

Symptoms: The initial symptoms in the field is wilting and drooping of the plants followed by
death. The leaves may become yellow and drop prematurely. : ' . '

Contral: Incorporation of green manure and other organic manures.
4. Rust (Uromyces ciceris - arietinii)

Symptoms: The fungus initially produces small oval brown powdary lesions on both surfaces
of leaves. With the advancement of diseases the lower surface may be completely covered with
rust pustules, : : : - ' :

.Control: (a) Sulphur dusting at the rate of 10-12 kg/acre.

Check Your Progress - 3, 4 and 5

3. The Scientific name of spotted pod borer is
-4. Wit of Redgram is caused by
5. Bengalgram blight is caused by

Note: (a) Write your answers in the spaces given above.
_(b) Compare your answers with those given at the end.
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18.5. SUMMARY

About 90% of the world redgram is produced in India. Redgram is extensively used as ‘dhall’
and it adds protein in the diet of South Indian people. In India, Maharastra stands first in area, .
while Uttar Pradesh stands first n production. Pigeonpea is a tropical crop and one of the most
important heat and drought resistant pulse crops. Though it can be grown on all types of soils,
well drained alluvial and foamy scils are best suited for it. Rabi redgram requires close spacing
and double the seed rate as it undergoes agronomic dwarfing. Redgram varieties suitable for
Kharif are : ICPL-1-6, Hy-3A, Hy-3C, PDM-1, Hy-1, Hy-2 etc. Redgram varieties suitable for
rabi season are C-11 and LRG-30. It is rarely grown as pure crop and forms a companion crop
to cereals in inter cropping systems. Seed rate for pure crop in Kharif is 15 kg/ha but for mixed
crop the seed rate depends on the proportion of this crop. General spacing is 60-75 x 20-30
em. Optimum fertilizer requirement is 25 kg N -+ 60 kg P>05 + 25 kg K50O/ha and should be
applied before sowing. Yield ranges are Mixed crop : 500 - 600 kg/ha; Inter crop : 860 - 1000
kg/ha; Kharif pure crop : 1500 - 2500 kg/ha; Rabi Redgram : 1500 - 2000 kg/ha, The important
pests are pod borer, plume moth and pod fly.

Bengal gram occupies 34% of the area and accounts for 46% production of alt pulses grown
in India. Gerniinated seeds of Bengal gram are recommended to cure "Scurvy” and Malic and
Oxalic acids collected from green leaves are used for intestinal disorders. In India, Madhya

“Pradesh stands first both in area and produstion of Bengal gram. Gram is a winter crop but
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severe cold is injurious and very harmful. This crop grows with the help of residual soil moisture
and hence moisture retentive black cotton sojls are best suited. The most suitable variety for
Andhra Pradesh is "Jyothi”. Seed rate rangesdtym 45 to 75 kg/ha and sowing is done by drilling
keeping row to row distance of 30 cm. Feg:}zer requirement is 10-15 kg N 4 40-45 kg P>0s +
30-40 kg K;O/ha. Fertilizers should b@% ied in bands before sowing. Gram js grown either
alone or intercropped with wheat, barldg linseed, safflower or mustard. The average grain yield
under rainfed conditions ranges fi 00- 1000 kg/ha. Under ideal conditions the vield ranges
from 180C- 2000 kg/ha. The in@tant pest is pod borer and discase is wilt.

18.7. CHECK YOUR PROGRESS : MODEL ANSWERS

Madhya Pradesh is the highest Redgram producing state in Andhra Pradesh.
Afganisthan and Persia
Marvca testularis

Fusariuin odum

?os W=

Ascochyta rabici

18.8. MODEL EXAMINATION QUESTIONS

L. Answer the following questions in abeut 30 lines each,
1. Write in detail the cultivation aspects of redgram crop. '
2. Write in detail the ‘Package practices’ for bengal gram crop.

3. Briefly discuss about the important pests and damage caused by them in redgram and
bengalgram crops and their control measures,

4. Write in detail about the diseases of redgram and bengalgram and their control measures,



II. Answer the following questions in about 10 lines each.
1. Write about the economic im'pbrtance of redgram and bengalgram.
" 2. Write about the seasons for Redgram crop.

3, Wiite about seed rate, spacing and fertilizer requirement for redgram and bengalgram
Crops.

4, Write briefly about the water management for redgram and bengalgram crops.

5. Write briefly about the varieties of redgram.
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19.1. OBJECTIVES
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After going through this unit you will be able to :
1. descgibe the climatic and soil requirements for sttgarcane,
2. list out the early maturing, midseason maturing and late maturing varieties, -

3. explain the planting season, preparation of seed canes, types of seed material, seed treatmenz,
seed rate, spacmg and methods of planting.



4. list out the manures and fertilizers required for sugarcane at different perior's and describe
the method of application,

5. describe the different methods of inter-culture practices,
describe the method of harvesting and the process of jaggery making,

7. list out the important pests and diseases of sugarcane and describe the symptoms caused by
them and suggest the control measures.

19.2. INTRODUCTION

Sugarcane is one of the most important commercial crops of India. It is being cultivated
since ancient times and it is the main source of sugar in the world, as it js contributing nearly
60% against 40% by sugarbeet. The average per capitaconsumption of sugar in the developed
countries, US.A., UK, US.S.R. and Japan is 45 kg or more, while it is 15 kg including jaggery
in India. :

It is believed that it has been originated from India. Out of 74 countries that are growing
these crop, India, Brazil, Cuba, U.S.A,, Indonesia, U.S.S.R,, Japan dnd Taiwan are important. In
India it is being cultivated in all the states except in Jammu and Kashmir. The area under this
crop in India is 3.36 million hectares with a total production of 189.1 million tonnes of cane.
Andhra Pradesh stands 6th in area 3rd in production, while Uttar Pradesh stands first both in
area and production. The highest average cane yield is obtained in Karnataka, with very low
yield in Uttar Pradesh. Next to the textile industries in India sugarcane factories are providing
gainful employment to a large number of people. 0 L

- O
19.3. SOILS o

Sugarcane is grown under varied soil congdiiohs. Major sugarcane growing soil groups are
alluvial, black and red soils. In Indo- Ganglf;%p!ains, it is cultivated on loam and clay loam
-soils, while in South India it is grown on brown, reddish loams, laterites and black cotton soils.
The red soils are not .very deep, generally sandy loam to loam in texture. The most common
types are alluvial or clay soils. Well drained loamy soils are suitable, The black soils of delta
areas of Andhra Pradesh crack deep in summer, causing lodging: Soils with pH range of 7.5-8.0
are most suitable for high yieids. High level lands without water stagnation even in monsoon
‘months are ideal. In alkaline soils (pH 8.0), the growth and tillering will be poor than in neutral
soils, but better than in acid soils. In alkatine soils the quality of juice is poor.

19.4. CLIMATIC REQUIREMENT

Sugarcane is considered essentially a tropical plant, but it is also grown under sub-tropical
climate. Temperature, light and moisture are the principal climatic factors that control crop
growth, Temperatures above 50°C arrests its growth and below 20°C slow, down the growth
markedly. The crop will not be able to withstand severe frost conditions. The crop grows well in

the tropical regions receiving a rainfall of more than 750 mm. For ripening it needs a cool dry -

season but prolonged at ripening period affects the quality of juice. Warm and moist conditions
at ripening period, are not congenial. It is not advisable to grow, crop where 'typhoons and
hurricanes are expected as they cause crop lodging.

Abundant tight promotes tillering. Plants that grow in full sunlight have thicker and shorter
stalks, greener and broader leaves and a higher percent of sucrose. In coastal area of Andhra
Pradesh rapid growth was observed from June-October due to congenial temperatures and high
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humidity. In North India, the grand growth period is comparatively shorter due to prolongad

winter resulting in low cane yields. Since the temperature in coastal districts are not very low, the . .

quality of cane (Sucrose %, % Purity) is not as good as in the districts of Nizamabad, Chiiteor |
and Anantapur, where the temperatures are congenial. Rainfali increases the relative humidity
in atmosphere which helps in increased cane 'growth. :

195. VARIETIES

In a given climatic conditions varicty plays the key role in respect of cane yield or sugar
production because of its genetic potentiality. There are varieties that suit diiferent kinds of
soil and other environmental conditions.. The response of varieties to adverse or favourable -
conditions varies with their genetic composition.

Varieties have been grouped for the purpose of their cultivation with reference to their time
of maturity or juice sucrose content at a particuiar period of harvest. The various groups are as
follows:

1951, E.arly Maturing Varieties (10 months)

Thesg varieties have not less than 16% juice sucrose with 85% purity at the age of about 10
months.in Npvember or December. The yield potential is 100-106 ton’s/ha. The early maturity
varieties are;(i) CO-A-7701, (i) CO-7508, (iif) CO-6907, (iv) CO-A-8201, (v) CO-T-8201, (vi)
CO-C-671, (vii) CO-997, and (viii} CO-A- 711 : '

N

19.52. Mid-Season Maturing Vaes {(11-12 months)

These.varieties have about 18% jl%é sucrose with 5% purity at the age of about 11-12
months in the period January-Ma ¢ yield potential is 120 t/ha. The mid season maturing
varicties are- (i) CO-975, (iii) C% 602, (iil) CO-62175, (iv) CO-6304, and (v} CO-7602.

19.53. Late maturing varieties

There varieties have not less than 14% juice sucrose with 85% purity at the age of about 13
months or above during March or later on. The yield potential is 342 ¢/ha. The late maturing
varieties are (i) CO-22175, (111} CO-719 and (iii) CO-419.

Early maturing varicties can serve for opening of cane mills in any sugar factory. The

. sugar recovery in these varieties are least affected by seasonal varieties in different years. Early

maturing varieties are generally poor in cane yield than mid- season and late varieties. However,
the sugar yield per unit area and time was higher in early maturing varieties.

-Sugarcane is generaliy planted throughout India from January- March. In Andhra Pradesh,
the optiroum date of planting is the 3rd week of January.

19.54. Adsali Crop

- In Maharastra and parts of Nizamabad district in Andhra Pradesh adsali crop is grown. The
varieties that are planted will be kept in the field for 18 months or more and normally this crop
is planted from June to September in an year. Planting has to be taken up as early as possible in
fields that are liable for water stagnation during monsoon season. Yariety CO-R-8001 released
from Rudrur was found to bé promising for growing as an adsali ¢crop as this variety was found
3 zon an visid about 160 {ons per hectare.



Check Your Progress - 1.

Give three sxamples of late maturing varieties of sugarcane.
Note :{a} Write the answers in the space given below.
{6} Compare your answer with the one given at the end. E

...................................................................................

19.6. PREFARATORY CULTIVATION

Crop requires fine tilth. Plonghing with country or iron plough is common for preparing
the land and also breaking of clods and pulverisation of soil.- Tractor: ploughing in some parts
have become common. After field preparation, furrows are formed for planting cane.. In East
and West Godavari districts cane is planted on the ﬂat bcds and subsequentiy shal!ow channels
 are made adjacent to the cane rows, :

In some places trenches of 20 cm deep and 40 cm wide made at 60 cm apart are madc
for planting sugarcane. The cane yields are higher in trench plantmg than planted in shallow
furrows. These trenches are prepared with human labour or nsing a tractor drawn implement,
namely Kidge Mar, Trenches are made directly w1thout any initial prepdratlon of the land. The
advantages of trench planting are as follows: :

1. Cest of cultivation is less _ o | 0 .
2. Pulverisation is done simultaneously . | Q . |
3. High meisture can be maintained o . &?x

4. Shoot borer attack is less B Q"*

5. Higher yiéld's can be obtained _ % _ |

6. Ratoon crop yields are better.

It is not desirable to make deep trenchcs in sahne soils, alkaline smls and also in shallow
soils. presence of higher salt concentration in saline soils and murram in shallow soﬂs at lower
fayers are detrimental to germination of buds.

In soils, where hard pans or impermeable horizons exlst in the subsoil, it is necessary to
distnrb thesc iayers to encourage deep rooting. In regular soils of Nizamabad district of Andhra
Pradesh, deep ploughing upto 40 ¢m is done to break hard pans in sub-soil. ' :

19.7. SUGARCANE PLANTING

Sugarcane is a vegetatively propagated crop. Young canes usually 6-9 months age is generally
selected for seed. The whole cane can be used for seed purpose, because the buds on the
immature portion germinate better than those on the mature part of a cane. In case of old
(mature) canes only the top portjon of the cane is used for seed because of higher percentage
of germination, and the sugar content in the top. portion was also less. Therefare, when top
portions from matuse cane are used for planting, less sugar is wasted than when bottom (lower)
portions of the cane material. In the matured cane, the lower buds (eyes) on the stem will
become hardensd because of long exposure to environmient, and the older leaves situated on
the lower nodes are likely to dry up resulting in exposure of buds and are likely to be desiciated.
The buds on the mature cane take longer time to germinate because of high stigar content.
Ratoon crop showid net be used for seed purpose becanse there is danger that cane may carry the
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diseases of previous crop. So healthy seed material free from diseases and having high viability
is required for raising a good crop.

19.7.1. Planting season

Sugarcane requires about 60°-100°F temperature for good germination. On this hasis, first
fortnight of March is the best time for cane planting in Punjab, February-March in Uttar Pradesh,

.and Janurary-February in Bihar. In Tamilnadu and Andhra Pradesh, Maharastra and Karnataka

cane planting can be done between December to February.

19.7.2. Preparation of Seed Canes

This includes stripping of the leaves, If the seed canes are to be carried to long distances,
leaves should not be removed. During transportation, cane bundles should be covered with a
thick layer of paddy straw or sugarcane trash moistened with water. If planting is delayed by any
reason, the harvested canes should be heaped under shade be heaped under shade and covered
with moist cane trash or paddy straw. There after, water should be sprinkled perjodically to keep
the cane fresh. In North India, before planting, setts are:kept in water for 8-10 hours which
improves greatly the germination.

19.73. Types of seed material

Budded setts; The top 1/3 portion of the cane at harvest is taken and cut into 3 budded
setts. In areas, where irrigation is uncertain, planting of mature cane setts, with sound buds is
desirablé, as they resist drought better. Three budded setts are most commonly used throughout
the country. Two budded setts are planted\imyPunjab and in some parts-of Andhra Pradesh.

Studies indicated no significant variationgane yields due to number of buds for each set. The .
number of buds on each set range fro§‘ Or more.
O

Short nufsery crop: Six to s@ nth aged cane provide immature seed setts. By raising
nursery, it is possible to eliminge iseases or pests.

Spaced transplant metho I This is one of the methods used to develop seedlings from
single budded setts. Single budded-setts are prepared by cutting at the centre of the internodal
portion. Raised beds are prepared with dimension of 35-40 ¢m width and about 6 metres length,
Channels of 30 cm wide are prepared between beds and irrigated. Setts are planted erect on

beds at finger width distance between two set's (450-550 buds per square yard), Mulching is

necessary. The buds sprout and develop shoots and the nursery will be ready for planting within
4-5 weeks, Twenty square metres of nursery is needed to plant a hectare.

Sprouting or setland method; Setts are planted shallow with wide spacing in heavily manured
well drained soil. Frequent irrigations are given to promote profuse tillering. Soon after
developing root system at nodes they are separated by cutting the cane at internode and planted
separately. -

Bud chip method: Buds from entire stalk is removed along with a portion of the cane by

‘using small machine evolved and perfected at the workshop of Andhra Sugars. These bud chips
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are planted directly in-the main field or can be transplanted after raising the nursery. Half of
the bud should be buried in the soil. The buds can also be sown in a nursery leaving 1 meter
between the rows. Nitrogen is applied 4 weeks after sprouting at the rate of 25 to 40 kg N/ha
and the seedlings will be ready for planting in 5-6 weeks. The advantages of this method are:

1. Seed material can be treated better,
2. Saving in cost of seed material.

3. After removing buds the seed cane can be used for milling.



19.74.. Seed Treatment

* ' To'prevent the setts from fungal diseases, they should be dipped in 0.25 per cent Agallol
or 1 kg of parenox dissolved in 400 litres of water. Where termites are a problem, one kg of
gamma- BI:IC- in emulsion form dilutgd-in' 300 litres of water may be sprayed over the cut setts.

Treatment of setts in hot water at 52°C for half an hour is a standard practice in Vuyyuru
_ ‘(Krishna district). Hot water treatment keeps grassy shoot, ratoon stunting (Virus diseases) and
smut diseases under check, if not completely-eliminate them. - R

19.7.5. Seed Rate & Spacing

Based on the row spacing and the soundness of the buds 25,000- 30,000, three budded setts
are required to plant one hectate area. By weight 1500-3000 kg of cane depending on thickness
is required/ha of land. The seed rate for bud chips is €.75 t/ha. If planting is delayed, seed rate
should be increased and row spacing should be made closer to accommodate mote number of
setts per unit area. C : K

" Field trials reveated that planting setts at a distance of 80-100 cm between rows and 45_—60.
- ¢m within the row was best to obtain optimum cane yield. ' T

19.7.6. Methods of planting _
‘Sugarcane setts should not be planted: _ndt more than 5 cm depth. There are three methods
of sugarcane planting in India (1) Flat planing (2) Furrow planting and (3) Trench planting.

Flat Planting:After thorough preparation of the field, 8-10 cm deep furrows are opened by
country plough at 75-90 cm apart. The setts are planted end ﬁnd and covered with 4 to 5 cm,
“of soil. Thereafter field is levelled up with a beam. _Irrigat%‘g; ven by border strip or by basin

method. © o . | |

_ Furrow plaﬁting: Furrows are made with ridg a&ﬁt 15-20 cm'deep. Setts are placed end
to end and covered to a depth of 4-5 cm with soil. ‘Riereafter, water is let into furrows. In some
places first water is let into the furrows to-soa furrow bed and cane setts are placed in the

furrows and pressed into the mud 3-4 cm below by foot. In monsoon planting, as a precaution
- against the stagnant water in the furrows damaging the beds, setts are placed inclined (stant) on
the side of furrows. '

Trench planting: Trén;hgs are dug 20-25 cm deep, 40 cm wide with 60 cm apart by manual
labour by a tractor drawn ridger. Water is then let into the trenches. Cane setts are planted end
to end and pressed by feet to 3-4 cm deep into the mud,

19.8. GAP FILLING

- Gap filling should be done as early as possibie 'an'd' not later than 30 days after planting,

199. MANURES AND FERTILIZERS

. Sugarcane is a heavy feeder. A seventy tonnes crop _remov;es from the soil 85 to 110 kg of
nitrogen, 186 to 330 kg of phosphoric acid, 60 to 190 kg of potash and 70 to 80 kg of calcium.
‘Adequate manuring is therefore essential for, sustained high yieids. L
Bulky -6fganic mhnufés like Farm yard manﬁre o.r compost at 25 t/ha has to be a-ppliéd- in
the furrows about 4 to 6 weeks prior to planting cane. If no bulky organic manure is available,
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green manure crops like sunnemp or Sesbania speciosa may be raised on the ridges between -
furrows. The seed (Sunnhemp 15 kg/ha or Sesbania speciosa 10 kg/ha) has to be sown at the
time of planting of sugarcane itself. After 50 to 60 days, depending on the rate of growth of
green manure crop, the plants may be pulled out, spread between furrows and covered with soil. .
The incorporation of intercropped legumes could save the fertilizers to the extent of 20 to 25%.

The damage of nitrogen recommended for various tracts in Andhra Pr_adesh'é_re' as follows:

1. Coastal districts . - Rate of N application

Srikakulam and Visakhapatnam 112 kg N/ha

East, West Godavari and Krishna 168 kg N/ha

IL Rayalaseema region = - 224 kg N/ha
I11. Telangana region : o '
Nizamabad district - - Eksali crop 250 kg N/ha
Nizamabad district ~ Adsali crop 400 kg Nfa
Medak district - Eksali crop 112 kg N/ha

The application of phosphate and potash can be made normally at the rat of 125 kg each
per hectare. . _

In some areas of Chittoor, East and WestGodavari and Nizamabad districts deficiency
symptoms of iron are noticed. Spraying of 2% FeSC4 solution at the rate of 5 kg/ha twice is
recommended to correct the deficiency. In Medak district manganese deficic_ncy was observed.

This can be corrected by foliar application of 6-25 kg Mn SO4/ha.

18.91. Time of Fertilizer Application

In coastal and Rayalaseema districts, thaertilizcr N has to be applied at 45 and 90 days
after planting in two equal splits. In Te gana districts the fertilizer for Eksali crop is to be
applied in two equal instalments at @,and 1150 days after planting. Application of a part of
the fertilizer before 45 days when r%ﬁon facilities are uncertain strengthens the root system -
and enables the plant to tap m isgé’even from the fower depth of the soil. The entire dose of
phosphorus and potash fertili have to be given as basal dressing at the time of planting the
setts. ' ' : '

1992, Method of Application
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Placement of N, P and K was found to be more efficient. Significant differences were not
observed between different forms of nitrogen, and foliat spray on crop yield.

19,16. INTERCULTURE

Effective cultural practices carried out at proper time helps in keeping the field clean but
also encourages healthy growth which is favourable for optimum production. proper coverage of
setts in the soil is desirable. The scts exposed to the sun have to be pressed down in the moist
soil immediately the next day after planting.

19.10.1. Hoeing

There is a practice of hoeing the newly planted soils in coastal districts when the soil moisture
is optimum, This is known as blind hoeing because setts should have not germinated by this
time. This is desirable in areas where water supply is scarce and where the soil is likely to encrust
which prevents easy sprouting of sugarcane setts, Generally 2 to 3 hoeings have to be given to
the crop during the early stages. By this method not only the soil is loosened but also the weeds
are controlled. : . L



19.10.2. Earthing Up

Earthing up is done before the start of the monsoon to prcvent the Iodgmg to the cane.

- 19.103. Mulchmg

Covering the soil with trash (sugarcane Ieaf trash or any other trash material) is practiced
in some areas for conservation of soil moisture as also to-suppress the weeds, especially in the
very early stages of crop after planting. Application of about 3 tons of trash!ha on the next day
-after plantmg proved to be beneficial. .

19._10.4. Weed Control

Weeds reduce cane yield and also in some cases the juice quality. It is impossible to keep the
field weed free for entire season, as it is neither economical nor feasible. The first three months
after planting is considered as critical period -for weed control. -Se, controlling of weeds either
by hoeing, or by intercultivation by implements or by using herbicides seems to be essential.
In addition, some of the. cultural practlces like trash mulchmg, earthmg up practlces will also
control the wccd growth - . _

Normally first wcedlng cum hoemg is’ carrled out. w1th1n 1(} clays after plantmg -After
gerrnmatlon weeding cum hocmg should be-done after each irrigation. Thus 2 to 3 hoeing
cum weedings are carried out within first 3 months. after planting. Due to high cost and
non-availability of labour in time excess soil moisture or too dry a soil condition might not
permit hoeing or intercultural operation in time. In such cases the chemical weed control can
be practised. Herbicides (chemicals used for weed controIMe app[red at different periods
of crop growth depending on the convenience. of the farme ey are effective in suppressing
the growth of weeds for.a perlod of 6 to 12 wccks demg upon the type of herbicide and

| dosdge. . BN ol

Herbicide's rec_cimmcnded‘ T . % IR
“Time of application .~ -~ . Herbicide - Dose
' : : kg a.i./ha
'l',Pr_e-pl.antin'g  incorporation Simazine 0510
{Incorporating the chemical in the soil Atrazme +2.4- D 0.25-1.0
before the cane is planted) - o . :
2. Pre-emergence application (applica- Simazine, = 12
tion of chemical after planting but be- Atrazine
fore emergence of cane plant. Usually
applied two to three days after planting) _
3. Early post emergence application Paraquat _ . 0510
(Applied after emergence of cane plants Piquat 0.5-1.0
_but before 30 days of sowing/planting) '
4, Post emergence application (Twicea . 2,4-D - 1.0
30 and 60 days after planting) Glyphosate =~~~ 3-4

" The common weeds infesting sugarcane fields are Sorghum haleoense (Johnson grass),
Cynodon dactylon (Burmuda grass), Cyperus rotundus (nut grass), Ipomoea asiatica (Morning
glory). The important parasitic weeds are Stnga spp. (Wlfchweed) and Aegmt:a mdrca
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19.10.5. Wrapping

Thisis the process of twisting the bottom leaves round the cane stem, so that cane is completely
covered. This ensures clean cultivation, protection of the stem from direct exposuze to the sun
which prevents the splitting of cane. During the crop perlod 5-7 wrappings are generally given,

19.10. 6. Propplng

The cane is supported by bamboos to prevent the plant from lodging due to heavy wmds or
when the soil is too wet. Lodging may cause yield losses to the extent of 25%. As the cost of
bamboos has increased tremendously, the farmers are adopting either trench method of plantmg
or trash twrst propping, .

19.10.7. Trash Twrst Propping

The trash twist methocl of propping will reduce the cost of bamboos and keep the cane in
erect posmon . . :

In thls process two or three canes from the adj acent rows are involved. Some dry and green
leaves are twisted and spun in the form of a rope at a height of 150 cm. Two or three cIumps
are involved in the loop. Another tier is formed after 100cm of further growth of cr0p Thus

-2-3 tlers are ‘formed dependmg upon the growth. -

' 19 11 IRRIGATION

‘The total water requirement for sugar; lﬁ)arics from 200-300cm depending upon the soil
type, rainfalt distribution, weather condi'is,' vdriety grown, method of planting and rate of
manuring. The frequency of irrigation ends on the stage of development of the cane. The
formative stage is the most critical s for as irrigation is concerned. Irrigation water applied
at 25% depletion of available soj ture (6-7 days interval) after planting and during tillering is
beneficial in ensuring uniform e gencc and an optimal number of tillers per unit area. During
grand growth period, the crop has to be irfigated at 50% depletion of available soil moisture. As
the cane approaches maturity, irrigations have to be restricted to reduce the rate of vegetative
growth and dehydration of the cane, to force the conversion of reducing sugars to sucrose. At
maturity phase (last 3 months of a 12 month crop) 1rr1gat10ns have to be given at 75% depletron
of available mmsture

For sugarcane furrow method of irrigation was ideal. In some areas of North India, the
crop is irrigated by flooding the fields. '

The quality of water also affects the yield. Sodium salts, if pre"sent in irrigé'tlon water adversely
affects the physical condition of the soil and ultimetely the productivity. Irrigation water having
E.C. (electrlcal conductivity) of more than 2mm mhos/cm are not suitable for Taising sugarcane.

19.12, DRAINA‘GE

Provision of drainage is as important _aS that of irrigation, other wise water stagnation impairs
root function and consequently cane yields are lowered. The keeping quality of jaggery from such
crops was fourid to be inferior to that from normal crops. In areas where drainage is a problem,

‘cane plantlng should be done at the earliest {on or before 15th February). Younger crops suffer
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more than alder ones. Variety CO-975 was found to withstand poor drainage condition fotlowed
by CO-419. Drainage channels of 45 cm deep, 60 cm wide and 24 meters apart have to be
provided -at the time of field preparation itself for draining excess water.



19.13. RIPENING

The maturity of the cane is judged by, the lower leaves gradually withering up, leaving
progressively fewer green leaves at the top. A ripe cane cut across with a sharp knife shows
against sunlight a slight sparkling appearance in its flesh in contrast to the more watering cut
surface of an unripe cane. The farmers judge the ripeness of the cane, if good hard jaggery is
made without difficulty. Ripeness can also be tested with hand refractometer, Few drops of
juice collected from the middle of the cane is placed on the refractometer and if the brix reading
is 20 or more, the cane is considered to have reached maturity. ' o

19,14, HARVESTING & YIELD

Stalks are cut at ground level by marmual labour. Then the leaves are stripped off and the
stalks are cut at the top of most mature internodes where the stalk can break easily. The sagar
recovery is in the range of 8-10%. B

Generally the yields in South India.are higher than in North India because of favourablc'
growing conditions besides sugarcane is grown under assured irrigated conditions; where several
suitable varieties were developed. In North India most of the area is under rainfed conditions.

19.15. JAGGERY MAKING - 0

" About 50-55% of the total cane produced is co_nve@ed into jaggery in India. Andhra Pradesh
about 60% of the total cane produced is made jaggery. The juice extracted from cane
by crushing is slightly acidic in nature and s collodes. For reducing the acidity and

floceulating the collpids, filtered lime sucrateM(1:5 lime water) is added. Then the juice is
subjected to boiling. The temperature of the juice by boiling has to be increased gradually so
that flocculated colloids will be removed before suice started boiling. At the temperatures of
118 to 124°C the juice has to be cooled and poured into moulds before it solidifies.

Check Your Progress - 2

i What do you do for reducing the acdity in the sugarcane juice during jaggery making? :
Note : (a) Write the answer in the space given below.

- (b) Comp'aré your answer with the-one given at the end.

...................................................................................

..................................................................................

19.16 INTERCROPPING

Blackgram, Groundnut, Bhendi etc can be sown as intercrops at the time of sugarcane planting
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19.17. RATOON CANE MANAGEMENT

Reduction in cost of production and early maturity are the important advantages of ratooning,
In general, more than one ratooning is not recommended. "Another advantage in ratooning
is that under limited irrigation facilities fresh planting is difficult and requires more irrigation
water.

After harvest of the crop, for raising a ratoon c¢rop, the trash is burned and the stubble
should be given an irrigation. Therefore, interrows should be ploughed to a depth of 12-15

cm for loosening the soil to enabie formation of fresh roots and tillers. Gap filling and early”

manuring is due for better yields. Ratoon crop need 112 kg N/ha more than plant crops to give
similar cane yieids at those of plant Crops.

i9.18. CROP LOGGING

Crop logging is that.%eriodical study made during the life cycle of the crop in order to get

an insight into the relative effects of different factors on the ultimate crop performance. Among

- several factors tested plant moisture as reflected by moisture iy leaf sheaths (3-6) during the

first four months (formative phase) after planting appear to exert the most dominating influence

on cane yields. For realising higher cane yields, moisture (3-6) in the formative phase should be

mainfained at or above 85%. This can be achieved by providing irrigations at weekly’ intervals

and completion of the recommended level of nitrogen fertilizer within 3 months after planting.

Phosphorus content of 0.08% and potash copfept of 1.99% in 3-6 leaf sheaths (on sugar free
dry aveight basis) are found io be optimurz,_t(; alising satisfactory cane yields.

19.19. IMPORTANT PEST %%_DISEASES ON SUGARCANE
. . N\ '
A. Pests ' %

1. Early shoot borer (Chilo infuscatellus)

Symptoms: The larvae enter the stem just above the ground leve! by making a hole and feeds
on central whotd and as a result the central shoot wilts and dries out. This type of damage is
calied ‘dead heart’. The affected whorl can be casily pulled out and it emits foul smeil.

Control:(a) Destruction of egg masses, (b) Trash mulching helps in reduction of pest, (c) Planting

© the crop in deep trenches reduces infestation, (d) Early planting in November December reduces
infestation, (e) Spray Endosulfan (1.75 mlfitre) or apply Endosulfan granules or Sevidol at the
rate of 1.5 kg ai/ha

2. Top shoot borer {Tryporyza nivella)

Symptoms: The larvae first bares into the midribs of leaves leaving red markings on the second
to fifth leaves. F'rom the midrib it makes a hoie into cghtral core of leaves and enters the shoot.
it feeds on the growing points which eventually results in ‘dead heart’, The dead heart in this
case can not be easily pulled out.

Controk:(4) Collection and destruction of egg masses, {b) Spray Endosulfan at the rate of 1.75
mifitre, (c) Release of cither egg parasite Trichogramma minutum or Isetima Jav.cnsxs, larval
parasite.

3. Stem borer or Internode borer (Chilo sacchariphagus indicus)
Symptoms: The larvae makes entry into the stem by boring at he nodal region and feed the
Inner contepts and as a result the tissues tarn red.
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Control : (2) Collection of egg masses and their description by burning, () pray Endosulian
(175 miftitre), {(c) Release the egg parasite, Trichogramma australicurmn,

4, Sugar cane scale (Melanaspis glomerata)

Symptoms :The insects infest the crop at the time of formiation of iitternodes. The sezies appear
as shiny mass at the lower nodes of the plant and extends wpto the middie. The nymphs and
adults suck the sap from the ster and leaves. The infested cane gets shrivat 1 and the internodal
length gets reduced.

Conirol:(a) The setts should be drenched in (.3% emulsion majathion or Dimethoate for 13
minutes, (b} Apply Disuifaton granuies at the raie of 20 kg/acre as placement at the base of the
plant at 5" deep, (¢} Grow resistant varieties Jike CO-70 and A-~17 in sndemic areas, {d) Spray
malathion or Dimethoate (1 mifitre) after the removai of lcaf trash of basal leaves, {e) Releass
predators like Pharoscymays hornii of Chilocoris nigrites. '

)

5. Mealy bugs(Saccﬁariccr:cus sacchari)

Syroptoms :Beneath the leaf sheath, colonies of mealy bugs develop arud both adults and nymphs
suck the sap from the cane. The population of the hugs ncreases undger drovght conditions.
Control :(a) Detrash the leaves and spray maiathion {1.5 mifiite2) ur Fenitrothion { T mifliie),
(b) Destruction of crop rescues after harvest, (¢} Selection of pest free send materiat.

6. Leaf hoppers (Dictyophora pallidac)

Symptoms: The nymphs and aduits suck the sap from the lower surface of leaves. The infested
plants appear sickly and shows blighied appearance,

Control: {a) Spraying Monocrotophes (1.5 mi/lifre} ar Phosphaigidon (¢ mitflitze) or Dimethoate
(1 miflitre), (b) Trash should be burnt after harvest, {z} Collds{idn and destroction of eggs.

7. White grub (Holotrichia consanguinea and H.servatal O

Symptoms: The grubs feed on the rocts and mot@‘rg and kill the entire plant. The affected
piant completely dries up. ;E

Control: (a) Application of phorate or carbofur granuies in two egual splits, one at the thine
of planting and the second one month after planting, (v} plough the field deep in summer after
harvest to expose the grubs.

8. Miies (Paratetranyclhiusindicus)
Symptoms: Nymphs and adults suck the sap from the under surface of iduves. The affected
leaves show yellowing initizlly and later develop intn red patches.

Control: Dust sulphur at the rate of 10-12 kgfacre or spray Dicofo! ar the rate of 3 mifiitre.
B Pray

B. Disease
1. Ring spot of Sugarcane(Leptosphaeria sacchari)

Symptoms: The initial symptoms start as purple spots on beth surfaces of leaves, The spots arg
elongated irregniacly and scaitered over the whole ar part of the leaf Blade, In ssvere cases of
infection the leaf dries up dnd withers prematurely.

Control:Grow resistani varieties like B.O. 32, £0O-245, 312, 324, etc.

2. Sett yot {Ceratocystis paradixa)
Symptoms: The fungus mainiy affects the sugar cane setis. The diseases setis may 7ol before

germination or the shoots may die after growing to a height of sbout 153-30 cm. The Cenlra
portion of the stem becomes red and emits typical pineappls smeil.



Control:(a) Heaithy setts to be planted, (b) Treat the Sééds with Thiram or Ceresan or Agallol,
(c) Hot water treatment.

3. Smut { vstifago- scitaminea)

Symptoms:The infected plants are stunted and central shoot is._rep!aced by whip like black shoot,
several feet in length and curved. : .

The early stages the whip is covered by a thin sitvery white fitm. At maturity the film ruptures
releasing black powdery spores. The spores can be easily blown out even by little wind,

Control: (a) Aveid planting of setts from smutted canes, (b) Disinfect setts by treating with
Agallol (0.25%) for 5 minutes or Formalin (1%) for § minutes, (c) Removal of smutted whips
from the field and destructing them, (d) Discourage the practice of ratooning, (€) Plant resistant
varieties like CO-285, 356, 385, 449, 523 etc. :

4. Red rot { Collectotrichum falcatum)

Symptoms: The young leaves are discolored initially and margins and tips of the leaves wither
and droop. In later stages the canes get shrivelled, the rind sinks and becomes longitudinally
wrinkled, The leaves of the infected plants show symptoms in the form of dark red lesions in the
midrib, which may elongate and turn blood red with dark margins and later with straw coloured
centres, :

- Control: (a) Selection of heaithy setts from disease free crop, (b) Treating the setts'in Bordeax
mixture, (¢) Discourage ratooning, (d) Crop rotation, (e} Growing resistant. varieties like CO
244, 285, 301, 349 etc.

5. 'Wilt disease ( Cephalosporium sacchari)

Symtoms: Stunting and gradual witherin ﬁ})e initial symptom. The leaves of the infected
clumps turn yellow and withers. The a d canes become light and hollow and dries up, A
typical disagreeable doou is also assoc with the infected canes. Gradually the pith becomes
hollow_and hollowed portions sh: elial growth bearing large numbers of conidia, -

Control: (a) Seclect healthy s? and treat with Agallo[ before planting, (b} Grow resistant
varieties like CO 356, 370, 343 efc.

6. Red stripe ( Xanthomonas rubilineans)

Symptoms: The lesion starts with red stripes of 0.5 to 1 mm in breadth and several mm in
length. As the disease advances several of the lesions may coalesce causing wilting and drying
of leaves. The growing points of the affected shoot are vellow and later turn reddish with dark

~ brown stripes. The affected canes show cavities in the pith region and the vascular bundles show
dark red discolouration. The diseased and rotting shoots can be easily pulled out,

Control: Removal and destruction of affected plants,
7. Mosaic
The disease is caused by Sugarcane Mosaic virus.

Symptoms: Pale patches or blotches in the green tissues of the leaf will appear first, Small areas
- of th deaf are paler green colour than the rest. The patches are not uniform. The areas are oval
or elongated. The unfolded leaves show mottling. '

Control: (a) Use of healthy setts as seed, (b) Roguing of infected plants, .(c) Elimination of weed
hosts.

Check Your Progress 3,4 and 5§

3. The Scientific name of Top shoot borer of Sugarcane is
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4, The Smut of Sugarcane is caused by

5. Colletotrichum falcatum causes- __ disease of _S_ugafcane.

Nate: (a) Write your answers in the spaces given above,

- (b) Compare your, answers with those glven at the end..

19.20. SUMMARY

Sugarcane is the main source of sugar in India. Sugarcane factories provide gainful employ-
ment to a large number of people. Well drained loamy soils with pH range of 7.5 to 8.0 are
most suitable for high cane yields. Temperature, light and moisture are the principal climatic
factors, which influence the crop growth. Areas receiving nore than 750mm rainfall are ideal.
Warm and moist conditions at ripening period are not congenial. Early maturing varieties are
generally poosin cane yield than mid season and late varieties, but the sugar yield per unit area
and time was higher in early maturing varieties. The crop requires fine tilth. The. setts should
not be planted more than 5 ¢cm depth. The optimum sowing period is from January to March
for early, medium and late season varieties, and June to September for Adsali ¢crop. Planting is
done either in furrows, trenches or on flat beds. Healthy seed material free from diseases and
having high viability are used for raising a good crop. ThreeNadded setts from young canes of
6-9 months age or the top setts of mature canes are gen by used for seed purpose. Sugarcane
is a heavy feeder of nutrients, So, adequate manurin ssentlal for obtaining high yields. The
fertilizer nitrogen is to be given at 45 and 90 d r planting, whereas the entire dose of
phosphorus and potassiym fertilizers are to be as basal at the time of planting the setts,
The crop planted by trench method is less pr to lodging. Wrapping and propping prevents
the cane from lodging and also protects the cane from direct exposure to sunlight and wild ani-
mals. Earthing up is done before the start of the monsoon to prevent lodging of the cane. The
total water requirement varies from 2000 to 3000 mm. The formative stage of crop growth is
‘most sensitive for moisture stress. Ripeness of the cane is judged based on the hard jaggery
made from cane juice. The ripeness can also be tested with hand refractometer. Early maturity
and reduction in cost of production are important advantages of ratoon cropping of sugarcane.
After reducing the activity, the juice is to be boiled at temperature of 118 to 124°C and cooled
for making jaggery. Incidence of pests and diseases can be kept under check by selecting resis-
tant varieties, early planting of disease-free seed material after treating with chemicals, besides
following crop rotation, avoiding ratoon cropping and by destroying the crop residues.

19.21. CHECK YOUR PROGRESS : MODEL ANSWERS

The late maturing varieties of Sugarcane are (a) CO-62175, (b) CO-7219, (c) CO419

" The acidity of sugarcane juice during jaggery making is reduced by adding filtered lime sucrate.
‘I}ypar);za nivella
Ustilago scitamninea

Red rot

oA W N e
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19.22.

MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lnes each.

1

Explain, how the various climatic factors influence the crop growth, yield and quality of
cane?

Discuss the various types of seed materials used for sigarcane planting.
Describe the three methods of sugarcane planting in India?

Wiite abont the minuria and fertilizer requirement of sugarcane with special reference
to deosage and time of apphcation recommended for various tracts in Andhra Pradesh?

Give a detailed account of jrrigation aspects of sugarcane crop?

Write the symptoms of Ringspot, Sett roe. Smut, Wit and Mosaic diseases in sugarcane
crop? '

I1. Answer the following questions in about 10 lines each.
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Describe the salient features of early, mid season and late maturing varietal 'groﬁps?
Give a brief account of the soils of sugarcane growing areas?

Explain, briefly, the management aspects of ratoon sugarcane.

Describe, in brief, the process of jaggery making?

Write about crop logging in sugargarie,

Write the nature of damagewlatoms) of Farly shoot, Top shoot and stem borers on

sugarcane? Q.'
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20.1. OBJECTIVES

After going through this unit you will be able to:

1

2
3
4
5

list out the cotton regions of Andhra Pradesh and describe each one of them,

list out the species of Gossypium included in old world cotton and new worid cotton,
describe the climatic and soil requirements fcr cotton,

describe the method of preparation of land dnd the process of sowing the seeds of cotton,

list out the manures and fertilizers required for cotton at different periods and describe the
method of application,
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describe the after cultivation practices,

7. list out the Important pests and diseases of cotton and describe the symptoms caused by
them, S - : - :

describe the method of harvesting of cotton and estimate the yields,
9. evaluate the quality of cotton produced. .

20.2. INTRODUCTION

Cotton is most important commercial crop of the world which is often referred to as ‘white
gold’. 1t plays a significant role on socio-economic life as it links the coltivation, the industrialist
and the shop keeper in a chain of production, processing and marketing. It is foremost among
the fibre crops, providing the most essential requirement of mankind, the clothing. Although
cotton faces a tough competition with synthetic fibres in the market, it is being preferred for its
softness and moisture absorption properties which give more comfort over synthetics. It supplies
the basic raw material for cotton textiles industry which is the oldest industry. 1t is the largest
industrial segment. in the country in terms of value of output and labour employed directly or
indirectly. There are 688 cotton textile mills in India, providing direct employment to 9 lakh
workers and indirect employment to 25 lakh people through powerlooms, handlooms charkas
etc,

Cotton is cultivated in about 60.countries of the world but ten countries, viz., the USSR,
USA, China, India, Brazil, Pakistan, Turkey, Egypt, Mexico and Sudan contribute nearly 85 per
cent of the total production.

India ranks first in acreage but 'occupi?urth position in production. The average lint
vield is 160 kg per hectare which is the lgf?s n the world.

The reason for low yields of cott ndia can be listed as follows;

{a) About 76 per cent of cotton Qﬂ»is under rainfed conditions which is subjected to vagaries
of weather conditions.

(b) A considerable area of cotton is still occupied by desi cottons (G. arboreum and G.
herbacium)which are low yielders.

(¢) Most of the rainfed cotton is grown in soils having less fertility with out proper management
practices including fertiliser application. '

(d) Fish yielding and better quality American and Egyptian type (G. hirsutum & G, bar-
badense)are being grown without proper plant protection measures which are most suscep-
tible to pest attack. :

In Indja cotton is being grown from the sub-Himalayan Region in the north to the extreme.
South tip. The major cotton growing area is confined to peninsufar India comprising Maharashtra,
Gujarat, Karnataka, Madhya Pradesh, Andhra Pradesh, Tamil Nadu, Punjab and Rajasthan and
Northern India. :

In Andhra Pradesh it is grown in an area of about 4.43 lakh hectares with a production
of 5.89 lakh bales of cotton. Andhra Pradesh ranks 6th both in.acreage and production in
the country. The important districts growing cotton in terms of acreage are Adilabad, Guntur, -
Kurnool, Prakasam and Anantapur .

20.3. COTTON REGIONS OF ANDHRA PRADESH

The state of Andhra Pradesh is divided into 3 cotton regions. They are: (1) Northern Region,
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- 203.1. Northern Region

It comprises mainly of Adilabad district bordering Maharastra Statc In thls reglon two
" distinct agro-climatic areas exists. _

(i) The high plams lozally called " Ghat area" are characterised by fairly assured rainfall of 1000
‘mm and above from June to October. ' G.hirsutum (American) cottons are cultivated. L
147 and Buri 1009, DHY-286 are the popular varieties. The soils are fairly deep and retain
moisture for long periods. The total area of 0.4 lakh hectares is under this ghat area.

(i) the plains the soil is deeper than in ghat area but the rainfall is less and also not assured and
is ill distributed. G. arboreumn (Gaorani} is the cotton variety grown in this area covering

- 0.3 lakh hectares. Gaorani cottons which have strong fibre and fine quality lint are in great
demand by the mills. Gaorani 6 and Saraswathi are the recommended varieties for this tract.

20.3.2. Central Region

Cotton is grown mainly under rainfed conditions and is spread over mamly in Kurnool
district. The total area in this region is 1.75 lakh hectares which can be classified into five distinct
areas as- follows

(a) Mungari region: The soils are light and the cotton (G. arboreum)is cultivated in early Kharif
{(Mungari) season in about 0.4 lakh hectares. At present a non-descript variety, Pandarpuri
_is grown. Srisailam is now recommended for this tract,

(b) White Northerns:This was the important cotton area in the past.G. arbore um ‘was predom- B
~ inantly cultivated but with the advent of G. hizsuttum. d area under.this particular type
of cotton has dwindled conmderably and now. occupies daly 0.2. lakh hectares as against 0.6
lakh hectares. The soils are very deep and highly @ re retentive. Sowings are possible
only by the end of August or early September: ? though 650 mm rainfall.is received,
-it-is unpredictable both in- intensity and dl@ Nandicum and Mahanandi are the .
recommended varieties for this tract : : - S

(©) Rainfed Americans: In the black cott&soﬂs American cottons (Laxmi, Hampi and

" Mahalaxmi) are cultivated in 0.80 lakh hectares under rainfed conditions. In years of good
rainfall the yields are- assured but in years of inadequate and ill distributed rainfall the yields
suffer very much.

(d) Westerns: This area is mostly confined to about (.2 lakh hectares of black cotton soils of
' Western taluks of Kurnool district. Varieties, Western-T and Jayadhir are largely cultivated as
they had the ability to withstand drought better than all other cottons. The farmers therefore
grow both westerns (G.herbaceum) and also American cotton. The fibré of Westerns is
coarse and short staple type. : : o

(e) Irrigated cottons: Of late in abut 0.1 lakh hectares American cottons specially the hybrids.
like H-4 and DCH-32 are being cultivated under irrigation. The yields are fairly good. In.
rabi season also some area is under American cottons. Though the area at present is very
limited, it is expected to increase in future.

2033. Eastern Reglon

This is the major quality cotton producmg region, and has come to-. occupy top. place in our
country. It comprises Nagarjuna Sagar Project-area of Guntur and Prakasam districts with an
acreage of 1.2 lakh hectares. To some extent in Nalgonda and Krishna districts also, these long
staple cottons are being cultivated. The area in other adjacent distrigts is estimated "to be 0.2
lakh hectares. Again under Nagarjuna Sagar Project, there are two distinct regions (1) black

- soil area and (2) the light-red soil area. With the extension of irrigated area to lighter soils,



the acreage under cotton is likely to touch 2 lakh hectares in the near future. Both extra long
and superfine cottons are produced in this zone. The varietal composition is 75% MCU, 5%
Hybrid-4 and 20% Varalaxmi and Suvin. :

Besides the above area where cotton is grown in kharif season, cotton is also grown in rabi
season in rice fallows in about (.08 lakh hectares. With 1mprovemcnt in irrigation facilities it is
hke!y that this area will increase in future.

204. SPECIES COMPOSITION

In India all the four cultivated species of cotton are grown. The four species of Gossypium
are divided into 2 groups-1. old world cotton and 2. New world cotton,

204.1. Old World Cotton (Desi cotton)
1. Gossypium arboreum
2. Gossypium herbaceum

These are diploids having 26 chromosomes (2n). The fibre is coarse and short-stapléd.

204.2. New World Cotton

3. Gossypium hisutum (Amerlcan or uptand or Cambodia cotton,; These are tetraploids having
52 chromosomes (2n). Fibre is fine and long stapled.

4. Gossypium barbadense (Egyptian or Sea¥slands or Andrews); These are tetraploids having.
52 chromosomes (2n). Fibre is fine § ra long stapled. )

Gossypium hirsutum is the pred nt species covering 509 of the cotton area in India
followed by Gossypium arboreum per cent and G.herbaceum with 21 per cent. The area
under G.barbadense is ncghglble%rd covers only a few thousand hectares. Efforts are being

_ made to increase the area u G.hirsutum by replacing the old world species which are low
ylelders and having short fibre fength. In USA Gossypium hirsutum occupies 99 per cent and
one per cent of G.barbadense. In U.S.S.R. 92 per cent of the area is occupied by G. hirsutun
and G. barbadense occupies the remaining eight per cent.

Check Your Progress 1 & 2

1. Write the names of three cotton regions of Andhra Pradesh?

2. What are the species of Gassypium that are included in New world cotton?
Note:(a) Write the answers in the space given below

(b) Compare your answers with those given at the end.

...................................................................................
..................................................................................

..................................................................................

20.5. VARIETAL IMPROVEMENT PROGRAMME

In place of desi cotton, earlier attempts were made by the East India company to introduce
hirsutumn species from- America, Egypt, Brazil, Peru etc. liuprovement in the varieties was
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achieved through the breeding programme of hybridization and selection. Varieties suitable to
the different regions were released. India has the distinction of developing and releasing hybrid
in cotton for commercial cultivation on a large scale by employing manual labour. So far male
sterile line in cotton for commercial exploitation by natural crossing is not available. Some of
the varieties and hybrids recommended for cultivation in different parts of the country are MCU
5,9, Varalaxmi, Bhagya, Mahanandi etc.

New Hybrids
‘1. Savitri hybrid (Inter specific hybrid)-Irrigated area of Maharastra.
2. Godavari hybrid (Inter hirsuéum hybrid)-Rainfed areas of Marathwada in Maharastra.

3, Suguna (Inter hirsutum hybrid)-Rainfed and irrigated areas of Tamil Nadu, Andhra Pradesh,
- and Karnataka. :

4. DCH-32 (Dharwar cotton hybrid)-Inter specific hybrid. Suitable for irrigated tracts of -
Andhra Pradesh and Karnataka. .

'2'0.6. CLIMATIC REQUIREMENT

Cotton is essentiaily a tropical and subtropical crop thnvm g well unirdes hot and humid climates.
The minimum temperature reqmred for germination is 15°C. The optimum temperature range
for vegetative growth is 21-27°C. It does not grow wel! when temperatures are below 21°C but
it can tolerate high temperature upto 43°C. During the period of fruiting, warm days and cool
" nights with large diurnal variations are conducive for fibre development and better yields, lack of
sufficient sunshine hours wilt prevent ripening of boli to qu)aturity. For getting good guality
produce, bright sunny days are essential.

It can be grown under rainfed conditions in reg: Q:eiving a minimum annual rainfall of
500 mm with 200 mm of rainfall well distributed e growing season. It requires sufficient
rainfall during the early stages of its growth. uous rains or a long spell of dry weather may
affect the germination or retard the crop gr% During vegetative growth, moderate rainfall
is requircd. Heavy rains at flowering and fruiting time may cause heavy shedding of buds and
young bolis. A dry penod is essential for bolls to ripen and burst properly.

20.7. SOILS

Cotton is grown in a variety of soils. 1t requires well drained soils as it can not tolerate
water logging. It is mainly grown as a rainfed crop in black cotton soils of central India and
light biack soils of the Deccan plateau and as an jrrigated crop in alluvial soils of the Punjab,
‘Haryana, Rajasthan and Uttar Pradesh and red lateritic soils of Tamil Nadu, Kerala and Assam.
It can be grown in soils having pH values ranging from 5.5 to 8.5.

208. SOWING SEASON

The sowing season of cotton varies considerably from tract to tract because of differences in
climate, soils and varieties grown. There is practically no month in the year when sowing do not
take place in some part of the country or other. In major cotton growing tracts of the country
viz, Maharastra, Gujarat, M.P., Punjab, U.P., northern districts of Andhra Pradesh, parts of
Karnataka and Bihar it is grown as kharif crop with the onset of the monsoon in the month of
June-July, The irrigated crop in these areas is sown during April-May. In the districts of Baroda,
Broach and Surat of Gujarat and also in M.P. and Maharastra, farmers take up dry sowing in
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the last week of May or early June in anticipation of rains. Such dry sowing gives early start to
the seedlings resulting in higher yields. '

-
-

In north Karnataka and southern districts of Andhra pradesh, Tamil Nadu which receives
rainfall both from S.W. and N.E. monsoon, cotton sowings are taken up in the month of August
both for rainfed and irrigated cotton. In the districts of Thanjavur and Tiruchinapalli, it is sown
as an irrigated crop in February. '

The soil must contain a considerable amount of moisture at the time of sowing. Cotton
seed will not germinate urless it absorbs water equivalent to 1/2 or more of its seed weight,

20.9. PREPARATION OF LAND

Proper preparation of land is important for providing ideal conditions for seed germination
and plant growth. For rainfed crop in black cotton soils alternate-year deep ploughirigs to a
depth of 20-25 cm followed by two to three blade harrowings help in eliminating hard pan and
increasing the moisture storage capacity of the soil. In alluvial and red soils for irrigated crop
two to three ploughings are generally given followed by harrowings. Land is brought to fine with
and leveling is done by running wooden plank before sowing. F.M.Y. or compost at the rate of

810 tonnes/ha shoutd be applied uniformly before land [preparation,

20.10. SEED AND SOWING

Selection of good seed is important jmany crop. It is advisable to use certified seed,
- O™

-

20.10.1. Seed Treatment ?\

The cotton seed is cover short fibres called ‘fuzz’. The fuzz makes the seeds to cling
together, thus hampering their ffee passage through seeds drills, The seeds are generally treated
by rubbing with solutions of mud or mixture of ash and fresh cow dung, By this treatment the
fuzz of the seed get pasted on the seed itself and seeds no longer cling together. After this, the
seeds are dried in shade for two to three hours. :

The latest and more beneficial method is the use of concentrated sulphuric acid for delinting
cotton seeds. Two Kgs of cotton seeds are taken at a time in a bucket, concentrated commercial

‘sulphuric acid is stowly applied at the rate of 100 ml/kg of seed, stirring the seed with a wooden-
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stick till the fuzz gets scorched and the seed attains Coffee brown colour., The time required for
this treatment is one to two minutes depending upon the variety. The seeds are immediately
washed four to five times by pouring water into the bucket, The damaged and immature seeds:
float on the water and they are removed. The seeds are then dried in shade and treated with
capton or thiram at a rate of 5 g/kg of seed or Vitavox at a rate of 2 g/kg of seed or Bavistin and
a rate of 1 g/kg of seed. The seed treatment has to be done two to three days before sowing.
Acid delinted seeds are proved to be advantageous in the following ways. '

a) Acid delinting helps to eradicate the pathogens present on seed surface.
b) Seed treatment with fungicides effectively dore in acid delinted seeds.

c) Acid delinting facilitates the seeds to absorb moisture quickly and,improve the germination
percentage. ' : :



20.10.2. Seed Rate and Spacing

The optimum number of plants and distance between row to row (1nter row) and between
plants in a row (intra-row) depend upon growth characteristics of the variety, conditions of
soil, fertility status and soil moisture conditions. The recommended seed rate and spacing-for
different varieties grown under rainfed or irrigated conditions are given in the table 20.1. Seed
more than one year old shou!d not be used for SOng.

Table 20.1. Seed rate and spacing for different species of cotton.

Variety Seed rate * Spacing
Kgha : {cm)
a) Rainfed : - : o
- 1. G.arboreum 8-12 _ Drill sowing. )
_ _ _ - with 45 cm inter row spacing.
2. G.herbacium 8-12 - Drilt sowing with 60ecm
inter row.
3. G.hirsutum 12-16 . S 75-90%30-45 .
4. hybrids -~ = - 3 - .. 90-120x90
b) Irrigated ) - . '
"~ G.hirsutum 8§12 ' 90x45-60
G.barbadense” ~~ ,, T 90%45-60
hybrids ~ - 3 o . 9%0-120x90-120
20.103. Sowing | O

Cotton is sown either by drilling or by dlbblmg ’l@former is generally practiced under
rainfed conditions for desi cottons. American cotton h under irrigated or rainfed conditions
.and hybrids are sown by dibbling. In case of va Qﬁg o to three seeds per hill are sown and
after 3 weeks of sowing thinning is adopted hybrids due to high cost of the seed only
one seed is dibbled and gap filling is done witlY seelings grown in polythene bags. The depth
‘of planting depends on soil type and moisture conditions. In light soils, when there is enough
moisture the seed is usually sown at 2 to 3 ¢m deep. In heavy soil it is sown at-a depth of 5 cm.

. 20.10.4. Paired Row Planting

In this method the row spacing is reduced to form a pair of two rows and increase the space
between the two pairs so that it can accommodate short duration legume or cereal or oil seed
crop to augment the monetary returns of the farmer. For example if the inter row spacing is 75
cm. it is reduced to 60 cm within the pair and 90 ¢cm in between the pairs. Under limited water
supply conditions irrigation can be given within the pair skipping inter space between the pairs.
This results in considerable saving in irrigation water without adversely affecting the ylelds of
the cotton crop. .

20.11. FERTILIZER RECOMMENDATIONS

Cotton is not a soil exhaustive crop. The average removal of nutrient by cotton crop producing
560 kg of lint per hectare excluding cotton stalks and other parts left in the field was 40, 16 and
17kg N, P, Og and K5O per hectare respectively. Apphcatlon of Farm yard manure of compost
at the rate of %O tonncs per hectare before the last ploughing is recommended wherevér possible.
In table 21.4 the recommended quantity and time of fertilizer application for the different cotton
regions of Andhra Pradesh is furnished.

254



255

Table 20.2: Quantity and time of application of fertilizers.

Variety Total Quantity Kg/ha basal dose Top dréssing

- Kg/a Kg/ha
N P,04 _ K20 N P,05 K,O N P,04 K,0

Rainfed _
1. North Zone 40 40 40 40 490 40 - - -
2. Central zone 20 20 20 20 - - - .
Irrigated '
East zone 120 50 50 60 50 50 - 60} -
Rice fallows 120 . 40 40 60 40 48 - 60 -

Hybrids 150 60 60 75 60 60 - 75 -

20.12. AFTER CULTIVATION

For planting hybrid cotton seed, it is advisable to sow 2 to 3 redgram seeds along with
hybrid seeds to facilitate the easy emergence of cotton seedling, The redgram seedlings should
be removed 15 days after sowing. In case of varieties where 3 to 4 seeds are sown per hill,
thinning is done 20 to 30 days after sowing leaving only one plant per hill: Intercuitivation is
done with butlack drawn blade harrow followed by hand weedings at 20- 25 days and again at
15 days at square formation stage before top dressing the fertilizer. When sufficient labour is
not available for carrying out timely hand weedlings post emergence application of Diuron at a
rate of 1.5 kg/ha or mixture of Diuron and Argar- 529 can be applied at a rate of 750 g and 1
litre respectively. 6 -

Shedding of young buds and bolls i@common phenomenen in cotton which affect the
cotton production adversely. it has beeg’estimated that nearly 10 to 60 per cent of total flowers
produced are shed due to physio{ogical disorder. Adverse climatic factors or imbalance of
nutrients or growth-regulating tdances may be the case for boll shedding. Application of plant
hormones like pianofix ie., NAAV{alpha naphthelene acetic acid) at a concentration of 30 ppm
at flower mitiation followed by 20 ppm spray, 15 days after the first spray result in retaining 35
per cent more bolls and increase the seed cotton vield by 3 g/ha.

20.13. IRRIGATION

Cotton, though drought tolerant responds well to irrigation. It is highly sensitive to soil
moisture ‘conditions. A planned moisture regime that will restrain vegetative growth without
adversely affecting the yield s essential. The ptant should complete its vegetative phase by the
time of full flewering. This can be achieved by moisture regime that promotes regular and rapid
but not excessive development of the young plant. The water use per day by cotton plant at
different phases of crop is as follows:

1. Upto first flower 3.8 mm of water/day
2. Upto peak bloom . 8.9 mm of water/day
3. At the last bloom and harvest 5.1 mm of water/day

Flower mitiation stage, peak flowering stage and boll development stage aré three critical
stages when moisture should not be limiting factor. Moisture stress at flower initiation reduces
the growth and number of boll retention, bol} weight, seed index and kint index. Moisture stress
at boll development reduces the number and size of bolls. Irrigation after too much moisture
stress results in boll shedding.

Rainfed cotton because of il distribotion of rainfall may often face excessive moisture
conditions or moisture stress conditions at one or other stages of the crop growth. Ridging



with every intercalture or tying ridges before last rains have been found to be advantageous to
counteract the above situations. Wherever possible one or two protective irrigations in the post
flowering period weould increase the response of fertilizers and enhance the yield.

- 20,14, IMPORTANT PESTS AND DISEASES ON COTTON

A. Pests
1. Jassid (Amrasca biguttula)

Symptoms: Nymphs are seen in huge numbers on the under surface of leaves sucking the sap.
They move diagonally. The infested leaves turn yellow and curl at the tips with reddish patches.
They turn to brown patches and when the damage is severe, stunting is alse observed.

Control: Spraying of Methyl dematon (2 m!{/litre) or Monocrotophos (1.5 mifitre).
2. Cotton aphid (Aphis gossypii)

Symptoms: The nymphs and adujts suck the sap from the tower surface of leaves and shoots
and results in the cutling of leaves.

Control:Spray Monocrotophos (1.5 mi/litre) or Dimethoate (1 miAit) or phosphomidon (1 miflitre)
- or Acephate (1 gm/iitre}.

3. White flies (Bemisia tabaci) .

Symptoms: The nymphs and adults suck the sap from the lower surface of the leaves and this
results in premature bol! drap and improper opening of bolts. The insect is a vector of leaf curl
virus,

Control: Spray Monscrotophos {3 miditre) ot Dimeth@ (2 miflitre) or Phosphamidon {2
miflitre).

4, Cotton thrips {Thrips tabaci) Q

Syimptems: Nvimphs and aduits suck the szlpﬁm the leaves and flower buds, The affected
Jeaves get curfed up and show uneven surface with bronzed appedrance.

Control:Spray Methyl dematon (2 mlflitre) or Monocrotophos (1.5 miflit) or Dimethoate (1
miflitre).

5. Red cotton bug (Dysdercus congnlatus)

Symptoms; The nymphs and adults suck the sap from the tender parts of leaves, shoots, flower
buds, immature bolts, and developing bolls. . .

Control: Dust BEC 10% or Spray Chioripyriphos (2.5 mlfitre) or Monocrotophos (1.5 miftitre)
6. Sputted boil worm (Earias vittella and E. insulana)

Symgptams: The larvae enter the developing shoots and feed inside and as a result dropping of
leaves is observed. In the later stages the larvae bore into buds, flowers and bolls and cause
damage by migrating from one part to another. Heavy shedding of flower buds in the early

stages and at fater stages occwrs. The affected bolls drop off prematurely and this resuits in
severe yield losses, '

Control: (a) Spray Monocrotophos (1.5 miflitre} or Fenvale rate {0.5 mi/litre) or Decamethrin
(1 miflitre), {b) Destruction of alternate host plants.

47, American boll worm (Helfothis anmnigera}

Symptems: The larvae bore into the bolls and feed upon them by keeping the head inside and
the body outside. The infestation leads to immature bol! drop.
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Coh_t_rol:JSpray Monocrotophos (1.5 miflitre) + DDT (2.5 gjlitre)
8. Pink boll worm (platydera gossypiella}
Symptoms: The larvae enter inside the boll and eat away the inner portions.

'Control: Spray Monocrotophos (1.5 mi/litre) or Endosulfan (1.75 ml/litre) of Fenvalerate (0.5
ml/litre) or Decamethin (1 miflitre),

9. Tobacco caterpillar (Spodoptera litura)

Symptoms: The larvae scrape the lower epidermis of the leaf and eat the leaves by making holes.
At later stages the larvae extensively feed on the leaves and defoliate, The larvae also feed on
the developing bolls by making holes. - o . : '

Control: (a) Sbray Mu_nbcrptophos _(l.S_mlﬂitre) or Chloripyriphos- (25 ml/litre) or Fenvalefgte
(0.5 mlfitre) or Decamethrin (1 mi/litre), (b) Destruction of alternate host plants, {c) The
insecticidal application shofild coincide with the hatching of eggs. :

B. Diseases
L. ‘Anthracnose (Colletotrichum capsici)

Symptoms: The disease initiates as reddish circular spots on the cotyledons and primary leaves,
‘The infection on collar region may result in girdling causing seedlings to wilt and die. In the
matured plants the stem splits and sheds the bark. :

Control: (a) Treat the seed with conc, HZSO4 to eliminate seed borne infectibn, (b} Removal
of collateral weed hosts, _

2. Wilt {Fusariim oxysporum f.sp. vasinfect )

- Symptoms: Young seedling show yel[ov@ or browning of cotyledons. The infected seedlings
wilt and it results in their death. If t ts are affected later, the leaves become turgid and it
results i drooping and wilting of the ¥eaves. There may be complete defoliation,

Control: (a) Ploughing durin er months to expose the resting spores, (b) Application of
heavy doses of FYM and .Grégananures reduces build up, (c) Growing resistant varieties like
Jayadhar, Jarila, Vijay Pratap etc,, '

4. Verticilliom wilt (Verticillium dahliae)

Symptotws: The characteristic symptom is the mottling of leaves with pale yellowish irregular
areas at margins and in between the main veins. - :

Control:(a) Using acid delinted seed helps in reducing seed borne inoculum, (b) Treating the
seed with vitavax or Ceresan at the rate of 3 g/kg of seed, (¢) Crop rotation.

8. Root rot (Rhizoctonia bataticola)

Symptoms: Sudden and complete wilting of the affected plants is the main symptom. The
: affecte_d roots show rotting and decay. The affected main root is sticky and moist with the bark
shredded and woody tissues showing yellowing:

. Control: (a) Crop rotation, (b} Mixed cropping with Sorghum and Phaseolus aconitifolius
reduces the disease intensity.
6. Black arm (Xanl:thomonas campestris pv. malvacearum)

Symptoms: The bacterium attacks all the above ground plant parts, The seedlings show water
soaked circular lessions on the cotyledons which enlarge to become water soaked circular lesions.
The leaves of the mature plants show water soaked lesions and become, irregular black patches
which wither and dry'up. The bacterium may infecte bolls, stems etc. ' o
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Control: (a) Spray 500 ppm of Streptomycin sulphate, (b) Soak the seeds overmght in 1000 ppm
of streptomycin-sulphate before sowing.

Check Your Progress 3 & 4

3; The SClCI‘Il‘lflC name of white ﬂles that attack cotton IS

4 Black arm of cotton is caused by

Note:(a) ertc the answers in the space given below

(b) Compare your answers with those given at the erid.

I R R N N T I e R R I R LI R T I R

T T T R B R I R L T B R R LI R I

20.15. HARVESTING & YIELD

- In countries like USA and USSR where holdings are large and labour is scarce the picking.
of cotton is carried out with harvesnng machines. in India cotton is entirely hand picked. Cotton
~ harvesting is a costly and prolonged affair since it is picked three to five times as and when

cotton bolls open. The opened bolls, if kept on the plant foxong, get spoiled due to excessive
moisture, trash and other contaminants which are dlfflcu@ remove during ginning and reduce
the quality of seed cotton. Later pickings of cotton w. ower in grade than those harvested

carly. Cotton is usually picked by both hands with ung on their shoulders or backs. The.

- picked seed cotton (Kapas) is dried in shade to re the moisture content and then stored, A
few un-opened bolls which still remain on the @t after last picking can be collected and dried
in the sun. When they burst, the cotton can be taken out from them. Cotton stalks should be
removed immediately after the last picking to avoid the carry over of posts, .

~ The yields vary_ widely from tract to tract and from season to season dependmg upon the
climatic conditions. The average ylelds of seed cotton {Kapas) are as follows.

Rainfed desi cotton Co L 300-400 kg/ha
Rainfed American cotton : 400-800 kg/ha
Trrigated cotton T -
. (improved hirsutum variety)- ' . _ 1500+2000 kg/ha.
“Irrigated hybrid cotton - S r T 2000-3000 Kg/ha.

20.16. CROP ROTATION

It is always advisable to grow crops in rotation Jnstead of eontmuous cropping with a
partlcular crop on a given piece of land. It helps to maintain soil fertility besides keeping the
insects and disease organisms under check. Growing cotton after leguminous crops in rotation

has been found to give higher yields of cotton. Cotton succeeding groundnut gave 15 to-20 per

cent more yield than followed by wheat or sorghum. The common rotations followed in different
cotton growing regions are as follows,
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20.17. INTERCROPPING

Intercropping both under rainfed and irrigated conditions is beneficial. 1t ensures better
utilizations of resources like land, soil moisture and fertilizers. Cotton is commonly intercropped
with korra or ragi or groundnut in Rayalseema region of Andhra Pradesh and Karnataka. It
is intercropped with blackgram or coriander or bengal gram in Tamilnadu. The other common
intercrops or mixtures grown in asseciation with cotton crops are maize, ssrghum, ambadi
sesamum in central and northern parts of India.

20.18. COTTON QUALITY EVALUATION

The quality of seed cotton 1s generally judged by the following characteristics.

(1) Ginning percentage (2} Fibre length (staple [ength) (3) Fibre fineness
(4) Fibre strength. (5} Fibre maturity (6) Spinning quatity
{7) Colour and (8) Trash content.

20.18.1. Ginning Percenfage

It is the out turn of lint to seed cotton by weight and is expressed in percentage Ginning
pereentage ranges ‘rom 24 to 44,

20.18.2. Fibre Length or Staple ' h>

It is one of the most importaat acteristics for deciding quality and market price of
cotton. It is-the average length 0@3’ vidual cotton fibres. The longer the staple length thc
better the quality. The cotton %d itied into the following five

Group 25 span length (mm)
1. Extra long staple ' 33.0 and above

2. Long staple _ 29.5 to 32.5

3, Medium staple _ _ . 250 1t0 26.0

4. Short staple-A 20.5 to 24.5

5. Short staple-B ' 2().0 and below.

20.18.3. Fibre Fineness

Next to staple length, fineness is important and it affects the spinning guality. Fibre finess is
usually expressed in terms of weight per unit length of fibre. The micronaire value recording 5
or more micregrams per inch of fibre is considered coarse fibre. The values recording less than
4 are fine and the values between 4 to 5 as average.

20.184. Fibre Strength

1t is usually measured by subjecting to stretching stress in length wise direction on a single
fibre or on a bundle of fibres. The values are expressed in terms of breaking strength in pounds
per milligram weight of fibre bundle. In metric system the values determined by stelometer
are expressed as tenacity in terms of grams per tex where tex dnn ites wug,ht in grams of one
kilometre of the fibre.



20.18.5. Fibre Maturity

It is the index of the extent of development of fibres. The maturity can be determined by
ditferent methods. Tn the procedures commonly adopted, the fibres are swoller: in 18 percent
caustic soda and examined under microscope. Based on the ratio of diameter of lumen (L} te
the wall thickness of swollen fibres (W), they are classified into the following groups.

= s tinn L o= Mature

= Half matire

v
!

grosier than 2 = Immatuie.

20.18.6. Spinning Auvality

Lint cotton is first spun into yarn by spinning. Price of cotton depends upon the spinning
quality which is usually expressed as the highest standard count (HSC) to which cotton can be
spun. A count is the number of hanks (each hank is 840 yards length of yarn) found in one
pound of yarn. For example 50 counts would indicate that one pound of yarn would contain 50
hanks of 940 yards each. Spinning quality depends upon staple length, fineness and strength.

26.18.7. Caolour of Cotton

The colour of cotton varies reddish tint to bright shining white. The brighter the colour
the better the quality. In the laboratory, colour is estimate¥, by using the Nikerson Hurnier
Colorimeter. In this instrument the total amount of light réffected and degree of yeitowness
from sample is estimated, ?\%

20.18.8. Trash Content Q v

Spinning performance and yarn appearanc&e affected by higher percentage of trash content.
It is estimated in the Laboratory by Shiriey Analyser. In this instrument, a known quaniity
of cotton is passed through a set of rollers and opened out. The trash and lint are collected
separately and their percentage is determined.

20.19. SUMMARY

Cotton is the most important among the fibre creps, supplying the basic requivement of
man, the clothing. It is being grown ali over the world. The major cotton growing area i india is
confined to Maharashtra, Gujarat, Karnataka, Madhya Pradesh, Andhra Pradesh, Tamil Naduy,
Punjab and Rajasthan. All four cultivated species ie., Gossypium hirsutum, G. herbaceurn, G.
barbadense and G. arborium are grown in India. India has the distinction of developing and
releasing hybrids in cotton for commercial cultivation on a large scale by employing manuval
labour. 1t can be grown under rainfed conditions in regions receving a minimum rainfall of
500 mm annually. Tt requires dry climate with bright sun shine during boll development and
ripening. As a rainfed crop it is mostly grown in black cotton soils and as an irrigated crop in
a variety of sofls. As a rainfed crop it is mostly grown with the commencement of nionsoon in
June-July. In regions where rainfall is received from both S.W. and N.E. monsoon rainfed crops
are sown in August, As an irrigated crop it is sown in April-May. Use of Acid delinted seed
is advantageous for increasing the germination percentage. The seed rate required for hybrids
is 2.5 ka/ha and for varieties 8-12 kg per/ha. The spacing for desi cotton ranges from 43-60 x
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15-30 ¢cm and for hirstutum and barbadense types 75- 90 x 45-60 cm and for hybrids, 90-120 x
90-120 cm.- The fertilizer recommended for desi cotton is 40 : 40 : 40 Kg N, P Og KO o/ha and
for hirsututum and barbadense types 120 ; 50 : 50 kg N, P 05 K tha and for lﬁfbrlds"lso

: 60 : 60 kg N, PZOS K7O/ha. Intercultivation with bullock drawn blade barrow followed by
hand weeding twice at 20-26 and 45-30 days age of the crop has to be attended, Adverse climate
factors or imbalance of natrients or growth regulating substances are the probable reasons for
ball shedding in cotton. Jassid in early stage and boll worms at fater stages are the major pests
in cotton which needs to be controlled by regular plant protection measures. Flower initiation,
peak flowering and boll development stages are the critical stages for irrigating cotton. The .
average yield of seed cotton (Kapas) under rainfed conditions for desi cotton is 300-400 kg/ha
and for American cotton 400-800 kg/ha and Irrigated cotton (hirsutum) type is 1500-2000 kg/ha.
Cotton quality is mostly judged by fibre length, fibre fineness and fibre strength which influence
the spinning performance of lint cotton to yarn.

20.20. CHECK YOUR PROGRESS : MODEL ANSWERS

"

1, The thrcc cotton regions of Andhra pradesh are (a) Northern chlon (b) Central Region
and {c) Eastern Region, .

2. The spet:les of Gossypium that are included under new wor!d cotton are G hirsutum, G.
_barbadense '

3. DBemisia tabaci

Xanthomonas compestris P.V. malvacearum

20.21. MODEL EXAM!NATION (Q‘f]@STIONS

I. An_swer the following questions ?‘ ut 30 lines each.
fe

1. Describe soil types of. ent cofton regions of Andhra Pradesh along thh specxes
and important varietiesf cotton that are grown in each region. -

2. Give a brief account of soil and_c_hmat_;_c re_qulrements_ and sowing seasons of cotton.

Give the seed rate, spacing, manurial and fertilizer schedules and yield of different
species and hybrids of cotton under rainfed and irrigated conditions.

4. Describe the symptoms caused by different pests of cotton along with control measures.

5. Discuss in brief the characteristics of fibres for evaluating the quality of cotton.

II. Answer the _following questioﬁs m about 10 lines each. _
Why is seed treatment in cottoni necessary ? Expldin different types of seed treatments.
2. Give a brief account of shedding of young bunds and bolls in cotton,

Mention two 1mportant diseases of cofton aiong with their sytnptoms and control
measures.

4. Describe control measures of three important pests of cotton.

What are the ¢ritical stages of 1rr1gati0n in cotton? How water requlrement of cotton
vary at Gifferent stages of crop growth.

6. Write a brief account of areas under different species of cotton in India and in other
countries.
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21.1. OBJECTIVES o - O

e
After going through this unit you will be ableto: 2

1,

e I T S

- describe the climatic and soil requirements of Chillies

list out the recommended varieties,

describe the method of preparation of main fieid and the process of transplanting
list out the manures .and fertilisers and describe the time and method of application
describe the method of intercultivation practices

suggest the method of controlling ﬂ.ower dro;ﬁ,-

list out the important pests and diseases and the causal organisms and suggest the method
of controlling them, ' .

describe the process of harvestihg and drying of chillies by different methods,

'21.1. INTRODUCTION

Chilli known as red pepper is a native of South America. Though exotic in origin has become

an indispensable in every Indian house. Black pepper. wa in use prior to the introduction of.

this

crop. The conditions for successful cultivation of black pepper are restricted to a limited
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area. Chilli is an annual crop and can be grown over a wide range of climatic, soil and cuoltural
conditions. This crop had therefore rapid spread throughout the country.

It can be used both in the green state and dried form. Besides the pungency due to capaicin,
it is a source of vitamin A and C.

It is grown in most parts of the world i.e., South and Central America, South, Central and
East Africa and Asiatic countries. Less pungent types are grown in the U.S.A. In India chilli
occupies an area of 7,91,800 hectares with a production of 5,18,000 tonnes of dry chiilies (1982-
83). Leading chilll producing states are Andhra Pradesh, Maharastra, Karnataka, Orissz and
Tamil Nadu. In Andhra Pradesh it is grown in an area of about 1699 lakh hectares with a
production of 1983 lakh tonnes of dry chilli (1982-83). Andhra Pradesh ranks first both in area
and production for chillies, contributing 37.5% of the country’s production.

21.3. CLIMATIC REQUIREMENT

The crop thrives well under tropical and subtropical climate. For optimum vegetative growth
and development of fruits, the temperature range of 18 to 38°C s required. It can not grow well
when temperature falls below 12°C or in high rainfall regions of more than 1500 mm. Moderate
rainfall of 550-900 mm is congenial for this crop. Jt can grow well from mean sea level upto
1100 metre elevation.

214. SOILS & SEASONS N
. A \V

It requires a well- drained mediu t0$eavy soit with sufficient organic matter. For rainfed
crop, moisture retentive black soils ?Ee est suited. For irrigated crop aliuvial soils or red loams

are best snited.

The crop is generally first raised in the nursery and then transplanted in the main field after
1-1/Z months. The foillowing are sowing and transplanting times of rainfed and irrigated chillies.

Rainfed crop : Sowing Nursery - June - July
' ' Transplanting - August
Sowing Nursery - June - July

lerigated crop
Transplanting - August - September
Sowing Nursery - June or August or December

Trrigated
(Green chillies) _
Transplanting - July or Sept. or January.

The daration of the crop (seed to seed) is 7 to 8 months for rainfed and 8 to 9 months for
jriigated cron

21.5. RECOMMENDED VARIETIES IN ANDHRA PRADESH

The different varieties that are recommended for Andhsa Pradesh, their average yields and
their characteristics are given below.
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SI.  Varieties Average Dry Chillies Ave. green Characteristics
No and their Yields in Q/bha chillies
parentage  Rainfed Irrigation yield Q/ha

(B (2) (3 4 (5) (6)

1. G3 10-12 2530 - it is cosmopolitan in habit
(N. P-46 A) and comes up well both under

irrigated and rainfed conditions,
Ideal for foreign export. Re-
commended for ail the districts.
Fruits are medium in size with
44% seed to pod. Calyx cup
shaped and persistent.

2. G-4.{CA- 12-13 30-35 - It gained extensive spread thro-
766-1-3) ughount the state particularly un-
Bhagya- der irrigated areas. Fruits are
{akshmi medium with olive green colour

turning to bright red on ripening.
Recommended for al! the districts
under irrigation.

3. Sindhur 12-14 30-35 250 arly in bearing by two to three
{CA-960 $eeks. Plants tall growing.
Hot Fruits long and stout with cup
Portugal) shaped calyx and biunt tip. Peri-

?N carp light green turning to bright
Q” red on ripening. Seed content
% 38% and pungency is mild. Rec-
ommended for green chilli pro-
duction in Cuddapak, Ananta-
pur, Kurnool, Prakasam and Kr-
ishna Dists. Recommended for
dry chillies in Krishna, West Go-
davari, Warangal and Karimnagar
dists. Where there is liking for
stout and mildly pungent types.

4. Apama 12-14 30-35 Plants tall growing and late in

(CA-1068) bearing by two weeks when com-

pared to other strains, Fruits
yellow inn colour on ripening.
Fruits medium long and stout
with semi cup shaped calyx and
blunt tip. Sced content 42%.
Recom- mended to yellow chilli
zone of East Godavari, Visakha-
patnam, Vijayanagaram and
Srikakulam Districts. It is toler-
ant to salinity and can withstand
drought as well as high moisiure
conditions.
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SI.  Varieties  Average Dry Chillies Ave. green Characteristics
No and their Yields in Qma  chillies _ S
parentage  Rainfed Irrigation  vyield Q/ha

m © @ “ ) S ®

5. X-196 (G-3 812 - - Plants tall growing. Fruits lohg
X Nadikudi) and stout with blunt tip and at-
tractive red colour. seed content

'40% and mild in punigency. Good

for pickles. Resistant to Cucum-

ber mosaic virus. Suitable to

Warangal and Karimnagar dists.

6. X-197.(G-3 12-15 - - Fruvits long and thin with cup
x.B-71 . . . shaped Calyx and pointed tip.
Assam) . : Seed content 42% tolerant to
' thrips: Suitable for rainfed and

irrigated areas in all the dists,

1. X235 (G4 15-20 - ' . This variety is characterised by
X Y.AM) compact plants with short intern-
: ode, small leaves and flowers with
_ vellow anthers. Pods are olive
O green (5-6 cm. long) with high
Q degree of pungency., Fairly tol-
: erant to sucking pests like thrips,
g?.. mites and aphids. The yellow an-
Q"* ther colour which is a rare char-
' % ' ' acter serves as a marker gene in
maintenance-of-purity, Recom-

mended to all the dists.

8. ' Jwala 10-12 25-30- 250 Similar to N.P. 46 A, but pods are
longer (10-12 ecm), Suitable for
green chillies production round
about Hyderabad to catch the
market of Hyderabad city.

21.6. SEED RATE AND RAISING OF SEEDLINGS

The seed rate is 1 kg/ha for transplanted crop and 6.25 kg/ha for direct sowing crop. The
following precautions are to bé taken when raising the seedlings,

1. Seedlings should.be invariably raised on raised beds. On flat beds, development of roots
and growth of seedlings are poor and damping off disease eccurs.

2. Raised beds of 1 metre width and 30 metres long in one of mote bits according to the
availability of space surrounded by drainage channels of 30 cm wid¢h are to be formed.

3. Sowing of seeds uniformly using 550 g per bed of 30 sq.m.
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4. Application of 100 g of Disulfotan granules per 30 sq. metre area.

5. Seed treatment with Agrosan G.N., or Captan or Dithane M 45 at 3 grams per one kg
of seed. _

6. Spraying copper fungicide on 12th day and 19th day of sowing to prevent, damping off -
disease.

7. Organic manures only are to be applied.
8. Topping seedling ene week prior to transplantation.

9. Six weeks old seedlings are to be used for transplantation.

21.7. PREPARATION OF MAINFIELD

“The main field is well prepared by ploughing twice followed by two to three harrowings.

21.8. MANURES AND FERTILIZERS

A basal dose of 10 tonnes of farm yard manure per ha is to be applied in June-July.

Sheep penning 2500-3000 sheep per ha can be done if available. Neem cake at 3-4 quintals/ha
preferably mixing with fertilizers at the time of fihal ploughing shduld be applied. Green manuring
can be practiced by sowing pillipesara or cowpea or sunh h early rains and incorporating
it after 40 days growth. ‘@

Chilli responds well to heavy doses of fertilizer ?:e dose of N.P.K fertilizers is necessary-
to get good yields and quality produce.; For 1 ed crop 60 kg N, 30 kg P205 and 50 kg
K. O/ha are to be applied as a basal dose at the ¢ of last ploughing. Wherever green manure
crop Is raised, the phosphatic fetitizers can be applied at the time of sowing green manure crop.
Depending aon the rainfall a top dressing of 20-30 kg N per hectare is to be applied in two split
doses by placement,

For an irrigated crop, a basal dose of 60 kg N, 60 kg P,O¢ and 30 kg K5O is to be applied
per hectare at the time of final ploughing. After 45 days of pfanting three split doses of 20 kg
N plus 10 kg K5O each at 15 days interval followed by irrigation should be adopted. Later on
two more split doses of N alone at 20 kg N per hectare are to be given. Foliar application of
1% urea along with insecticidal or fungicidat spray can be given and at each time only § to 10
kg of Urea may be rcqmred Urea can' be mixed with all insecticides and fungicides but not with
carbaryl.

Tn the soils where Zinc deflc:lency is noticed, Zinc sulphate at the rate 25 kg per hectare
can-be applied to the soil. Zinc sulphate can also be sprayed at the rate of 2 grams in one litre
of water using 1250 grams of zinc su]phate per hectare. This is to be repeated twice at 10 days
interval. :

21.9. TRANSPLANTING

Transplant 40-45 days old seedlings preferably on a cloudy day. For cold weather crop
transplantation is to be done during the first fortnight of September.
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The spacing is to be followed as given below.

56 x 15 cm _
(56 ¢cm between rows and 15 cm within the row with one seedling
per hill.)
56 x 56 cm
or
60 x 60 cm
or
90 x 69 cm
Depending upon soil fertility with two to three seedlings per hill.

Raipfed crop

Irrigated crop

21.10. DIRECT SOWING

1. Recommended for a rainfed crop under retentive black soils which are free from weeds with
good drainage. '

2. Seeds are to be drilled by the end of July or first week of August by ﬁsing 6.25 kg per ha.
3. Seed is to be treated as in the case of nursery before sowing.

4. After 30-40 days of sowing thinning and gap-filling are to be done preferably on a cloudy
day.

5. Plant to plant distance is to be maintained at 15 cm in the rows of 56 cm apart,

2111, INTERCULTIVATION O

A
Chillies require frequent intemu!tiv@t In the direct sown crop blade harrow to be
worked starting from the 30th day o ving. Four intercuitivations are needed at 10 days
intervals alternated with blade har@z.and fyned harrow or Junior-hoe. Final inter-cultivation
is to be given by the country plgaghMFor an irrigated crop, interculiivation is fo be given either
by Junior-hoe or lght plough %r each trrigation. Inier cultivations te be followed by hand
weeding to check the weed growth,

2132, IRRIGATION

Chitli canneft withstapd heavy moisture. Hence, irrigation shoutd be given only when it is
necessary, Prequent and heavy irrigation induces vegetative growth and causes flower shed. The
mimber of irrigations and interval between irrigations depend upon soils and climatic conditions.
1f the plants show symptoms of drooping leaves at 4.00 p.m., it is an indication that irrigation is
necded. )

21.13. FLOWER DROP

Flower drop is natural in chillies. Only 30 to 40% flowers sef into pods. Flower drop will

- be high during cloudy days. To minimise flower drop and to increase pod set Napthaline ‘Acetic

acid (Planofix or Wardhak) 13 ppm. is to be sprayed thrice at fortnightly intervals starting from
November,

21.14, INTERCROPPING

Chilii is mainly cultivated as a mono crop. In Gollaprolu tract of Guntur district it is cultivated
with cotton or onisr crop. After every 14 rows of chilli one row of cotton is grown. {n Karimnagar

267



region maize crop is grown mn June-July and Chilli is transpianted in Septernber-October as a
relay crop in the same field.

Check Your Progress - 1

What do you spray to minimise the flower drop in chillies?
Note: (a) Write the answer in the space given below.

(b) Compare your answer with the one given at the end.

..................................................................................

21.15. IMPORTANT PESTS AND DISEASES ON CHILLIES

A. Pests
1. Thrips (Scirtothrips dersalis)

Symptoms: The nymphs and adults harbour the leaf tissues and suck the sap. They also flower
buds and flowers besides grawing tender shoots. The feeding results in curling of leaves in cup-
shape. : :

Contrel: Spray Monocrotophos (1.5 miflitre) oi‘ dust BHC 10% or Carbary 1.5% 25 kg/ha,

2. Chilli pod borer (Spodoptera litura or Heliothis armig}«é

Symptorms: Spodobtcra Iitura bores the chilli pods and@ls inside by causing irregular holes.
H. armigera also makes hoics and feeds on the vind a%"sccd.

Control: Spray Monocrotophos (1.3 mi!!itré) r%ﬁloripyriphos (1.5 mi/litre) or Fenvalerate
(0.5 mlflitve) or Decamethrin (1 mifitre}. é
3. Chilli aphids {Aphis gossypil and Myzus persicae)

Symptems: Nymphs and adults of both the insects suck the sap from the leaves and growing
points. The infested plants are stunited and flowers and tender parts are shed.

Control: Spray Monocrotophos (1.75 mifiitre) or Phosphomidon (1 ml/litre) or Dimethoate {1
ml/itre).
4. Chilli mites {Polyphagotas sonemusintus and Tarsoneinus translucence)

Sympterms: The mites are found in large numbers on the lower surface of leaves and nymphs
and aduits suck the sap. The affected ieaves show elongation of petiole and curling down of the
ieaf blade in the form of inverted boat shape. The affected lcaves become dark green and can
be easily broken.

Control: Spray Dicofol (5 mifitre) or dust suiphur at the ratc of 10-1Z kg/facre,

B. Diseases
1. Damping off (Pythium aphanidermatuin )

Symptoms: The infected seediings become pale green and brownish water sonked lesions are
seen at the basal portion of the stem. The lesion girdles the stern and the affected fissues rot
and collapse.
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Control: (a) Soil sterilization by burning trash on the surface of nursery, (b) Provision of free
drainage to the beds, {¢) Sprgying of Dithane M-45 (2.5 g/llitre) or Bavistin (1 glitre).

2. Cercospora leaf spot (Cercospora capsici}

Symptoms: The initial symptoms-start as small chlorotic lesions, angular to 1rregular in shape
and they later on turn greyish brown. Severely affected leaves may drop off prematurely resulting
in severe yield losses.

Control: (2) Seed treatment with Bavistin at the rate of 3 g/kg of seed. (b) Spray Dlthane
M-45 (2.5 gflitre) or Bavistin (1 g/litre).

3. Altermaria leaf spot (Alternaria solani)

Symptoms: The lesions start as small water soaked areas and become irregular after a few
days. The lesions may coalesce in course of time and cover large areas of the leaf blade rcsultmg
in the blight. The leaf spots are characteristic with concentric rings,

Control: (a) Seed treatment with Bavistin at the rate of 3g/kg of seed, (b) Spray Dithanc M-43
(2.5 gllitre).

4. Anthracnose (Colletotrichum capsici)

Symptoms: The disease generally appears on ripened fruits and results in fruit rot. The lesions
are circular and sunken with black margins. With the advancement of disease the spots spread
and form concentric markings with dark fungal fructifications. under severe conditions the fruits
drop prematurely and result in heavy yield losses. The fungus some times attacks fruit stalk and
spread to the stem and causes die-back.

Control: (a) Seed treatment with Thna@r Ceresan at the rate of 3 g/kg of seed, (b) Spray
Dithane M-45 at the rate of 2.5 g/lltrea?‘

. Check Your Progress - 2 &

2. Anthrocnose disease of chillies is caused by'

3. Dampring off of chilli seeding is caused by

Note: (a) Write the answers in the spaces given above.
. {b) Compare your answers with those given at the end.

.....................................................................................
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21.16. HARVESTING

On an average flowering occurs at about 80-85 days age of the crop and the first green fruit
harvest can be started after 115- 130 days from the date of nursery sowing, The first red fruit
harvest can be undertaken after 160-165 days of nursery sowing. Generally six pickings are taken
from a rainfed crop and ten pickings from irrigated crop. Only well riped fruits are picked at
each time and dried separately.

21.17. DRYING OF CHILLIES

Sun drying is the common practice in India. The preparation of the drying floor differs from
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tract to tract. In places where sand belts are available they are used for drying chillies. Sand is
also carted and spread as a-thin layer on the drying floar to get uniform and quick drying. In
places where-sand is not available, the drying floor is prepared by working a blade harrow or a -
spade. The grass patches are removed and the land is leveled and compacted, if necessary, after
sprinkling water. The pods are spread on such drying yards in layers of 8-10 cm. From fifth day
onwards the pods are turned on alternate days so that the pods in the bottom layers are brought
up to ensure quick and umform drying. . . ’

Sun drying of chillies expose the pods to dust and foreign matter, apart from affecting pod
colour. The results of experiments conducted at the Agricultural Research Station, are found
quite encouraging. Chilli pods can be dried within a period of 18 hours with the aid of air blown
drier, keeping temperature at 44-46°C. This method not only saves. time and avoids watch for -
10-15 days but also imparts deep red colour and glossy texture to the fruits which are liked in
the foreign markets and fetch higher premium than that of the sun-dried procedure. The cost
of mechanical drying was worked out to be 25 paise per kg of d[y fruits. : '

Packing is done after the removal of defective and decolourised pods in guﬁny bags or jti'te
borahs or palmyrah baskets, :

21.18. YIELDS

The yields in r_éinfed and irrigated areas are given below.

Rainfed ' Green chillies = 100 quintalsia

. Crop .. S "~ Red dry chillies = 6 to %I ls/ha. -
Irrigated : Green chillies = 250 to .quintals/ha.

" crop Red dry chillies = :% 0‘%’:“15 quintals/ha.

e,

21.19. SUMMARY

Chilli both. in green or dry state the most important condiment which is being used in
every Indian house. It is being grown in most parts of the world. In India, Andhra Pradesh,
Maharashtra, Karnataka, Orissa and Tamil Nadu are the leading states. growing chilli. It grows
well within temperature range of 18 to 38°C. Its growth is curtailed when the temperature is
below 12°C or annual rainfall if more than 1500 mm. For rainfed crop moisture retentive black
soils are suitable, and for irrigated crop alluvial soils or red loams are suitable, Generally the
crop is first raised in the nursery in raised beds during June-July and then transplanted after
1-1/2 month in the main field. The seed rate required for transplanted crop is one kg/ha and
direct sown crop’6.25 kg/ha. The spacing for rainfed crop is 56 x 15 cm with one seedling per hill,
for irrigated crop 56 x 56 ¢cm with two to three seedlings per hilt. For rainfed crop the fertilizer
recommendation is 100: 30 ;.50 and for irrigated crop 120 : 60 : 30 kg of N, P5Og¢ and K9O/ha
respectively, Nitrogen is to be given in two to three split doses. The crop is mtcrcultureq four
times from 30th day of transplanting at 10 days interval. The crop should be irrigated when it
shows symptoms of drooping. Excessive irrigation induces more vegetative growth and causes
flower shed. Flower drop is common in chillies. Spraying of Napthaline acetic acid thrice at -
15 days interval would minimize the flower drop. Thrips, aphids, mites and pod borer are the
major pests in chilli. Spraying of monocrotophos at regular intervals should be done to protect
the crop from thrips damage. The crop is ready for first picking of green chillies at 115-130
days and that of red fruits at 160 to 165 days from the date of nursery sowing. Generally six
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pickings from the rainfed crop and 10 pickings from the irrigated crop are taken. Sun drying of
red chillies is the common practice in India. Mechanical drying of produce at temperature of
44 to 46°C in the air blown drier for 18 hours would impart deep red colour and glossy texture
to the fruits. The yield of the dry chilli for the rainfed crop is 660- 800 kg/ha and for irrigated
crop is 1000-1500 kg/ha.

2120, CHECK YOUR PROGRESS : MODEL ANSWERS

L. Mapthaline acetic acid is sprayed to minimise the flower drop of Chillies.
Colletotrichum capsici.

Pytlinm aphanidermatuim.

21.21. MODEL EXAMINATION QUESTIONS

I. Answer the following gnestions in about 30 lines cach.
1. Name the different varieties of chilli grown in AP, with their characteristic features.

2. Discuss the rafsing of chilli seedlings in the nursery and mainfield preparation to
transplant the seedlings,

3. Give 4 brief account of seed rate, spacing and manuriat and fertilizer schedules and
yieids of rainfed and irrigated chilli. Describe onc popular variety used in rainfed and
irrigated conditions in your tract.

4. Ihiscuss about the important pests eﬁ)diseases of chillies and damage caused to the
crop and control measures.

1. Answer the following ques@ns in ahout 19 lines each.
1. Discuss the improved %hods of drving of chilli.
2. Describe the symptoms of important pests of chilli.
3. Describe the control measurcs of important diseases of chilli,
4

Give the soll requirement, sowing seasons, and transplanting time for rainfed and
irrigated chilli,
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22.1. OBJECTIVES

After going through this unit you will be able to:

1. . describe the climatic and soit rcquwemcnts for -turmeric, gmgcr and conander

2. list out the important varieties of turmeric, ginger and coriander,

3, describe the method of preparation of 1and for all the three crops,
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4, describe the intercultivation practices,

list out the important pests and diseases and describe the symptoms caused by them ih all
the three crops and suggest the control measures,

6. describe the method of harvesting of all t'"hé'thre'e_ é;ops,
7. describe the process of curing and bleaching of ginger,

8. describe the process of storage of seed material.

22,2, INTRODUCTION

Turmeric {(Curcuma longa L.) is one of the important commeicial crops grown for un-
derground rhizomes. The cured turmeric is one of the common spices used in many.culinary
preparations. It is used in drugs and cosmetic industries. It is directly applied as a toilet by
Hindu women in South India. It is exported to other countries for the manufacture of some
dyes.

Raw ginger is commonly known as green ginger and is extensively used as condiment. Dry
ginger is used in many drugs and is being exported to foreign countries.

Coriander seed powder is one of the common condiments used in all preparatxons and is the
main ingredient in Indian curry powder. The green leaves are used to flavour curries, chutneys
and salads. Coriander seed i$ also brown for its medical properties.

22.3. TURMERIC

N
India is the targest turmeric producin@untry in the world. Andhra Pradesh is the leading
state with an area of 23,000 hectares ucing 60,000 tonnes, which accounts for 50 percent

of the century’'s production. The c?[ urmeric growing states are Tamil Nadu, Bihar, Orissa,
Maharashira and Kerala. In An adesh it is mainly cultivated in Krishna, Guntur, Cuddapah,
Kurnool, East and West Godavari, Nizamabad, Karimnagar, Srikakulam and Visakhapatnam
districts.

22.3.1. Climatic Requirement

It is a tropical crop and thrives well in humid warm weather. Hence there is a practice of
providing shade to the crop by inter-planting castor. It can be grown from mean sea level upto
an attitude of 1200 m.

22.3.2. Soil

The crop can be grown on a variety of soils ranging from red loams to clay loams. The crop
cannot withstand water logging or alkalinity in the soils. Fertile loamy soils having irrigation and
drainage fac111t1es are ideal for this crop.

22.3.3. Varieties
{a) Long duration varieties (8 months)

(i) Mydukar: The finger rhizomes are long and stout. The epidermis is dirty brown in
colour, outer core lemon yellow and the inner-portion deep yellow. This is popular in cuddapah
district. '

ii) CLL-328: It is a selection from Mydukur type. Rhlzomes are long, stout sinooth
and hard with pale yeltow colour. The curcumin (colour) content is 1.46 per cent. The yield
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ranges from 25 to 37 tonnes of raw rhizomes per hectare with curing percentage of 193. It is
the highest yielder in all zones of the state and resistant to leaf blotch. o

(iii) CLL-327: 1t is a selection from Tekurpet but resembles Mydukur type. : "Cu‘rcumin
content of rhizomes is 3.0 per cent. It gives equal yields to that of CLL-326. Curing percentage
* is 21.8 and it is resistant to leaf blotch disease. :

(iv) Duggirala: This {fariety is poputar in Guntur and Krishna districts. It is known for
its fast yellow coloured rhizomes. The average yield is about 25 tonnes per hectare. '

(v) Armoor: Popular in Nizamabad district. Rhizomes are known for fast yellow colouT.
Tts yield ranges from 12-18 tonnes per hectare. ' ' I

(b) Medium duration varieties (8 months)

(i) CLI 317: It is a éetecti_on from Amruthapani Kothapeta t'ypé. Rhizomes are-mediﬁin-“

long, thick with narrow constriction, Curcumin content is 3.8 per cent. Yield ranges from-25 to
35 tonnes per hectare and curing percentage is 19.6. It is resistant to leaf spot but susceptible
to leaf blotch. ' T o

-(ii) Kesari: This variety is popular in Cuddapah. and Kurnool districts. Rhiiomes are.

moderately long and thick and wrinkled. It's yield ranges from 15-25 tonnes per hectare. 1t is
susceptible to leaf spot. ' ' o ) C s g

(c) Short duration 'varietie‘s}'ﬁ( 7T months) - -

(i') CD 69 (Curcuma aromatica): It is a selection from Dindrigam type of Orissa. The

plant grows to a height of 50 cm with dark green foliage. Rhizosges are long and thin with shiny

skin and aroma. Curcumin content is 1.46 per cent. Its yiel ges from 15 to 20 tonnes per. .

hectare. Curing percentage is 26.7. It is tolerant to leaf sp@nd resistant to leaf blotch disease.

and thin with chagacteristic-aroma. The epidermi rown in colour with pink tinge and. the

(ii) Kasturi: It is popularin Agency, and Godgva%‘districts. The finger rhizomes are long -

core in rich yellow. Its yield ranges from 15-2{]®ncs per hectare.

Check Your Progress - 1
What are the two medium duration varieties of Turmeric?
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

.....................................................................................

....................................................................................

22.3.4. Seasons

: There is only one season for this crop. Planting commences in June and cbntinues upto
early part of August. The duration of the crop is 7 to 9 months and it is harvested in February
March. :

22.3.5. Preparation of Land

The land is prepared with the receipt of rains and brought to fine tilth by giving 4 to 6

ploughings. Before fast ploughing, farm yard manure at the rate of 25 tonnes per hectare is
applied.
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22.3.6. Planiing

‘Seed material preserved from the previous crop is used for planting. Both central mother
rhizomes and finger rhizomes are used for planting. It has been found that finger rhizomes yield
better crop than mother rhizomes. Mother rhizomes are cut into iwo longitudinal pieces before
planting. Finger rhizomes of 7 to 8 cm long with sprouting buds are selécted for planting. They
are dipped in (.3% Agallol Solution for 30 minutes and subsequently air dried.

About 2500 kg of rhizomes are required per hectare. They are dibbled behind the country
plough at 15 cm apart in the piough furrows spaced 30 cm apart. In low lying areas or clay soils
where drainage is a problem, planting is done in raised bed of 20 cm high 1.2 meter wide and 8-
10 meters long with 30 cm wide channels in between them. In red soils of Cuddapah a green leaf
much is spread in plots soon after testing for securing good germination and moisture retertion.
After 1 1/2 months the twigs are shaken and removed. The leaves gradua![y get decomposed
and 'mixed up in the soil.

22.3.7. Fertilizer Schedule

Turmeric is an exhaustive crop and required heavy manuring, Farm yurd manure at the rate
of 25 tonnes a hectare should be applied at the time of fast ploughing. Besides F.Y.M., crop
requires 180 kg N, 60 kg 1, O¢ and 120 kg K5O per hectare. Entire phs p“( rus, 1/3 nitrogen
and 1/2 potassivm should be dpplled as basal dressing at the time of piaring. Twe months after

planting top dressing with &0 kg N/ha is given before hoeing and weeding, Agoin at the end of
the 4th month a third dose of 60 kg mtrOfren per hectare and the rep:aininz 1/2 potassium is
applied.

22.3.8. Intercultivation 0

Thiee to four harrowings followed b@nd weedings are necessary in lizit seils. The plants
have to be earthed up immediately aftdpweeding. In black soils where ridge «nd furrow methods
of planting are adopred country p@g.h can be worked to remove the weeds and earthing up.,

Q

The number of irrigatinns given depends on the climatic conditions and type of the soil.
About 25 to 4( irrigations are required a & to 10 days interval. In light soils 40 irrigations are
needed with 6 to 8 days interval and in clay loams 23 irrigations are required with § to 10 days
interval. At the time of rivizomes development and maturity frequent irrigations are necessary.

22.3.9. Irrigation

22.3.10. Importani Pests and Biseases

A, Pests

1. Rhizome fly {Callobuta albimana)

Symptems: The maggots of thizome fly attack both turmeric and ginger. They feed inside
the rhizemes and cause severe damage and yield losses.

Control: Application of carbofuran at the rate of 25 kg/acre in two equal splits.

2. Thrips (Panchactoihrips indicus)

Symptoms: The larvac and adults suck the sap from the under surface of leaves and cause
curling and drying from the tips. The insects infest only turmeric.

Control: (a) Spray Monocrotophos (1.5 ml/litre) or Dimethoate (I ml/litre} or Phospho-
midon { 1 mi/lit),
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3. Turmeric lac wing bug (Stephantis typicus)

© Symptoras: The nymphs and adults suck the sap from the upper surface of leaves and
cause yellowing of the leaves. In severe cases the feaves dry up and fall off.

Controk: (a) Spray Monocrotophos (1.5 mlfitre) or Methyl dematon (2 faifiiite) or
Malathion (1.5 m}/litre}. S

B. Discases
1. Leaf blotch (Taphrina maoulans)

Symptoms: The lesions appear on both the surfaces of leaves and cover the majer portion
of the ieaf area under severe cases. The infected teaves become reddish brown as compared to
the golden yellow colour of healthy leaves,

Control: (a) Spray Bavistin (1 g,/liitre) or Dithane M-45 (2.5 g/lit).

2. Leaf spot (Colletotrichum capsici)

Symptoms: The lesions develop on both young asd old leaves in different siz-s as oblong
spots with grey centres, Large number of spots-dévelop and cover major portion of the leaf
vlade. The matured lesions appear as oblong brown spots with typical black concentric rinas.

Control: (a) Spray Bavistin {1 g/itre) or Dithane M-45 (2.5 g/hit).

#. Dthizome rot (Pythium sp}

Symptomas: This attacks both furmeric and ginger. The tips of leaves Ladnge to yeliow and
shloresis proceeds downwards resuiting in the death of the@vcs. The foot ef the plant and
rhizomes turn pale and the norti o aditie coove the 2ro 1e¥el becomes watery and soft. The
hizome oy get decomposed and changes o decrying Wadss of tissues.

Conirol: (a) Use of healthy seed-pieces, (l}%\i 1ch the soil with Bordeaux mixiure, (¢)
Tniiar spray may be given with Puinian (2 gflit)pr Withane Z-78 (2.5 aflitre).

Cheek Your Progress 2 and 3

2. Leaf batch of turmeric is caused by

Rhizome ot of turmeric is cauvsed by . ; .

Mote: (a) Write your aiswers in the spaces given above.

{b) Compare your anzwers with these given at the end.

23.2.11.  FHarvesting

The crop comes to harvest in 7 to 9 mentis depending on the variety, The maturity is
indicated by complete drying up of the plants. The dried leaves are cut and preservec for use
as fuel in curing rhizomes anid storing the seed material. A country plough is worked carefully
by the side of the rows so that rhizomes are lifted and thrown to 4 side without damage. In
Rayalaseema region the vhizomes are dug out with pick axe or ¢row bar. The average number
of fingers produc:d per plant is 16, The finger rhizomes are separated from the mather rhizome
(round) and promincnt adhering roots are removed. The seed requirement is set apart and
stored,

22.3.12. Curing

Curing of turmeric is taken up within 3 to 4 days after harvest. The mother rhizomes and
finger rhizomes are cured separately. The rhizomes are hotied in water Gl frothing takes place

o]
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and white fumes appear emitting a characteristic odour. The boiling appliance consists of iron -
pan of square shape 1.5 X 1.5 metre with a depth of 75 cm to take in four cubical immersions
of the iron buckets with nine perforations of each side. A lid is placed on the pan at the time
of boiling. Frothing commences after one hour of boiling and shortly after white fumes appear
pushing up the lid. The lid is removed at this stage and after emission of charaGteristic turmeric
flavour boiling is stopped. The rhizomes would be soft after cooking and allow the broomstick to
be easily pushed through which indicates the end point of curing. The material is then removed
and finger and round rhizomes are dried separately in the sun for 10-15 days till the material
becomes hard and stiff. The dried rhizomes are polished by rubbing against the hard surface
of drying floor or shaking them mixed with stones in long narrow gunny bags or by rotatirg
them in polishing drum. During the process.of drying and polishing the adhering scales and root
bases get separated. The outturn of cured product to fresh rhizomes is 25%. The proportion of
rounds to fingers is 1 to 4. The average yield of the cured products is 5000 kg/ha. '

22.3.13. Colouring
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The rhizomes are some times made attractive by resorting to colouring. This is done in
two ways, dry colouring and wet colouring, In the former method, a yeilow dye stuff known
as the middle chrome is slightly dusted on a small heap of polished rhizomes and well mixed
in water and the coloured solution is spririkled over small heaps of rhizomes and rubbed well.
The produce is then dried for a week. Wet colouring gives a better appearance for the ptoduce
vhich will fetch a higher price in the market. In some places turmeric powder itself is used for
this purpose. This i8 a better practice than using colours which are injurjous to the-health:of the
consumer, ' S : ‘ S

22.3.14. Storage of Seed Material -

From the time of harvest in March tilf the time of planting in June/Tuly the fresh rhizomes
are carefully preserved for planting. dterial is stored under the shade of the tree in loose
heap covered over with a layer of dpied Yurmeric leaves. The heap is generally left undisturbed
tifl planting season. In some places, tRe heap is removed after 1 1/2 months and spoiled rhizomes
if any are réemoved and again re ed. If there are no rains in summer, water is sprinkled once
over the heap during April-May. o S

224. GINGER (Zingiber Officinale Rose) .

This is grown in India, China, West Indies, Jamaica, North and West Africa, It is cultivated
to some extent ifi all the states of India particularly in Kerala, Gujarat and Bihar, In Andhra
Pradesh i§ grown in Visakhapatnam, Godavari, Nellore districts and Zahirabad area of Medak
district. The area in ather districts is highly localised and grown for green ginger. :

22.4.1. Climatic Requirements

Tt 15 a tropical crop and comes up well in warm and humid weather. It thrives well from mean
sea level upto 1600 metre elevations, It requires well drained soils. It needs enough moisture
for ifs growth. In all states of India it is grown under rainfed conditions. It is tolerant to shade
and is grown as an intercrop in coconut gardens, citrus orchards and banana fields. However,
shade is not essential for its growth. - 2 ' :

22.4.2. Seasons & Soils

Planting season is from April-May to middle June, Duration of the crop is 7 months. Crop
comes to harvest in December-January. '



Tl drained soils, heavy clay soils and soils with impervious layer are not suitable. Loamy
soils are best.. It is grown in light red soils and sandy loam soils. '

22.4.3. Varieties
1. Siddipet local: Suitable for Telangana region.
2. Tuni, Narsipatnam : Suitable to coastal areas.

These two varieties are low in fibre content, average in crop yleld and. susceptlble to disease.
They possess good quality. '

3. Rio de jenero (Brazil) : High in fibre. It can be vsed as a fresh ginger. Susceptible to
diseases.

4. Maran and Bhyri: High in fibre. Susceptible to disease,

22.4.4, Fertilizer Recommendations

120 N + 80 P,0q + 120 Ky O/ha. Farm yard manure at the rate of 50 tonnes/ha and 60 kg
P,0s/ha sheuld be applied as basal dressing. At 40 days after sowing nitrogen and potassium
at the rate of 30 kg each should be given as top dressing. At 80th day 60 kg N/ha and 50 kg
K5O/ha should be given and the final dose of 30 kg N and 30 kg KZO should be given at 120th
day followed by earthing up of the crop. .

22.4.5. Land Preparation and Sowing

The land is prepared to good tilth- ‘by ploughing 4 to 6 times depending on soil type. The
land is laidout in flat beds with alternate irrigation and dgaiyage facilities. The material for
planting should be free from discase. About 1000 kg igomes are required per hectare for
planting. The thizomes are cut into pieces of 10 to 25 hey are treated with 0.25% wettable
cerésan for half an hour. Sprouted pieces shou planted at inter row spacing of 45 cm
apart with 10 to 15 cm intra row spacing.. Cow&‘tan be sown along with gmger to prowde
shade and removed after 60 days.

22.4.6. Mulching

" Soon after planting, the beds are covered with thick layer of forest leaves to serve as mulch
to protect the crop agamst dashing rains and to reduce evaporation losses and to suppress the
weeds, The mulching is done twice or thrice. The undecomposed twings are removed and the
crop is given weeding before next month. The crop is thoroughly weeded before final earthing
‘at 120.days after sowing.

22._4.'7_. Irrigations

Irrigations are given at-4 days interval in summer and 6-8 days interval in post monsoon

period. During rainy season it may not be necessary to irrigate ginger crop if there is more than

- 2.5 cm rain in 12 days. During heavy rains care should be taken to see that there is no stagnation
of water in the field after the rain.

22.4.8.' Important Pests and Diseases on Ginger
APests ' o

‘Rhizome fly: These maggots are white in colour and stay in decayed Rhizomes. Good
cultivation practices should be adopted to avmd decaying of Rhizomes. Propor drainage should
be ensured.
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Skippers: These larvae fold the leaves and feed on the chiorophyll.

Control: Spray Carbaryl 50% W.P. at the rate of 2 g. per litre of water once in 10 days
depending on necessity. 500 Its. of spray fluid is required per hectare.

Shoot borer: These larvae bore on shoots, resulting in the death of the central shoot.

Centrsl: Spray Endosulfan 35% EC at the rate of 2 ml. in one litre of water. About 625
litres of spray fluid is sufficient for ene hectare. '

Root grubs: At the time of germination these grubs cut away the growing shoots.
Control: Dusting of BHC 10% dust at the rate of 25 kg/ha.

B. Diseases
Soft ret: Symptoms like drying up of the shoot and decaying of Rhizomes will be noticed.

Control: Treat the seed with Thiram 0.25% (2.5 g in one litre of water). - Afterwards,
spraying on'the main field can also control the disease to some extent,

Check Your Progress - 4
How do you contrel the shoot borer of Ginger?
Note: (a) Write the answer in the space given below.

(b) Compare your answer with the one given at the end.

...................................................................................

22.4.9. Harvesting

The crop gets ready for harvegoy the beginning of December, when leaves start withering.
In tine sown crops the rhizom e lifted by working a plough by the side of the rows. Digging
out the produce with a crow baMor pick axe or digging fork is largely adopted. The rhizomes
are then cleared free of mud and roots. :

The average yield of fresh rhizomes is 16,000 to 15,000 kg/ha. The bumper vield upto 40,000
kg/ha can be obtained under favourable conditions.

22.4.10. Curing and Bleaching

The outer skin on the surface of rhizomes are removed by scraping with bamboo pieces
sharpened like a knife and the cleaned rhizomes are dried in the sun. The loss of weight in
drying ranges from 75 to 80 per cent.

The rhizomes cured by the above simple process give a product. that is not attractive in
appearance. When a better produce is aimed at, the fresh rhizomes are first soaked in water and
the skin is removed thoroughly or by trampling in cement tubs in standing water during soaking
time. The water is frequently changed during the process of trampling. The peeled rhizomes
are washed well and soaked in clear lime water for some time. The rhizomes are then dried
in the sun for about a week, turning the drying material frequently to facilitate even drying. In
some places after soaking in lime water, they are spread in bamboq trays and fumigated for 12
hours with sulphur di-oxide by burning sulphur and then dried in the sun. The dried ginger is
rubbed on coarse gunny pieces to remove any portion of outer skin adhering to the rhizomes.
If the ginger is not bleached and white enough, it is again washed in lime water and redried.
Thereafter the rhizomes are sorted out according to colour and size.



22.4.11. Preservation of Seed Material

During harvest, healthy rhizomes are selected for use as seed for the next year’s crop. A
pit is dug in shade or in Verandahs of houses. A layer of sand or paddy husk is spread at the
bottom and rhizomes are filled. The mouth of the pit is closed with a wooden plank providing
some empty space over the ginger. The pit is scaled with a mud plaster. The pit is opcncd at
the time of sowing by which time rhizomes are ready for plantmg with sprouts,

22.5. Coriander (Coriandrum Sativum L.)

It is grown in Russia, turkey, palestine and Morocco. In India it is grown in ail states. In
Andhra Pradesh it is cultivated in an area of about 1 fakh hectares contributing sbout 32%
of the area and 42% production in the country. It is cultivated on extensive scale in Kurnool,
Ananthapur, Guntur, Prakasam, Krishnta, Medak, Adilabad and Ranga Reddy districts.

22.5.1. Climatic & Soil Requirement
Cool climate with low temperature and good amount of dew fall are favourable for the crop.

It is confined mostly to moisture retentive clay, clay loams and black cotton soils. Excessive
saline or alkaline soils with water stagnation are not suitable for this crop. it is grown fo a less
extent in sandy soils with irrigation.

The best season for cortander is Rabi. Depending upon the rainfall and soil moisture
availability, it is sown in October- November months.

22.5.2. Recommended Varieties in Andhra Przﬂg}b

The different varieties tht are recommended to@?‘a Pradesh, their duration and average
yield are given below

Variety Duration nw Average Remarks
days yield
kg/ha
1. CS-2 110 1300-1400 Cosmapoiitan
(Mid season grain ' _ ~ variety.
purpose)} _ :
2. CS-4 120 1400-1500 Cosmopolitan
(late dual puspose) variety.
3. CS-6 80 800-1200 Escapes from pow-
(Early type) dery miidew inci-
dence.
4, C8-5 100 1060-1260
(Smali grained) L
5. CS-7 130 800-1000 More for leaf. Bushy
(Late mainly for leaf _ _ fype.

and also grain)

22.5.3. Fertilizer Recommendation

In the last ploughing 10-15 tonnes of F.Y.M. along with 30 kg N/ha as a basal dose should
be applied in black cotton soils. In light soils it is cultivated under irrigated conditions. Besides
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FYM, 45kg N, 30 kg P,05 and 30 kg K5O have to be added. All phosphorus and potassivm
and 1/2 nitrogen should be applied in the last ploughing. The remaining half nitrogen should be
given 30 days after the sowing. o o

22.5.4, Land Preparation and Sowing

The land is brought to fine tilth by two to three ploughings followed by harrowings. The
quantity of the seed required per hectare is about 12-15 kg. The seeds are drilled with inter row
spacing of 30 cm. The sgeds are sown as split or whole seed. '

22.5.5. Intercultivation

The seed germinates in _aboﬁt 12 days. Thinning is done if necessary. The field is kept free
from®weeds by intercultivating with bullock drawn tyned harrow followed by hand weedings.

22.5.6. Pests and Diseases
1. Coriander aphid (Hyadaphia coriandri)

Symptoms: The nymphs arid adults suck the sap from he shoot and inflorescence and
secrete honey dew. S

Control: Spray Monocrotophos (1.5 mlfitre) or Phosphomidon (1 ml/litre} or Dimethoate
(1 mlflitre). '

2. Stem galls of coriander (Protomyces macroéporum)

Symptoms: The fungus initiates tumoag like swellings on leaf veins, stalks, stems and on -
fruits. The tumours are at first glossy ang . rupture and become rough. In severe cases of
infection the affected plants may be kill§

Control: {(a) Use of clean %&Zﬂthy seeds. (b} Field sanitation and rotation.

22.5.7. Harvesting @

The crop comes to flowering in about 45-60 days and matures in 100-130 days depending
upon the variety. The crop is sown using heavy seed rate with purpose of periodical thinning
and sold as green plants before flowering in places nearby cities. The crop is harvested when
70 percent seeds mature and turn to straw yellow colour, Harvesting is done by pulling out the
whole plants. These are kept in the field for 2-3 days and dried in partial shade to get good

~ colour and aroma from the grain. After threshing, the seeds are cleaned, dried and stored in
gunny bags. The average yield of coriander is about 800-1000 kg/ha,

22.6. SUMMARY

Turmeric is useful in many ways as a spice culinary preparations, as a drug and also as a toilet
in cosmetic industries. Ginger and coriander are used as condiments. Turmeric and Ginger thrive
well in warm and humid weather. Coriander requires cool climate. They require well drained
soils. Loamy soils are best for turmeric and Ginger. Moisture retentive clay and black cotton
soils are best for unirrigated coriander. There are short, medium and long duration varieties
in turmeric ranging from 7 to 9 months. The duration of Ginger crop is 7 months and that of
coriander ranges from 3 to 4 months. Turmeric and Gingers are sown in the month of June. The
coriander crop is sown in the month of October- November. For turmeric the recommended
spacing is 30 X 15 cm and 45 X 15 cm for ginger. Coriander crop is sewn by drilling at inter
row spacing of 30 cm. In some localities soon after planting, the turmeric and ginger fields are
spread with forest leaves to serve as mulch. Application of 25 tonnes of E.Y.M. 180 kg P704
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_and-120 kg K5O per hectare is recommended for turmeric. For Ginger crop 50 tonnes of F.Y M.
120kg N, 60%5 P»Og and 120 kg K5O per hectare is recommencled Coriander crop require 10
tonnes FY.M. plus 45 kg N, 30 kg P50 and 30 kg KO per hectare in light soils undeér irrigated

- cenditions.” Turmeric and Ginger rhtzomes are Ilfte& by running country plough by the sidé ..

rows or by crow barring. Corinander is harvested by pulling the plants. The fresh turmeric

rhizomes are subjected to curing process by boiling them in iron pans for about one hour till
frothing takes place and white fumes appear emitting a characteristic turmeric flavour, ‘Then
they are dried in the sun for 10-15 days till they become hard and stiff. Turmeric rhlzomes are
polished by rubbing against the hard surface or in polishing drum. During the process of drymg
and polishing, scales and adhering roots get separated. In some places colouring of polished
* rhizomes is done either by dry colouring or wet colouring. In turmeric, the out turn of cured
rhizomes is 25% of fresh weight of rhizomes. The yield of cured turmeric is 5000 kg/ha. In case
of Ginger the average yield of fresh rhizomes is 16,000 to 15, 000 kg/ha. Ginger.rhizomes are
subjected to curing and bleaching by removing outer skin by scraping with sharp bamboo stick
and soaked in lime and then dried in the sun. The yield of dried rhizomes would be 20 to 25 per
cent of fresh weight. In case of turmeric and Ginger since there is a gap of 3 to 5 months from
harvesting to the sowing of next crop, the fresh rhizomes are carefully preserved under shadc
The average yield of coriander seed is about 800 to 1000 kg/ha, -

92.7. CHECK YOUR PROGRESS : MODEL ANSWERS

The two medium duration varieties of Turmeric are CLI-317 and K_esa,ﬁ

Taphrina maculans

~ Pythium sp : 0

Shoot borer of Ginger can be controlled by sprayi:@n_dosulphan.

A S e

Protomyces macrosporumn ; _

22.8. MODEL EXAMINATION QU@HONS

‘I. Answer the following questions in about 30 lines =ach.
1. Describe. the different var;enes of Turmenc that are grown in A P.
2. Write brleﬂy about the different pests and dtseases Wthh attack Turmerlc
3. Give a detailed account of the curmg and co!ourmg of turmer;c

4. Write an €3say on the cultlvatlon of gmger Add a note on the pests and dISCaSBS which
attack it .

5. Write a brief account of the cultlvatlon of Conander and adcl a role on the pests and
dlseases that attack it

II. Answer the following question in about 10 lines éach.

1. What are symptoms of the diseases caused to turmeric? How do you conn ol them'?
2. Write briefly about the colouring process of turmeric.

. _3 ertc about the climatic and soil requlremcnts of gmger

) '.4 What are.the 1mportant pests and dnseases of gmger‘? Write about the causal orgamsms
o symptomatrlogy and control measures. - : : : ; :
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23.1. OBJECTIVES

After going through this unit you will be able to:

o e N e

6. describe the method of harvesting and differnet methods of curing the tobacco

7. list out the important pests and diseases, the causal org
caused by them and suggest the different methods of control,

describe the climatic and soil requirements of tobacco crop,

list out the different varieties used in Andhra Pradesh

describe the method of raising the nursery and the preparation of main field,
describe the process of interculture, topping and desuckering,

suggest the different methods of weed control,

232. INTRODUCTION

Tobacco is one of the important narcotics crop grown in India. This crop is grown for its
leaves, which are used after curing, The cured leaves are used for s

. or hukka, used as snuff or chewed in man
qualities of tobacco was accidently made by

Persia to Spain in 1492,
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anisms and describe the symptoms

for smoking pipe, cigar, cigarette
y forms. It was reported that the discovery of narcotic
Christopher Columbus in the course of voyage from



Columbus and his men also tried this themselves and were pleased with the infoxication
and took some seed and teaves with them to spain and that is how the tobacco was introduced
in Europe. Tobacco said to have been introduced in India by Portuguese in the begining of the
1'Mth Century A.D. As else where in the world, here too, it has thrived inspite of considerable
neglect and social disapproval. Its cultivation is now extends to all parts of the country, and it is
one of the most valued crops of India, though the area under this crop is enly 0.3% of the tota!
sown area.

Tobacco is grown under a very wide range of conditions, extending from tropical zone
to sub-tropical and temperate zones. In India, its cultivtion is widely distributed. The total
production of India is about 594 miiticn kilograms of leaf, from an area of 4.5 lakh hectares,
This producitn is second largest in the world, next only to united states of America. It earns
annually an excise revenue of 350 crores and foreign exchange of about 230 crores. In India it
is mainly grown in Andhra Pradesh, Gujarat, Tamilnadu, Karnataka, Bihar, West Bengal, Uttar
Pradesh, Orissa, Punjab and Kerala, Andhra Pradesh ranks first in area with 1.7 lakh hectares
and second in produciton with 93 million kilograms of Jeaf. At present 2/3 quantity produced in
India is exported. Tobacco ranks third among the excisable commodities and ninth among the
exportable commodities

23.3. SOILS

The type, grade and quality of tabacco produced are considerably influenced by the soil
characteristics, particularly the texture of the soil. Light soils (sandy loams) tend to produce {arge
leaves, light in weight and colour, mildl in strength and weak in aroma, where as leaves produced
on heavy sois is usually thick and heavy, dark coloured, strong and aromatic, However, certain
beedi tobaccos are not influenced by iight and hevy soil chara teystics. In general tobacco grows
best on sandy loam surface soil with asration, and high m re retentive eapacity. In India flue
cured virginia (FCV) tobacco cultivtion is confined 10 ay soils, sandy loams and red soils.
The area under black soil is to an extent of about, g0 of the total area under FVC tobacco.
In the districtrs of Prakasam, Guntur, Xrishna, %ﬁnd West Godavari, the FCV tobaceo is
extensively cultivated.

In addition to these soils, the FCV tobaco is d]aO grown on river bads of Khammam and
East Godavari, where the soifs are afluvial sitty loams with high fertility status. The FCV is also
grown on sandy loams (light soils) with irrigation in Karnataka and Gujarat. Beedi tobacco is
grown on alluvial soils in Chujarat, black clay soils of Karnataka and Maharashtra. Cigar and
Cheroot tobacco's are grown pn light soils in Tamilnadu. Chewing Tobacco is grown under
varying soil conditions, The hukkab tobacco is grown on alluvidl soils of Bihar, Uttar Pradesh
and West Bengal. The tobacco growing soils of India, in general are low in organic carbon and
nitrogen, hence these require about 20 to 40 kg N/ha.

The black soils of coastat districts of Andhra Pradesh are highly clayey with a moderately
alkaline pH {7.4-8.7). They are calcareous with 4.5 to 5.0 per cent free calcium carbonate. Their
water holding capacity is very high, of the order of 70 per cent, which enables growing of tobacco
in winter on the moisture conserved from the monsoon but these soils are churacterised by poor
drainage.

Moderately deep well drained red sols of Prakasam, Nellore and Parts of West (Godavari,
havirg moderate waterholding capacity produces ieaf of very good quality. The soils are neutral
in pH (6.7-75), free from any harmful soluble salts and are low to medium in fertility staus.

Natu tobacco is grown in West Godavari, Krishna, guntur, Prakasam, Khammam, Kurnool
and Anantapur districts, Visakhapatnam and Srikakulam disticts also grow Natu tobacco for
cheroot and chewing purposes, The soils growing Natu tobacco range from heavy black clayey
"soils as in Guntur to sandy and sandy loam soils of West Godavari and Srikakulam. Lanka
tobacco exclusively grown on alluvium soils of Godavari, which are characterized by high soil
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moisture retention. Burley tobacco is grown on black soils of Guntur and Prakasam districts.
Burley is also grown on red soils (Chalkas) of Warangal, Karimnagar, Nizamabad, Hyderabad,
Medak and Nalgonda districts under rainfed conditions. These soils are poor in organic matter,
Jow in water holding capac:lty and fertlllty status. The leaf produced from these qo:ls are of hlgh

quality,

234. CLIMATE

The climatic factors like rainfall, témperature, rélaitve humidity, wind and sunlight influence
growth and flowering of tobacco plants.. It canbe grown in regions where the mean temperaturcs
of 70-90°F prevails for a period of 80 to 120 days. In Andhra pradesh this crop is grown in
winter period-(September- February), when the temperatures are suitable. This crop is highly
sensitive to flooded or water logged conditions of soil because of lack of oXxygen in soil, essential
for the development of root system. Light soil, can be used for taking rainfed crop, provided the
rainfall is not heavy and the distribution is normal in the crop growing season. Light showers
in the early stages of crop after transplanting are beneficial, but light showers when the crop is
about to mature results in poor quality both in respect of grade and chemical composition of leaf.
The crop is susceptible to hail and storm. Relative humidity influences the quality of tobacco,
paricularly that of F.C\V. and cigar wrapper types. The fine, thin and elastic leaf is a product of
high relative humidity at the time of leaf maturation, The day time variations in relative humidity
and temperature from morning to mid-day influence the crop growth and quality.

23.5. VARIETIES

There ae about 60 species of tobacco, bu@ﬂy Nicotiana tabacum and Nicotiana rusticaare
cuitivated. In India, both species are groyitybut the largest area is under Nicotiana tabacum.As
Nicotiana rustica requires cooler climate Mt cultisvation is mainly confined to the northern -and
and north eastern areas of the ¢ such as Punjab, Uttar Pradesh, West Béngal, Bihar,
and Assam. The rustica vanet&known as Vilayathi and Calcutta have short plants with
round puckered leaves with w flower. The varieties of Nicotiana rustica are used for
hookah, chewing and snuff. They are not suitable for cigarette or cigars or bidies. The varieties
of Nicotiana tabacum, called as desi types have tall plants with long broad leaves and usually
have pink flowers, Specific varieties in Nicotiana tabacum are available for cigarette, cigar and
cheroot, bidi, hookah, chewing and snuff tobacco. Out of the total cultivable area under tobacco,
25% area is under FCL, 31% Bidi, 26% chewing and hookah, 1.5% Natu, 10.5% cigar, cheroots,
Lanka and Burley tobaccos.

In Andhra Pradesh mainly mgarette tobacco, Natu tobacco, Burly tobacco, B:d1 tobacco are

grown. .

Cigarei_:"té types _ _
The important cultivated varieties are: (1) Flue cured virginia special (ii) Central tobacco

research institute (CTRI) special (jii) Kanakaprabha, (iv) Dhana dayi (v) Delcrest (vi) Vlrgmla

Gold (vii) White gold (viii) 16/103, and (ix) GSH-3.

Natu tobacco types

The common cultivated varieties are: (i) Thoka AKu (N-I) (11) Karravithanam (Nz), (m)
Neeti, {vi) Kandukuripedda (v) Surakathi, (vi) Japalan, (vii} Enugu chevi, (viii) Kanusumeda
vithanam, (ix} Gorrekommu, (x) DG-3, (xi) NG-2 AND (xii) DR-L.

Burley tobacco types
Most comonly grown varieties are; (i) Burcly -21, (i) KY-8, (iii) KY-16, and (w) HDBRG
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'Bldl tobacco types

The widely adopted varieties are: (i) Anand-2, (ii) Anand- 23 (iif) Anand- 119 (iv) Andad-3

“and (v) K-20.

Suitabily of Cigarete types for vairous regions of Andhra Pradesh

Region

" Varieties recommended

Coastal Andhra Pradesh Black clayey soils
with normal or deficit moisture

Guntur and Krishna districts - Black clayey
soils with high moisture.

East and West Godavari and Khammam
districts northern light soils.

Prakasam and Nellore districts - Southern
light soils.

Riverside lankas

CTRI Special, Kanakaprabha FCV Speclal
Dhanadayl GSH-3.

Kanakaprabha, 16/103.

- 16/103.

CTRI Special, FCV Special, GSH-3.

CTRI Special, FCV Special.

Suitability of Natu tobacco types for vairous regions of Andhra. Pradesh

. Region

Varieties recommended

Guntur, Nalgonda, Mahaboobnagar and
Kurnool-black clay soils,

Krishna, West Godavari and Khammam-
Red sandy loam soils.

Visakhapatnam and Srikakulam ‘all soils.

Godavari and Krishna disi:ricts . River beds.

Thokkaku, ]@awthanam DG 3 DG- 4
and NG-

Neeti, % ukuri Pedda.

%{ uchevi, Kansumedavithanam, Gor-

ommu.

Lanka tobacco.

Smtablhty of burley tobacco types for various regions of Andhra Pradesh S

Region

Varieties recommendcd

East Godavari and Telangana districts of

sandy loam soils.
Guntur black soils

Burley-21.

KY-8; KY-16, HDBRG,

Suitability of cheroot and chewing tobacco types for vairous regions of _Andh’z_'a

Pradesh

Regions Type Varieties recommended

Kakinada "Cheroot Baru, Mattasam, Kuracha .
Vijayanagaram Chewing -Kurupam Tanga;apanam, Kanusumeda
Visakapatnam " : .
Godavari West Cheroot Lanka

Guntur Cheroot . Chebrole

Warangal Cheroot Nujivid, Desi, Natu.
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23.6. NURSERY

Taobacco seedlings ae raised on mursery beds and pianted in the mainfield after 6-8 weeks,
The aim of nursery raisifng is to get good number of healthy and vigorous sedlings. Well drained
light soils situated at high level should be selected for raising nursery. The soil shouid be
thoroughly prepared to get fine tilth. Raised seedbeds of 15 cm height are prepared with 1.22
m wide and 10.0 m length. If the bed width is more, weeding and waterifng to seelings become
difficult. There shouid be about 0.5 m wide channei for drainng out excess water. It is also used
irrigating the seedbeds and as a pathway for pot watering the seedlings. The tobacco seedlings
cannot withstand water logged condiitons even for short period.

The normal practice is to use a combination of organic and inorganic manures. Application
of groundnut cake at 80 kg/ha along with 30 tonnes of FYM/ha as a basal dose suplemented with
inosganic nitrogen of 5¢ kg N/ha as top dressings in split doses are recommended, Application
of 80-100 kg PZOSIha 23 basai dose is found to be more beneficial. The 50 kg N/ha has to
be given in five splits at intervals of three 1o four days starting from tenth day after sowing
Seedlings sheuld not be pulied out at least for a week after top dressing. The optimum time
for sowing is second fortnight of August. The seed rate is 2 to 4 kg/ha, The seed is smali in
size, $0 is o be mixed with sand for even distribution zt the time of broadcast in the nursery
bed. Before sowing, the seed can be soaked in 50 ppm Gibberlic Acid selution or in water for
overnight to soffen the seed coat which ensures good germination. It is allways better to drench
the seedbed before sowing with freshly prepared Bordeaux mixture to avoid damping-off and
other soll borne diseases in the early stages of seedling growth. Afgter sowing, the seed beds
are covered and compacted by pausing a stone roller. Watering of nursery beds is to be done
carefully till the germination is completed. 'Khéybeds shouid always be kept moist but not wet.
To minimise dislocation of seed from theeg, Tose cans can be used for watering. In the initial
stages 6-8 waterings are needed per day andthen can be cut down to four as the seedlings grow.
The beds will be covered with paddy s%or any other material to keep the beds moist and cool.
This cover also protect tender see from strong sunlight and beating rain action. Covers are
graduaslly thinned or rcmove@r germination. Normaily the seedlings are ready fo planting
at the end of 7th week. No watdYing is done 3-4 days before pulling to harden the seediings.

It is desirable to change nursery site every yer to minimise the incidence of diseases, pests
and weeds. If for any reason, it is not possible to change the site, the old site can be sterilized by
burning it with any available waste materiat like tobacco stalks, paddy husk etc. This will control
the soil borne disease causing organisms, pests and the weed seeds,

23.7. MAINFIELD PREPARATION

In most of the tobacco growing areas of Andhra Pradesh, the field is kept fallow till September.
In some areas a number of ploughings are giveri with country plough followed by harrowing to
keep the soifs in fit conditions to store maximum amout of moisture. Experiments involving
tiltage operations indicated that excessive tillage operations do not help in either improving the
yield or quality. One or two ploughings either with mould board plough or wooden plough, and
3 to 4 harrowings are adequate.

In deep black seils, which crack deep in summer and become very sticky with onset of rains,
deep ploughing during summer by heavy duty tractors soon after the removal of tobacco stalks
from the fietd at the end of the season tesulted in increased yield and guality. Huge soil clods
get inverted, backed in hot sun leading fo the destructin of weeds and pathogens. The clods
disintegrate te fine powder during rainy season. From June to August the land is ploughed to
break the soil clods. Two to three ploughings foilowd by harrowing are sufficient in the fields
that have been deep ploughed in the summer.

287



23.8. METHOD OF PLANTING

The position of plants in the main field is marked by running a marker in cross wise direction,
At the intersecting points the seedlings are planted carefuily. Sufficient moistre at the time of
planting is maintained for estbtishment of seedlings. The planting spots (Intersecting points) are
pot watered just before or prist to planting the seedlings, if there are no rains,

23.9. SEASONS

FOV : ‘Widdle of October to middle of November in Andhra
Pradesi.
Bid, : Middie of August to middie of September.
Cigar and Cheroot : Qctober to Tst week ot November.
Hookah  : Punjah - March.

Bihar - September to October.

Bengai - October to November.
Snuff and Chewing : Madras - QOctober to November

Kerala - Sentember to October

23.10. SPACING

The tobacco seedlings are always planted in rows. The spagihg varies with the type of tobacco.
FCV : Black soils 90 X 60 cm O
Light soils : 60 X 30 cm ?“
Natu : 80 X 30 cm Q..
Cigar and cheroot @ 73 X 56 cm %
Chewing : 75 X 75 cm,
Bidi : 100 X 75 cm {Gujarat)
105 X 45 cm (Ksrnataka)
61 X 45 em (West Bengal)

Gapfilling 1 Gaps have to be filled within 10 days of planting.

23,15 INTERCULTUR

2

The object of various inter cultural operations adopted for successful cultivation of the crop
is to keep down ine weeds, create muich and prevent cracking of the soil thereby to conserve
the soil maoisture and aisa to aerate the soil,

1. F'lue cure tobacco

(a) Traditional black clayey seil: Three to four intercultures starting about 3 weeks after planting
wiil be sufficient.

(b) Northern fight soils: First intercuiture is done with tyned harrow after the seedlings are well
established.
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(c) Southern light sols: Interculture has to be taken up after each rain to prevent hardening of
the soil,

(d) Karnataka state transition belt: Two intercultures with tyned harrow have to be given 3-4
weeks after planting.

II. Natu tobacco (Rainfed) : After the establishment of seedlings, interculture is carried
out 4-6 times either with tyned or blade harrows.

III. Beedi tobacco : Five to eight intercultures have to be given.

IV. Cheroot tobacco (Lanka tobacco) : Three to four intercultures starting after 3 weeks
from planting will be sufficient,

23.12. TOPPING AND DESUCKERING

The operation of topping consists of removal of the terminal bud just before or soon after
the emergence of the flower head. Following topping axillary buds become active and put forth
shoots known as suckers, Removal of these suckers is called desuckering. The object of topping
and desuckering is to divert the nutrients of the plant to the leaves instead of flowers and seeds,
with the resulting gain in the size and body of the leaf, thus increasing the yield and quality of
the tobacco.

Maximum cured leaf weight was obtained under normal topping at the opening of 1st flower
compared to low topping (done at the same tigne but two more leaves removed) or no topping.
However, FCV tobacco grown in light soils ly topped but not the same tobacco grown in
heavy soils or ferti- soils. Two or three ckerings are generally carried out as the suckers
reach a convenient size for handling. Fhe Stickers are removed by hand ploughing. The suckers
alse can be controlled by applying ggm8val of suckers. The oil will inhibit the development of
axillary buds, If there is rank g oﬁ”of crop, high and late topping are advocated. For FCV
the topping is to be done at l@th leaf, for Natu tobacco 14- 16th leaf, for cheroot (Lanka)
tobacco at 12th leaf. For burley tobacco, topping was done at 21-24 leaf level, 14-16 leaf level
and 23-26 leaf level in East Godavari, Guntur and Telangana respectively.

23.13. - WEED CONTROL

The weed problem is not severe in tobacco compared with other commercial crops like chillies,
turmeric sugarcane, as this crop is generally grown as rainfed crop during monsoon in red soils and
depending on residual moisture on black cotton soils without irrigation.. Physical and mechanical
methods of weed control are very popular compared to chemical methods. Weeds occur in
tobacco both in nursery and main field. The important weeds are Vernonia sup, Physalis spp,
Euphorbia spp, and orabanche spp. The critical period for weed competition is the first 9 weeks
after planting.

The safest and economical method of weed control is the mechanical method of weed control.
In the nursery hand weeding is effective. In the transplanted crop, inter row cultivaiton is possible
because of wider row spacing. Hence one or two cultivations followed by hand weeding to remove
weeds growin close to tobacco plants can give adequate weed control. Further intercultivation
with tyned gorru followed by blade harrow is a regular practice to conserve the moisture.

Orabanche is a complete root parasite and causes reduction in quality and yield of tobacco.
Deep ploughing, occasional sub- soiling, adequate irrigation and fertilization to the crop reduces
the incidence of Orabanche. Trap cropping with pepper is another useful .neasure, Chemicals
like GR-7, GR-24, GR-21 can be used to stimulate the germination of the weed and its ultimate
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death, Glyphosate (0.2 kg a.i/ha) *erbutol (2.5 kg a.i/ha), allylalchohol (0.2% spray) are some of
theé herbicides recommended. Weeds not only reduce yield of crop but also the quality.

24,14, IRRIGATI_ON

It can tolerate drought more than excess moisture. The total water requirements of crop is
about 500 mm, The seedling, preflowering and flowering stages are the critical for moisture.

Tobacco grown in sandy loafh soils of ‘Godavari district receives 6 to 7 irrigations and tobacco
in river side lankas receives 3 irrigations between 30 to 60th day after planting. One irrigation
at 7 weeks after planting was found to keep the soil moisture above critical level, as compared
‘to irrigation in' the 4th or 9th week. Under Rajahmundry conditons, it is found beneficial to
irrigate cigarette tobacco. in black soils to field capacity when 40% of available soil moisture is
depleted. If the chloride content in irrigatin water is more than 50 ppm in light soils, and. more
than 30 ppm in black cotton soils is harmful to the crop.

Proper scheduling irrigations to tobacco not only to ifcrease the yleld but also the quahty
of leaf, Excess irrigation can lead to deterioration in quality, o

Generally a major part of water needed by the crop is supplied by the stored soil moisturé
and the remaining qu'antity is to be met partly by rain and irrigation.

23 15. MATURITY OR RIPENING

Some of the early maturing varieties are ready by 60th day fer yriming. The leaves which have
completed their growth and are turning from green to yellgtish green or slightly yellow in colour
are detached from the plant. Process of detaching of matubed leaves is known as priming. In bidi
~ tobacco development of mottling or sprangling as ’S%ﬁent character that has to be observed
before the tobacco is harvested. In cigar or chero&‘mbacco yeilowing of top and margin, and
brittleness of the leaf are indications of maturi ' '

1t takcs -about 70 to 75 days frorn plantmg for the crop 1;bl:n: ready for the first primirig.

23.16. HARVESTING

Essesntially there are two methods of harvest namely priming and stalkout method. In stock
“out method the entire plant is cut at once, At each priming 2 or 3 or more matured leaves are
harvested (detached from the plant). After the commencement of the 1st priming, subsequent
primings are taken in about 6 to 7 days interval unless affected by rains. The entire harvest
is completed in 6 to 8 or 10 primings depending on the leaf number and climatic conditions.
Leaves harvested on the immature side care green while those harvested on the over mature side
lose weight and produce more scrap on curing. The most desirable physical and chemical quality
characteristics were found in leaves harvested at the correct stage of maturity. Cigar, cheroot,
chewing and hookah tobaccos are harvested by the stalkout method. In this method plants are
cut close to the ground with a sickle and generally left in the field overnight for wilting.

Bidi tobacco is har_vested by one of the following methods.
1.- Leaf wise method: Only mature leaves are picked and placed on the ground faee down.

2. Whole plant harvest: After harvesting the wholeplant, they are kept inverted at some place
for drying.

3. Gugro method: Gréen_ lamina of the mature leaves is stripped off leaving the midribs
attached to the stem. Midribs and bark of the stem are removed from the stem later.”

4. ‘Lilvo’ method: Fully matured leaves are strung in business of 4 to 5 with a coir string.. '
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23.17. CURING

Curing usuatly refers to regulated drying of harvestged fresh tobacco leaves under controlled
conditions of temperature and humidity, such that the end products possess desirable colour as
well as physical and chemicai qualities. The purpose of curing is to produce dried leaf of the
required physicat and chemical properties. The success of curing depends on the condition of
the harvestged leaf {(brushed leaf does not cure properly) and its degree of maturity. Curing
temperature, humidity and ventilation are the principal factors which contrel the essential
biochemical processes.

The different types of curing are: (1} Flue curing, (2) Air curing, (3) sun curing, (4) Pit
curifng and, (5) Fire curing,

23.17.1. F¥lue Curing

Cigarette tobacco is flue cured. The harvested leaves are taken to the shade and strung in
bunches of 2 or 3 leaves according to their size on to bamboo sticks about 1.5 m long and 2 to
2.5 cm in diameter with the peticles of the leaves on the upper side, the leaves hanging back
to back. Each stick holds 90 to 105 leaves and about 700 sticks are loaded in 16'¢ 16" x 16’
barn or 810 sticks in 24" x 16" x 10-1/2" barn, Before stringing, it is desirable to grade the leaves
into yellowish (over mature}, light green (mature) and green {immature) grades. The leaves are
loaded into the barn before the evening of the same day in such a way that immature leaves
are placed on the top tiers and over mature leaves in bottom tiers, the remaining occupying the

central portion. 0

The fuels used for heating the barns a@ther coal, wood or paddy husk etc. The temperature
is raised by not more than 1-2°F per reaching 105°F by the time leaf becomes yellow and
is-raised in such a way that yeilo s nearly completed by the time it reaches 105°F. Top
ventilator of barn is left very slight gaps. After yellowing, other curing processes include, colour
fixing and leaf and stem drying.\he progressive total time required for completion of all these
curing processes are 88 to 101 hours. The temperature required for yellowing is 85-105°F, and
the time required for completion of this process is 30-40 hours. For fixing colour 110-125°F
temperature is maintained and is completed in 5 to 10 hours. At the time of colour fixation
bottom ventilators of barn are -opened at the base partially. Next for leaf drying 125-130°F
temperature, for a period of 20-27 hours are essential. At the later part of jeaf drying, for a
period of 20-27 hours are essential. At the later part of leaf drying, the ventilators will have to
be closed completely. Finally, for stem drying 160°F is maintained for 16 to 17 hrs.

After the curing is over the fire is put off. Aliow the barn to cool down keeping the
ventilators closed. During fiue curing, most of the moisture content of the [eaf which is abotit
77-80% of the green leaf is lost and 12-16% of the original dry matter is also fost. Bring the
teaf to proper condition for handling, by opening the ventilators. Then the sticks are removed
from the barn and after bulking they are heaped with the sticks. The bulked ieaf is redried and
aged with fermentation process.

After that, Jt js graded according to the colour and other quality characteristics prescribed.

23.17.2. Sun Curing

Cigar and chewing tobacco plants are strung on bamboo poles and suncured for about 15
to 20 days. Natu tobacco leaves are strung with jute thread with a needle and sun cured on
scafiolds for 1- 1/2 to 2 months. Bidi tobacco plants are cut and left upside down to dry on the .
spot.



23.17.3. Air Curing

Hookah tobacco is air cored. In Andhra Pradesh, ianka tobacco_leaf is cut with scme portion
‘of the stem, strung on ropes in a shed and air cured for about 2 to 2-1/2 months. Afterwards
they are pii cured.

Buorley tobacco leaves are primed, strung on a jute string and secured on a hamboo stick.
The sticks are transferred to barns. High relative humidity is maintained {70 to 80%) during
curing for wrapper.

23.17.4. Pit Curing

Pit curing is done for Lanka tobacco, Hookah and chewing tobacco. This is done after
subjecting the leaf to air coring or sun curing. For lanka tobacco, pit curing is done in eylindrical
pits of 1 to 1.5 m deep and 1.5 to 2.5 m in diameter. Two such pits are needed to cure the
leaf harvested from 2 hectare area. Sides and bottoms of the pit is smoothened and tobacco
strings are arranged in circular layers gne above another. The pit is half filled and covered with
palmyrah leaf and soil over it to make it air tight. Afier 24 hrs. the pit is opened and the
leaf transferred to the second pit and covered. This pit is opened after 48 hrs, and the ieaf is
transferred to 1st pit and kept for 24 hrs. By this time the desired colour will develop.

Check Your Progress - 1
What &e the different methods of curing of Tobacco?
Nete: (a) Write vour answer in the space given below,

(b) Compare your answer with the one given at the @. '

B e e D

...................................................................................

23.18. QUALITY

In the produciion of tobacco emphasis is always iaid on quality rather thar guantity of the
leaf. The quality requirements in different types of tobacco are as follows.

1. Colour

2. Size

3. Texture ( the fineness and elasticity of the leaf)

4. Nicotine content

5. Burning property

6. Aroma

7. Sugar content and

8. Filling quality (the number of Cigarettes made from a kilogram of tobacco).

23.19. YIELD

(i} Flue cured virginia tobacce: 1000-1500 kg/ha
(i) Other types of tobacco: 2000-3000 kg/ha
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23.20. IMPORTANT PESTS AND DISEASES OF TOBACCO

" A, Pests

1. Tobacco cater pillar (Spodoptera litura)

Symptoms: The larvae feeds on the lower surface of epidermal layers of tender leaves and
tender shoots by scraping. In the later stages of infestation irregular holes are formed on leaf
blades. In severe cases they eat the whole of the leaf blade leaving aside only petioles and veins.

Control: (a) Coilection and destruction of egg masses, (b) Clipping and destroying of leaves
containing swarms of young larvae, (¢) Spray Chloripyriphos ( 2.5 miAitre) or Monocrotophos

- (1.5 miflitre)} or Fenvalerate (0.5 mifitre).

2. Green peach aphid (Myzus persicae)

Symptoms: The aphids harbour in large numbers on the lower surfaces of leaves and suck the
sap. The sucking resuits in curling and yeliowing of leaves. The aphids also transmits tobacco
ring spot virus and Rosette disease.

Control: Spray Monocrotophos (1.5 mMlitre). or Dimethoate (1 mi/litre) of Phosphomidon (1
mifit),

3. Tobacco stem borer (Phthorimaea helipa)

Symptoms: The larvae bores into the stem and causes gall; ! formation. The gall, when split
open, contain larvae. The plant growth is stunted and unusual branching at the top is observed

Control: Spray Monocrotophos (1.5 ml/lit) O@'ﬂodan (1.75 mg/tit) or Fenvalerate (0 5 mlfit),

4. White fly (Bemisia tabaci)

Symptoms: Nymphs and adults Ysap from leaves and secretes sugary substances. Sooty
moutds develop on the sugary s etlon and leaves black growth. The flies also transmit tobacco
mosaic virus.

Control: Spray Monocrotophos (1.5 mliflitre) or Dimethoate (1 miflit).

5. Shoot bug (Nesidiocoris tenuis}
Symptoms: The bugs suck the s'ap from the tender portions and as a resuit leaves turn yellow.

Control: Spray C}ﬁoripyriphos (2.5 miflitre) or Monocrotophos (1.5 mi/lit).

" 8. Root knot Nematode (Meloidogyne sp.)

Symptoms: The nematode attack the roots and causes galls or knots on roots. The infe_station
results in stunted growth and chiorosis of the leaves.

Control: {a) Application of nemagon at 2 gallons/acre. (b) Application of Porgamia leaf, castor
cake and FYM. '

~ B. Diseases
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1. Damping off (Pythium aphanidermatum}

Symptoms: The plants are generally affected from young seedlings stage to transplanting.
Smalt water-soaked lesions appear on the stems and girdles the stem. The rotting from the stem
may spread to roots and leaves. In severe cases entire nursery beds may be affected.

Control: (a) Spraying or drenching with 1% Bordeaux mixture or Fytolan, Miltox, Shell opper



in 0.2% concentration two days before sowing at the rate of 10 to 15 liters.per sq. meter with
rose can, (b) Spray Dithane M-45 and Blitox at the rate of 2.5 gflitre at fortnightly intervals. (c)
Provision of adequate dralnage to the nursery beds. (d} Partial sterilization of nursery beds by
burning trash.

2. Black shank disease (Phytophthora parasitica)

Symptoms: Small black spots a;ipk:ar' and spread on the stem causing irregular patches and
often girdiing the stem. The infected tissue shrink and leave depression and stems shrivel and
finally plants get wilted. ' ' :

Control: (a) Spray Dithane M-45 (2.5 gflitre) or Bavistin (1 g/lit), (b) Burn the plant residues
and debris, (c) Provision of adequate drainage to the field.

3. Frog-eye leaf spot {Cercospora nicotianae)

Symptoms: Brown lesions with ash grey centres appear un lower leaves. The typical Iesnon of
the disease resembles the eyes of frog. It has white centre, surrounded in succession by grey and
brown portions, surrounded by a dark brown to black margin. In severe cases many spots may
coalesce and results in drying starting fromm the margins,

Control: Spray the nursery with Dithane M-45 (2.5 g/litre) or Bavistin (1 g/litre).

4. Powdery mildew (Erisyphae cichoracearum var. nicotianae}

Symptoms: The disease initjates first on the lower surface and sp.reads upwards. With the
advancement of the disease the affected portion show scorched appearance and turn brown. The
fungus causes severe yield losses,

Centrol:. (@) Dust sulphur dust at the rate of 10-12 kg/ac b) Removal and destruction of
affected old leaves. . .

Symptoms: .The.crop is suscept_lblc at all th ges of growth; including nursery. The lessnons
are black with yellow halo and are bound by ¥einlets. Several such lesions may coalesce and
results in blighting,

5. Angular leaf spot (Psuedomonas angulata

Control: Field sanitation.

8. Tobacco Mosaic 1 virus (TMV)

Symptoms: Starts on young leaves as light discolouration along with veins. Afterwards the
leaves develop typical light and dark green patterns and the dark green areas usually associated
with the veins. In severe infections the leaves become narrow and thin and malformed.

Control: (a) Rogue the diseased plants and destroy, (b) Growing resistant varieties, (c) Workers
sho_uld wash their hands after weeding.

Check Your Progress - 2, 3 and 4

2. The Scientific name of root knot nematode of tobacco is

3. Frog eye leaf spot of tobacco is caused by _

4. Powdery mildew of tobacco can be controfied by dusting
Note: (a) Write your answers in the spaces given above.

{b) Compare your answers with those given at the and.
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23.21. SUMMARY

‘Tobacco leaves after curing are used for smoking, snuffing and chewing. The area under
cuitivation of this crop is largest in Andhra Pradesh than any other state in the country. The
crop grows best on well drained loose and friable sandy loam surface with loamy to c¢layey sub-
soit having high moisture retentive capacity. In Andhra Pradesh, this crop is grown in winter
(September-February) season. Excess moisture, the day time variations in relative humidity
and diurnal fluctuations influence the crop growth and quality. In Andhra Pradesh mainly
the Cigarette, Natu, Burly and Bidi tobacco types are cultivated. In the districts of Prakasam,
Guntur and Nellore, the Flue cured virginia tobacco s extensively grown. Seedlings are grown
on raised seed beds and transplanted in the mainfield after 6-8 weeks. Watering is not usually
done for 3-4 days before pulling to harden the seedlings. In the main ficld the seedlings are
planted at intersecting points marked by a marker, which was worked in cross-wise direction.
The seedlings are planted carefidly, at the integsecting points, after pot watering if there is no
sufficient moisture in the soil. The spacing varies with the type of tobacco. The gaps, if any,
have to be fifled within 10 days of planting. Interculture is carried out for 5-6 times o coniroi
the weeds, and to prevent hardening or cracking of soils. The aim of topping and desuckering is
to divert the nutrients of the plant to the leaves instead of flowers and seeds, resulting in gain of
size and body of the leaf, thus increasing the yield and quality of the tobacco. The competition
between crop and weeds are severe in the first nine weeks after transplanting. Weeds not only
reduce crop yield but also the quality. The crop can tolerate the drought better than tc excess
moisture. The total water requirement of crop is about 500 mm. The seedling, preflowering
and flowering stages are sensitive for moisture stress conditions. The crop is harvested when
the leaves turned from green to yellowish greemor slightly vellow in colour either by detaching
(Priming) leaves from plant or by cutting the t (stem cutting). The most desirable physical
and chemical quality characteristics can btair:ed when the leaves harvested at correct stage
of maturity. Propér curing is always g for guality of tobacco rather than quantity. Seed
bed sterilization by buring with Waﬁﬁrials, ,drenching with fungicides will control the soil
borne diseases. Crop rotation isgec@mmended for control of diseases and parasitic weeds {ike
Crabanche spp. Protecting the from disease and pest incidence is essentiat for obtaining
quality leaf. :

23.22. CHECK YOUR PROGRESS : MODEL ANSWERS

et

The differcnt methods of curing of tobacco are: (a) Flue Curing, (b) Air Curing, (¢} Pit
Curing, {d} Fire Curing.

2. Meloidogyne sp.
3. Cercospora nicotianac.
4. Sulphur.

23.23. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each,
1. Give the detailed account of suitable soils for cultivation of different types of tobacco?
2. Write in detail the influence of climatic factors on growth and quality of tobacco?
3. Narrate in detail how the tobacco nursery is raised?

4. Describe in detail flue curing process of cigarette tobacco?



5. Give a detailed account of weed control measures inciuding chemicat weed controi in
tobacco?

6. Write the nature of damage (symptoms) and suggest contiol measures for the major
insect pests of tobacco?

11. Answer the following questions in about 10 lines each.

1. Write about the suitability of cigarette and burly types for various regions of Andhra
Pradesh. . ’

2. Write about the suitability of Naty, chewing and cheroot tobacco types for various
regions of Andhra Pradesh.

. Write about the harvesting method for tobacco types.

. Describe the Sun curing, Air curing and Pit curing methods in tobacco.

LI < S |

. Give an account of weed control with special reference to Orabanche spp. {Broom
rape) weed?

4. Write on itrigation requirernents of tobacco crop?

L2

. Describe the sympioms of Damping-off and Blackshank diseases in tobacco.
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24.1. OBJECTI |
24.1. OBJECTIVES 05?“

g

N\

After going through this unit y@will be able to:

1
2
3
4,
5
6

describe the climatic and soil requirements for mango,

list out and describe different varieties of mango,

describe the method of propagation planting and after care of mangoes,

list out the manures and fertilisers for mangoes and the method of their application,
suggest the method for the control of mango fruit drop,

list out the important pests and diseases, the causal organisms and describe the symptoms
caused by them and suggest the control measures for each one of them, and

describe the method of harvesting of fruits, artificial ripening, and storage of fruits.

24.2, INTRODUCTION

Mango is the most popular and delicious fruit of the tropics. In India it is being considered

as one of the excellent and choicest fruits occupying 65% of total area under fruit crops. It
is also cultivated in South East Asia, Egypt, South Africa, South East Africa, Israrel, tropical
Australia, USA (Hawaii and Florida), Mexico, Brazil, Cuba and Islands of West Indies. The
area under mango in India is about 7,48,000 hectares with a production of 69,88,000 tonnes of
fruits. Uttar Pradesh, Andhra Pradesh, Bihar and West Bengal are the leading states that are
growing mango.
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Andhra Pradesh ranks second in the country both in area (1.5 lakh hectares) and production
(19 lakh tones). It is known for its contribution to the national poot a large number of
commercial varieties like Banganpaili, Alampur, Suvarparekha, Neglam, Mulgoa and several
juicy varieties like Peddarasam, Chinnarasam, Navaneetham efc. In Andhra Pradesh, Krishna,
East and West Godavari, Vishakapatnam, Vizianagaram, Srikakulam, Chittoor and Cuddapah
are the important districts that are growing mango.

243. CLIMATIC REQUIREMENT

Tt comes up well both under tropical and sub-tropical conditions. Eventhough they are
found growing upto an altitude of 1400 meters, fruiting is less above 500 meires. The optimum
temperature for mango is 24°C to 27°C. If the temperature is below 1°C, the mango plants
are adversely affected or may get killed by frost. So it is not advisable to go for commercial
mango orchards in regions of frost occurrence. There is a close srelationship between high
temperature and increased percentage of perfect flowers and low temperature with decreased
nmumber of perfect flowers. Because of this reason some of the South Indian varieties had less
perfect flowers under North Indian conditions. Early onset of high temperature results in early
flowering and fruit ripening,

Timing of rainfall is more important than the total amount of rainfall. It grows weli in regions
receiving anrmual rainfall of 250 mm as well as 2500 mm. In regions receiving more than 750 mm
rainfall i®#can be grown with little or no irrigation. One of prerequisites for successful mango
cultivation is the absence of rain during flowering time. Rainfall at flowering not only washed
away the pollen which adversely affects the fruit set but also encourages greater incidence of
mango hoppers, mealy bugs and diseases like powdery mildew aqd anthracnoese which sometimes

.damage the crop completely. Cloudy weather and high humMity encourages greater incidence
of such pests and diseases and also interferes with the ac of pollinating insects which intum

affect the fruit set. In regions of high temperature and Y&e rainfall with high humidity persisting
throughout the year, there will be no distinct p f vegetative growth and flowering and
hence bearing will be poor. Areas exposed to@h velocity of wind during the fruiting period
are not suitable for. mango cuitivation.

24.4. SOILS

It requires well drained soil. Inill drained soils, the trees will become chlorotic and vegetative
so that flowering and fruiting are adversely affected. Thus areas frequently subjected to fioods
are not suitable for mango cultivation. It requires deep soils of 2 metre depth. Loamy soils are
best. Red soils, medium black soils and laterite soils are also suitable for mango culiivation. The
water table in the soil should.be below 180 cm to the surface soil and pH of soil should range

“between 5.5 to 7.5. The soils having pH.more than 8.5 are not suitable for mango cultivation.

24,5. 'VARIETIES

There are hundreds of varieties in mango out of which only a few have commercial importance.
Different regions of the country have their own commercial varieties because there is no single
variety which performs equally well in all the regions having different sets of climatic factors. The
varieties Which are commercially grown in north India are Bombay green, Langra, Dashehari
and Samar-behisht Chausa. The following varieties are popular in Andhra Pradesh.

1. Banganapally (Beneshar, Safeda): It is a leading commercial variety in Andhra Pradesh.
It is best suited to dry condition. Tree medium, fruit large, skin thin, golden yeliow, flesh firm to
meaty, flbre-less, fruit quality very good, bearing heavy {(in terms of fruit weight), regular, late,
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’!'u, Top btaﬂtf‘ fooir St vear and gaod yteid* fmm idth:year, moderate!y tolerant tc heppcrs and -
_wrms **eem.:g ouaiity good, . . :

L _.’I‘utapa*i (Dangalore, Collector, Lord, Chittoor mamidi}: Most popuiar in Chittoor area, slowly
- replasing Ba"lgunapa:ly i Nuzuvidy area due io its earlier bea:mg {crops in 3rd year and good

S L;ieids from §th year), more regalar and heavier vield. Tree medium, {rait medium to large, skin
__-";hiuk goiden corn cofour, flesh fiom, fibreless. Fruit quality poor to medinm. Tree brittle and
. more susceptible to cyclone damage as compared to banganapally, less tolerant to hoppers than
; -.'B‘s!jzgandgai[ v, Fruit keeping quality is excellent.

 Buvernarekba (Lal Sundari); Popularin Srikakuiamn and Visakhapatnam districts, tree medium,

 fruit medium, Skin medive: thick, flesh soft, fi breless, fruit guality medivin: to good, ‘bearing

heavy and regular, carly in. coastal area apd. midseason at Sangareddy, moderately tolerant to
hoppers, siightly susceptibie to mwdﬂ"y meldew. Kecping guality is good,

: .__:?Je-fn.ma Latz varlﬂty, nﬁore nopul.zr'm Southern districts of the Stale, tree mcdiﬁm fruit
. -mediem, skin medium thi ick, vellow, flesh § b;eieas frait quality good, bearing regutar and hieavy,
iate; g=vca & tecond croi} (Sﬂptemaer{)c?obe;) in-aréas like Kodur, Keeping. quai ity is Very good

'_sgsheﬂar:a Aime of the jeadMng commermal varieties of North-lndla sultcd for 'growxng in
- Western. districts of Telangana and trading with North. Tree medium, freit small to mediinn,

- skin edium thick yellaw, fosh fivmn, fibreless. Fruit quality is very good £o best, irreguiar bearer,
: }JC?N? a’?d mldsm ,:;as:f‘msb‘é* {o .13*‘{*3:‘@ 3m‘i powdery mildews keeping guality is very good :

. ﬂdda‘"as‘a—m "’ouul ar in Gedavau and’ Knshna Districts, trée mediam, fruit large greenish
: »Lliu‘w when tipe, juice al;undant f}braus su@d ic; bearing sarly, fairly regular. Keeping quahty
a-;s poﬂr - L

"‘hnnarasamf ?op:l.ﬂr m I\nuzuvz __ ___',rea I‘rce mcdlum fﬂ.nt medtum juice abundant
.__(hcfdﬂncl'lﬂﬁi{} SiTong q{ax ur o / is very ﬂood beafmg regnlar and. heavy, midseasen to

.‘Qcp}ng quautv 15 %

| Navaneatzm: Tzef- mcdm-.- to farge, fruit medivm, juice abundant, fibre short and soft, fruit
guality is very g7 04, bearing regular and heavy, midseason, susceptible to powdery miidew and
" maderately tolerani to hoppers. Keeping quality is poor,

< Mahmoosde {Vikarabad): & diawf variety suited for high density planting, Tree smiail, fruit
- iedium, skin fhin, vellowish green, fresh moderately firm, fbreless, fruit quaiity is very good,
bearing reg "':‘9 neavy and midseason to late, susceptible to hoppers, tolerates wind. Keeping
_:k;uah",r is '*(,::J i '

/

~Chirutepudi Goa (B vaf Special): Gives second crop {Se plﬁ'mbex- QOctober) even in places
where Neslum ;asis io give. Tree medinm, froit medium, juice abundant, fruit quality good,
LEAring reguiar and midseason o late, snoderately tolerant 1o hoppers, less susceptible to winds.
LEc' ani: A hybrid between Rumani and Mulgoa, frait medium (o large, flesh melting,
oy, § ‘.39]1*\’ and hearing better than parents, late, stands fransportation well. This
FR. 6', Ananza,ajl.m,t (‘udddpa‘l district,

rea This bybrid was teleas sed from RERS. » A‘ianta;arunet Cudaamh distzict, A hybrid
i na**a; fruits like Benishan, mediom, flesh firm fibreless, moderately
H where Bmesh&n is not.

"‘J

ands: Hybrid released from FR.S, Sanga Reddy, fiuit excellent in
auaiity of Dashehari and the other fruit characters of Mahmooda are acquired.



Furman: Meeslizm: Hy“}rzu released from FRS, Sanga Reddy, fruit is very attractive am
looks Hke Humani bat fult is larges.

Alempur Henishan: It is cut varjety. Gives bearing everyyear. Fruits are bigger in
come 1o maturity during the months of May and June. Fruit quality good, resisiant ¢

Jalal: It is & pickie variety, gives hearing every year {Regular), frulis are medium in size. 3 is 5
late variety

24.6. PROPAGATION

Being cross pollinated, it is not possible to get true type through raising seadlings by usin
stones (seed). In order o have true type (o its parents and maintain purity, it is coninon t¢ piant
only gratfted material obtained either from Government or private nurserv, Thers are severs
methods of propagation for gbtaining grafts, out of which inarching and venesr grafiing sre maost
-COMIMOT. it Tecent Years vencer gratting is e_;&mmg popularity since it is the most convenient and
easy metheod for O*aiammg gt rafis.

Stenes are sewn in beds inunediately after extracting them from ripe frunie, ‘Ef_t?z"j
for more thar T-80 days after extraction, they lose their viabitity.- The stones are
nursery at 2 distance of 45 X 20 cin. These secdlings wifl be ready for graffing a;”
Seedh,igm with beuer ve gﬁat; /o owth should only be used for graftmd Tri Case

taken nearey au.brane:hcs of Iieu fmm whlch the scion _pagﬁ tc be tazcen The seed
are converiently kepf or tied up t¢ faciliate tlie process g. Sometimes the scioe
headed back to produce a large number of conveniently able branches for grafting -
level. A strips of bark about 6 to 7.5 cm long along Tsma!l layer of wood is removesd
seedling as well as scion material. Care is taken ?.p that the two exposed surfaces
banana fibse or using sutli by covering with s leaves.

In veneer grafting, the shoot of mather p]dnt {Scion) which is to be muitiplied can be cut
gway from mother plant and taken to the place where the seedlings are raised for grafiing. The
section stick is to be 3-4 months old with active auxiliary or terminal bud. This is zecored by
defoliating the scion shoot zbowt a week before the scion shoot is cut. A slanting oot g
5 em long on one side of the seedling stem is given by removing bark with some portio
weod, Simiiazly a starting cut on one side of the scion is made which wili fill with the c,
on the scedling stock so that the cambium of both comes in ciose contact, 1iis *‘\.n WAL
tightly with 1.5 cm wide aikethene tape. 'When the scion begins to grow at the t
3 weeks), the upper part of stock is removed thus forcing the buds o grow mors rapm ., T
plastic wrap is ramoved after about two to three months. For judging good grufting sesdiing
following charzacteristics should be observed.

1. The seedling stock and scion should possess same thickness and they should be frmiv jon
without any gap.

The scion should grow straight with heaithy growing leaves.

e

3. There should be no branchies of seedling stock below the joint (grafting).

247, BEASGMN OF PLANTING
It is generally planted at the beginning of the monscon ie., June-July. In areas with heavy
rainfall it is done at the end of monsoon season i.c., November-Diecember.




24.8. PREPARATORY CULTIVATION

In windy locations wind breaks are planted well in advance. The land is well prepared by
giving two to three ploughings. Pits are dug deep enough to accommodate the root ball. If the
soil is rocky and can not be ploughed, pits of 30 X 30 cm are dug and these are filled with good
soil mixed with farm yard manure and two kg single superphosphate.

24.9. SPACING, PLANTING & AFTERCARE

The distance between plant to plant should be 8 to 10 metres depending upon soil fertility
and vigour of the variety planted.

Grafted seedlings should be removed carefully along with the soil keeping the root system
intact from the pots or nursery beds. These are placed in the pits and the soil is pressed all
round the root ball. At the time of planting, care should be taken so that graft joint is above
the ground level. The grafts should be protected from the wind damage by ground level, The
grafts should be protected from the wind damage by giving support with sticks. small basins
are made around the plant for regular pot watering for about 15 days. The sprouts developed
on root stocks below graft joint should be removed. Gap filling is done wherever grafts fail to
establish. When grafts grow about a metre, the top is pinched to encourage branching. Wh:te
washing the stem with lime may be practiced to protect the stem from sun.

Young grafted plants of mango may start flqwering even after a year of planting. If these are
allowed to bear fruit, growth of the plant is advarsely affected. These should be removed after
their emergence so as to encourage the % tive growth. This practice should be continued till
the trees complete four years of age. Ityisaltvisable not to allow any branches on. the main stem
upto one metre height for the pro& e work of the tree.

24.10. MANURES & FE&LISERS

For improving the structure.in light soil, tank silt -or Pati-mannu or FYM at the rate of
125-200 cart loads per hectare should be applied. Horsegram, a soil enriching inter crop can be
taken in winter. Lighter soils which are deficient in phosphorus respond well to the application

- of 2 kg phosphorus per tree per annum,

Fertilizer schedule

Area of the tree _ N . P20s . K>0
in grams/tree

First Year 200 . 100 100

Second Year : 350 175 175

Third Year 500 250 250

Fourth Year 650 325 325

Fifth Year 1000 1000 400

Sixth year and onwards 1000 2000 500

Manuring is gefierally done in the beginning of monsoon. Whenever irrigation is possible it
will be advantageous to apply a part of the manure after fruit set. In absence of irrigation foliar
spray of 2% urea or diammonium phosphate can be given. For an efficient absorption through
soil, fertilizers should be placed in a 10-15cm deep ring near the drip of the tree.
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24.11. INTERCROPING AND COVER CROPING

Mango trees take 5 to 6 years for giving economic yield. It is therefore advisable to grow
some short duration crop as intercrop till tHey are shaded by the tree. Quick growing crops like
cowpea, grcengram, cluster bean, horsegram and lentil-are sown which cover the sorface soil to
protect it from erosion. These crops are furned back into the soil to supplement organic matter
content of the soil. These are known as cover crops. ' '

.24.12. PRINCIPLES OF INTERCROPPING

1. '-Intercrops should occupy a secondary place in- the orchard primary- cons;dcratlon bemg }

given to perennial fruit trees.
Tall-growing plants with excessive vegetative growth should be discouraged.
At least 120 ¢m. radius must be left from the base of growing fruit trees.

Intercrops should not be exchaustive types for nutrients and moisture.

S R

Long duration crops like sugarcane, redgram and cereal crops like maize and sorghum
should not be taken as mtercrops

6. Intetcrops like vegetables, low-growing field crops and fruit crops like phalsa can be profitably
grown in young orchards. In old orchards shade tolering crops like ginger, turmeric etc.,
canrbe taken. _ _ :

LN

2415, INTERCULTIVATION (\\) -

N

Two ploughings in the inter spaces, one at the ﬁ?gmnmg and another at the-end of the :

monsoon season keep the orchard weed free and@ﬁtate rain water percolaticn

A%

For conservaticn of rain water, rows (in rectangular system of planting) should be along
the contours. Mango responds well to irrigation, parficularly at fruit set development phases.

24.14, WATER MANAGEMENT

If. farmers can give only two irrigations it is better to gwe them at fruit-set and early fruit.

~ development stages

24.15. FRUIT DROP

Fruit crop can be controlied by spraymg'Naphthalene Acet16 Acid (NAA) at the rate of 20
ppm twice at an interval of two weeks during zarly stages of fruit development Spraying at the
time of peak flowering should be avoided.

Check Your Progress - 1
How do you control the fruit drop in Mango‘?
Note: {a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.

....................................................................................
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24.16. IMPORTANT PESTS AND DISEASES ON MANGO

-A. Pests

1. The Mango hoppers (Idioscopus niveosparus and I. clypealis)

Symptoms: The adults and nymphs suck the sap from the inflorescence and cause withering
and shedding of flower buds and flowers.

Control: Application of carbaryl (2.5 gflit) or Phasalons (2 miflit)

2. The shoit webber (Orthaga exvinacea)
Syrmaptoms: The larvare web the leaves and feed and as a result the leaves wither and dry up.
Control: Spray Monocrotophos (1.5 mlflit) or Chioripyriphos (2.5 miflitre).

3. Stem borer (Batocera rufomaculate)

Symptoms: The grubs tunnell into bark of branches and eat on the internal tissues. This.
results in wilting of branches,and in severe cases the trees may die.

Control: (a) Pour chioroform or petrol @rbondisulphjde into the holes; (b) Attacked
portions should be removed and destroy@ :
4. The flower webber ( Eubfeu%%siw}or)

i L.

Symptoms: The larvare web orescene together and feed causing considerable damage,
It some times bores into infloreSe€nce stalk (Peduncle). '

Control: Spray Monocrotophos (1.5 mlflitie) or chioripyriphos (2.5 ml/litre).

5. Gall midge

'Symptoms: Gall midge in manga is caused by three insects viz., Procystiphora mangiferare,
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Dasineura amaramanjarae and Erorymia indica. The larvae of P. mangiferare feed cn the stalks
of stameng, ovaries etc,, and cause considerable damage. The maggots of D. amaramanjarae feed
inside the buds and they fail to open and drop off. The maggots of F. indica attack inflorescence
stalk, flower buds and the developing fruits. As a result the inflorescence becomes stunted and
malformed and the buds faif to open. :

Control: Spray Monocrotophos (1.5 mlfitre) or Phosphomidon (1 miditre).

6. The Mango nut weevil or stone weevil (Sternochetus mangiterae)

Symptoms: The larvae tunnel in a zig-zag manner through the pulp, endocarp and the seed
ceat and reach the cotyledons. With the development of fruit the tunnels get closed up. The
manggots feed on the cotyledons and destroy them. :

Control: Spray DDT (2 ml/litre) or Fenthion (2 mi/litre) at monthly intervals.

B. Diseases

1. Powdery mildew (Oidium mangiferae) _
Rywiptoms: The infection starts from the tip of inflorescence and spreads downwards and



covers floral axis, tender leaves and stem. The infected floral parts get severely damaged and
‘drop off and this results in severe yield losses.

Control: Spray wettable stiphur (3 g/lit) two times once before the ﬂowcrs open and second
after finit set.

2. Anthracnose (Colletotrichum fleosporoides)

The lesions develop as small blisters on the leaves and twigs and under favourable condltlons
spread severely and caused them to turn black and dry up. Premature leaf fall of infected leaves
is also common. Infected fruit drops prematurely.

Control: Spray Bavistin (1 gflitre) or Bordeax mixture (2 gflit).

3. Leaf spot of Mango (Psuedomonas"mangiferoe-.fndfa)

Symptoms: The lesions start as water soaked areas towards the tip of the leaf blade and turn
1o brown to black in colour. Several lesions may combine .nd large patches are formed. The
leaves may fall under severe.cases of mfcctlon Severely mfected fru1ts drop off prcmaturely and
cause yield losses.

Control: Not much work has been done on control measures.

4. Pink disease (Pellicularia salmonicolor)

Symptoms: The disease is characterised by the appearance of Pinkish powdery coating on the
stem. The fungus invades the bark and establishes in the internal tissues and affects the nutrient
translocation. This results in the wilting of the shoot, shedding of leaves and finally drymg of
the branch.

Control: Remove and destroy the affected branches Q

. Mal forrratmn {Fusarium moniliformae and unkno@athogen)

Symptoms: The malformation occurs in both ve a%é_' and floral parts. The infected seédlings
produce excessive vegetative branches which are s n with short internodes. This may give the
appearance of bunchy top. The swollen auxﬂ:@wuds form girdles. All these branches develop
fAoral malformations. The affected seeclings gen¥rally have shailow root system with less tertiary
rooes. The roots get curled and twisted. The affected panicles possess more number of flowers,
and generally de not produge fruits. The malformed panicles give a leafy appearancc because of
bigger size bracts, o

Conirol: Mo remedial measures.

8. Sooty motuld (Capnediuin ramosumn and C. brasiliense)

g yn‘mm}v s; The fungus grows on the honey dew secreted by scale insects, aphids etc., on leaves
and stems. The black powdery spores give the appearance of soot and cover the ieaf surface
thus recucing photosynihetic area.

Conirel: Contral of insects stops the growth of sooty moulds (M <;prayma of starch solution
on the sooty growth helps in remova_tl :
Check Your Progress 2838

2. How do you control the flower webber of Mango?
3. Anthracnose diseasc of Mango is caused by

Note: (a) Write your answers in the spaces given below and above.

{b) Compare your answers with those given at the end.
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24.17. HARVESTING AND STORAGE

Early harvest of fully developed but not matured fruits starts in April to catch the early
Northern markets. Normal harvest commences when few Putukayalu fall from the tree. In case
of pickle mangoes the time of harvest is relatively more flexible and it will be between stone
‘hardening and physiological maturity. Tt was found that mango requires 1426 heat units for its
full- growth and maturity. By calculating heat units available in different areas from fruit set,
the maturity time can be precisely determined. The minimum total soluble solid content for
harvesting without sacrificing final quality is 9.0 in case of Banganapally and 8.5 for Dashehari.
The fruits are harvested with long bamboo stick having a net at the end and they are gently
placed in gunny bags or baskets to minimise the injury.

24.18. ARTIFICIAL RIPENING

" Fully matured mangoes ripen in 3-5 days at room temperature. Important commercial
varieties of mangoes are transported from one areca to another which may take about § to
10 days to reach the destination. Therefore the fruits are plucked two weeks earlier of their
plucking maturity. Such fruits do not ripen weMy, Hence various artificial methods are adopted
to ripen the fruits such as smoking, calci bide treatment, hot water treatment etc, The
immature green mangoes when dipped 5 mimutes in hot water at 54°C and left at room
temperature will uniformly ripen in 25-889% shorter time than the control. The spoilage of fruits
during ripening by hot water treat was 3 to 5% as against 20 to 25% in control. The taste
and flavour of fruits thus ripe dve very near to naturally ripened fruits. Though Calcitm
carbide and smoke treatments pdduce yellow colour they do not possess the natural taste and
flavour. H\.nce ot water treatment has the advantage over other methods.

24.19, STORAGE OF MANGO FRUITS

Mangoes have short storage life of about one week under normal conditions. Storage _
life of mangoes can be prolonged by (i) Keeping in cold storage (ii) Storing under controlied
atmosphere and (jii) skin coating with wax emulsion.

(1) Cold storage: The biological activity of fruits and vegetable is reduced in cold tem-
perature. This helps in prolonging the storage life of commeodity. Mangoes can be stored at 8.5
to 10°C for 4-6 weeks.

(ii) Storage under controlled atmosphere: It was found that under the concentration
of 5 to 7.5% of CO4 in a closed room the biological activity of fruits and vegetable is considerably

reduced. The Alphonso mangoes under 7.5% CO, atmospheric concentration at 8.5 to 10°C:
temperature can be stored well upto 5-7 weeks. :

(iii) Skin coating of mangoes: The wax coating applied on mangoes and other fruits
will protect them from excessive moisture loss, higher respiration rate and heat buitd-up and
thereby prolong the storage life. Mangoes are dipped in wax solution of 4-12% concentratlon
and air dried. These can be stored for two weeks. This is the cheapest method and the cost of-
treating one tonne of mangoes wonld be Rs. 10/~
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2420. IRREGULAR BEARING

Manuring and irrigation will keep the trees healthy and vigorous and also reduce the irregular

bearing habit. Annual prunning of weak and dead shoots to.open the canopy of the tree is

suggested to regulate the bearing of old trees.

24.21. SUMMARY

Mango is one of the important and delicious fruit crops of India occupying 65% of total .

area under fruit crops. Andhra Pradesh contributes a large number of commercial varieties like
Banganapalli,” Alampur, Suvarna rekha, Neelum, Mulgoa and Juicy varieties like Peddarasam,
Chinnarasam and Navaneetham. It comes up well under tropical and semi-tropical conditions
with optimum temperature requirement of 24°C to 27°C and rainless period during flowering
time, Well drained and deep soils upto 2 metre depth are best for mango cultivation. It is mostly
propagated by vegetative propagation with grafts obtained by raising seedlings and grafting scion
of desirable plant type either by inarching or veneer graftihg method. Mango grafts are generally
planted in the month of June-July at a distance of 8 to 10 metres on either side. It is not
advisable to allow any branching upto 1 metre height and aiso inflorescence upto 4 years of
planting, Application of 200 g of N, 100 g P504 and 100 g K5O per tree in the first year and
gradualsincrease in the dosage with age of crop upto 5 years and thereafter kg N, 2 kg PoOg
1/2 kg K»O per tree per year is recommended. Crops like turmeric or ginger or vegetables or
phalsa. can be taken as an intercrop in mango orchards. In areas having irrigation facility, crop
can be irrigated during post monsoon season particularly a it-set and development stages.
manuring and jrrigation will reduce irregular bearing habil$u1t crop can be controlled by
spraying NAA at the rate of 20 ppm twice at two weekSipterval during early stages of fruit
development. The incidence of mango hopper, mealy bugs'afid powdery mildew disease is severe
‘when high humidity and cloudy weather conditiops pfevail. The harvesting of mature fruits
starts from April and continue upto June. Fuil @mred mangoes ripen in 3-5 days at room
temperature. However in the transport of ma to long distance, they are packed 12-15 days
in advance of maturlty arid after reaching destination they are artificially ripened by smoking or
“hot water treatment or calcium carbide treatment. Under normal.conditions mangoes can be
stored for one week. Storage life can be increased by 5 to 7 weeks under cold storage or storing
under controlled atmosphere or wax coating.

2422. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Fruit drop in mango can be controfled by spraying naphthalene acetic acid at the rate of 20
ppm. .

2. Flower webber of Mango can be controlied by spraying Monocrotophos or chioripyriphos.

Colletotrichum fleosporoides.

24.23. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.
1. Give the climatic arid soil requirements for Mango.
2. Discuss in detail the propagation methods adopted for mango propagation.

3. Describe the characteristic features of commercial varieties of Mango grown in Andhra
Pradesh,
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4, Explain the symptoms caused by various pests of mango and suggest the control measures.

5.

Give an account of harvesting. and artificial ripening in mango.

II. Answer the following questions in about 10 Jines each.

i

o

o os

Give the manurial and fertilizer schedule for mango.

Explain the steps involved in planting and after care in mango garden.
Write in brief about intercroping in mango.

EXp[aih the different methods of storage of mango.

Describe the symptoms of Anthracnose and powdery mildew diseases of mango with
their control measures,
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25.1. OBJECTIVES Q

X

After going through this onit you will be able t.oQ.

describe the climatic and soil requiremen@r citrus,

Hist out the different varieties of citrus and describe each one of them,
describe the method of propagation of sweet orange and acid fimes,
establish an archard on your own,

describe the method of caring the voung plants

list out the manures and fertilisers and describe the method of application,
describe the method of weed control,

R Y I

list out the important pests and diseases, name the causal organisms, describe the symptoms
caused by them and suggest the method of control of each one of them,

9. describe the methods of harvesting, grading and storage of fruits,

252, INTRODUCTION

Since ancient times Citrus was under cultivation in South East Asian countries, inciuding
India. The other important citrus growing regions of the world are: USA., Mexico, Central
Ammerica, Brazil, Argentina, Spain, Italy, Japan, China, Israel, South Africa, Algeria, Egypt,
Australia, New Zealand and U.S.S.R.

Among the various commercial fruits of India, Citrus fruits (with 10 per cent of the total
area under all fruits), rank third in importance, after mango and banana. The most common
citrus fruits grown in the country are mandarins, sweet oranges and limes with 50, 20 and 15
per cent of total area respectively under citrus fruits. The rest of the area is occupied by fess
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important citrus fruits like lemons, pummelos, grapefrults Vadlapudi oranges etc. Citrus fruits
are grown in every state of India, but the teading producers are Andhra Pradesh, Maharashtra,
Assam, Karnataka and Punjab.

In Andhra Pradesh, Citrus fruits rank second after Mango in area and production. The
total area under Citrus fruits during the year 1983-'84 is 48,800 ha in the state. The principal
citrus fruits grown in the state are sweet oranges and acid limes. In acid lime cultivation our
state ranks second after Maharashtra. Mandarin oranges, Vadlapudi oranges and lemons are
grown to some extent, while pummelos, gajanimma, kichili, are grown in back yards or a few
plants are grown in the orchards, mixed with other citrus fruits. About 60 per cent of the area
under citrus fruits is concentrated in rayalaseema belt (Ananthapur, Cuddapah, Kurnool and
Chittoor), 17 per cent in Nellore and Guntur districts, 15 per cent in Godavari districts, the
rest being scattered in other districts. Mandarin oranges (Santras) are grown to some extent in
Agency tracts and in some parts of North Telangana region.

Himalayan Region and South China are generally considered as the places of origin for most
of the citrus fruits. Many citrus fruits have their origin in India. The sweet orange is believed to
have originated in South China or Cochin china from where, it has spread to India, thousands
of years ago. Mandarins have their origin in China. Lemon and llme are considered to be native
of India.

25.3. VARIETIES

Citrus fruits are members of the Rutaceae family and sub-family Aurantoideae. The genus
Citrus consists of more than 150 spec1es Details of the important Citrus varieties grown in the
State are as follows: O

Varieties of Sweet Urange (! Cltrus%henms)

1. Sathgudi orange: This is Iﬁf variety of Sweet orange grown not only in our state, but
in entire South India. It is alsoNégled Chinee orange. Fruit almost spherical, medium to large,
smooth surface, attractively orange coloured when fully mature, base and apex evenly rounded,
rind thin with little rag, segments 10-12, pulp uniformly straw coloured, juicy (50 per cent),
flavour excellent, Brix 9°, seeds 12-20, each fruit weights 150-230 g., highly polyembryonic; yields
1000 to 2000 fruits per tree per year, Tt is seen in the market from October to February in-the
State. :

2. Batavian Orange: This cultivar can hardly be distinguished from Sathgudi, except in rind
colour, which is light-yellowish green, with pale yellow patches on the green rind. This is grown
mostly in East and West Godavari district. Palakole was once a famous area for Batavian oranges.
However, the fruit is inferior to Sathgudi in quality.

3. Mosambi Orange: Fruits small to medlum sub-globose or elongated, surface smooth with
longitudinal furrows and the apex marked, with a circular ring (areole), rind is marigold in colour,
thin, tight, difficult to peel, pulp apricot yellow, less juicy (43%). Though sweet, sometimes almost.
insipid, owing to lack of flavour and inadequate blending of acidity with sugars, Cultivated ‘in
Telangana area and seen in the market form November to January.

Varieties of Acid Lime (Citrus aurantifolia}

No varieties exist in acid lime. The vartety under cultivation in the state is Kagzilime. Fruits

small, round to oval, smooth, develop attractive yellow colour when fully ripe, peel very thin,

~ adhering tightly with segments, segments 9-11. Pulp light greenish-yellow, juicy (47%), brix 6- ‘70

acidity 6.8 to 7.0%, Seeds 10- 12%, each fruit weighes 40 to 50 g. Yields vary from 3,000 to 5,000
fruits per tree per year,
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Varieties of Mandarins (Citrus reticulata)

The mandarin variety cultivated in the State is Nagpur Santra. Fruits medlum in size,

subglobose in shape, colour Cadminum, surface smooth, glossy, worty with glandular furrows,

rind thin, loosely adhered to the segments, segments 10-11, rag little, pulp mangold in colour,
flavour excellent, juice abundant, sweetness and aeldlty well blended seeds few 6-7. Seen m the
market from January to March : N

'25.4. CLIMATIC REQUlREMENTS o

Commercial citrus cultivation extends nght ﬁ'om tl‘OplCS to temperate regmns. The crtrus
belt of the world covers a wide range of area in lattitude.- Any where within this belt at relatively
- low altitudes citrus can be grown provlded such other CO]‘ldlthl’lS like soil and water are favourablc

The cllmate of Andhra Pradesh is essentlally troplcal and is well surted for growmg sweet-

oranges and acid limes. In general the above citrus fruits require acid-tropical climate with
assured irrigation and can be grown upto an elevation of 1000 m above mean sea level with an
annual rainfall of 750-800 mm.

Sweet oranges requue arid conditions coupled wrth drstmct summre and winter. seasons low
rainfall and assured irrigation like those available-in Punjab., Under these conditions superior
quality oranges can be produced. In an atmosphere of high humidity and heavy rainfall, oranges
will have abundant juice with inferior taste.

Mandarm oranges (Santra) prefer slightly higher elevatlon (upto 1050 m) ‘with relatively
higher humidity and higher rainfall (750 to 2500 mm}). But they also grow and froit well along
with sweet oranges in the dry tracts of Deccan at alt1tudes‘h3ween 450-750 m, with a rainfall
range of 500-750 mm. Santras tolerate more “humidity in @mer and winter than sweet ‘oranges.

Acid lime requires tropical climate. It _does not s lower temperatures Situations which "

are warm, moderately humid, free from strong win@:nd frost are ideally suited forits cultivatlon
it can be grown upto elevations of 900 m abo%n n sea level, provided the humldlty in these
regions is not high. In more humid areas and
: susceptrble to citros canker Acid limes thrive well in west and South Indla '

25.5. sou;_

Sweet oranges and acid limes grow well on awide variety of soils from heavy clay to very llght
soils. They require uniformly deep soils without any hardpan beneath, with perfect drainage. The
citrus trees are more sensitive to higher concentration of salts and cannot stand water Jogged
conditions for any length of time. Water table should be below 2 meters even in the rainy season.
Saline' soils are not suitable. The ideal soil, thus seems to be.a medium or light loam w1th a

slightly heavier sub soil with a depth o£2 3 meters and pH of 55to 65 '

25.6. PROPAGATION OF SWEET._ORANGE :

Sweet oranges are propagated by shield budding. Budding comprises several steps like,
- selection of Scion and wood, budding operation, etc. Scion and wood for budding should-be
selected, from healthy, vigorous, mature, disease-free, high yielding trees. From these trees scion

avy ramfall area, the acid llme becomes hlghly :

buds from past season’s growth and from round or cyclindrical twigs dotted with gray. streaks

should be collected. Bud wood should not be collected from angular twmgs water ‘shoots and
thorny twings.
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Rootstock seedlings of either sweet orange or Rangpur lime should be raised in nursery
beds. Seeds are sown in may-June or September-October at a distance of 2-3 cm in rows of
11025 cm apart. Within 2-3 weeks seed germinate. Seeds beds may be provided with shade
fo protect the seedlings from sun and rain. Six to nine months after sowing, the seedlings are
transplanted into a pursery bed at 20-30 cm apart in the row and 45-60) cm between the TOWS, S0
as to facilitate the budding operation. When the seedlings reach a height of about 25-30 cm or a
trunk diameter of about 1-2 ¢m, budding may be commenced. Budding can be done at any time
during the year, provided there is free flow of sap and the bark slips readily and unsprouted;
dormant scion buds are available. The operation is most successful when the rootstock seedlings
are in growth and the weather is fairly cool and dry. Under the prevailing conditions of our
state budding can be done from July to September,

After removing all the leaves, sgYouts and thorns on the stem of the rootstock, upto a height
of 22-30 c¢m. first a vertical cut of 3 cm long is made in the bark of the stack, then another cut
is made horizontally above the vertical cut. Mean while dormant buds are collected from fruit

 bearing shoots in the form of shields of about 2.5 ¢m long. This shield bud is carefuily inserted
into the cut made on the rootstock with the bud facing upwards and wrapped with a suitable
wrapping material above and below the bud, exposing the bud.

It takes 2-3 weeks time for the scion bud to make union with the stock tissues, After 3
weeks, when the bud is still green indicating the vnion, wrappings are removed. Then the buds
are forced to grow by lopping or topping. The budlings are allowed to grow in the nursery for
at least one year before they are planted in the mainfield.

25.7. PROPAGATION OF ACID LIMES

Seed propagation is most popular wi id limes. This is because seeds are polyembryonate
and breed true to type (nucellar), see inﬁencrall‘y come to bearing earlier than budlings and
produce more uniform quality crop P%%t'ﬁer- seedlings are hardy, disease resistant and withstand
vagaries of climate better than bu@rgs '

Seeds are extracted from @matur&d fruits collected from healthy and disease free, adult
trees. The seed should be sown immediately after extraotion within a week, otherwise it loses
viability. Seeds are sown on raised seedbeds, prepared out of sandy loam soil. Before sowing,
the seeds should be treated with any suitable fungicide. Seeds are sown at distance of 2-3 ¢em
in rows, 10-25 cm apart and at the depth of 2-3 cm during May- June or September-Qctober,
Germination will be over within a month.

Generally the seedlings after making a satisfactory growth are transpianted to a nursery bed
for. hardening. Nursery beds are prepared out of well drained, fairly deep, fertile soils, nearer
to a water source. The nursery beds may be either flat or raised. All the weak, lanky, and
abnormal seedlings, should be pulled out at the time of lifting the seedlings. Only the seedlings
of vniform vigour and height are selected for transplanting. The seedbed is irrigated thoroughly
to make lifting easy. The seedlings are lifted carefully without damaging the root system and
iransplanted at 20-30 cm in the row and 45-60 ¢m between the rows. Regular watering is provided
at short intervals till the seedlings establish well. frequent manurisig with nitrogenous fertilizers
is also beneficial. Seedlings are carefully guarded against possible diseases and pests, Shade and
stacking may be provided.

25.8. ESTABLISHING THE ORCHARD

Setection and Preparation of Site: After the selection of a suitable site, based on the climatic
requirements, the site should be prepared well in advance to receive the seedlings or budlings.
The existing vegetation on the site, should be cleared and their roots removed. Then the land
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is ploughed thoroughly in ali directions till a fine tilth is achieved. Finally the site shouid be
levelled. If the land is slopy soil and water conservation measures should be practiced. the soil
may be enriched by raising cover crops, preferably legumes. Wells may be dug prior to planting
and permanent water channels may be constructed. Fencing may be provided. After levelling,
the orchard is laid out as per the decided layout {preferably by square or rectangular system).

Digging and filling of pits: Pits of 90 X 90 X 90 cm are dug a season in advance at
appropriate spacing, For acid limes 6 m spacing and Sathgudi QOranges 8-10 m spacing in square
system are recommended.

Pits are filled with a mixture of top soil, tank silt and red earth in equal quantities, to which
Z to’3 kgs of Bonemeal is added. Filling of pits should be completed atleast a fortnight earlier
to planting and allowed to settle and consoiidate after copious irrigation.

Planting: Planting of seedlings or budlings is done during the period July to January, making
use of both South-West and North- East monsoons. The plant is placed in scooped out hole in
a straight way and the ball of earth is firmly pressed without injuring the root system. Then the
soil around the plant is ievelled and a basin of 60 cm diameter is made for watering. The plant
must be set at slightly higher fevel than in the nursery. In case of budlings the graft-union should
be 15 ¢m the ground level, Immediately after planting, the plants should be irrigated well.

25.9. CARE OF YOUNG PLANTS

The newly planted young plants must be protected duriwg the initial 3 to 4 years from

excessive heat, rain and cold, by providing shade. Yon ts flush 4 or 5 times in a year.
During flushing there will be incidence of leaf miner, Ca , Cirus butierfly etc. which should
be controlled promptly. Further, just before flushing | manuring with nitrogenous fertilizers
is advisable. The young plant may be trained to ified leader system, with a smooth trunk

upto 100 cm height from the ground level a%- well spread branches from there. All the
sprouts, which appear on rooctstock should be oved as and when they appear.

25.10. MANURES AND MANURING

Organic manuring is more beneficial to citrus than inorganic manuring. If organic manures
are supplemented with additional mineral fertilizers, optimum conditions may be created for
healthy and abundant growth. 1t is ?ﬂways advantageous to give a Jiberal dressing of bulky organic
manures as they keep the soil in a good physical condition, besides supplying plant nutrients.
The following manurial schedules can be adopted for sweet cranges and acid lime under the
prevailing conditions of the state,

Manurial schedule for Sathgudi oranges (g/tree/year)

Year N P205 KZO
I Year 300 70 _ 80
I Year 600 140 160
¥ Year 500 210 240
IV Year 1200 280 320

V Year and zbeve 1500 350 400
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Manurial Schedule for Acid limes (g/tree/year)

_ Year - N P'ZOS ' K20
I Year : ' a7s . is0 - . 200
HYear - L TS0 300 - 400
I11 Year 1125 450 600

IV Year . 1500 s 600 _ 800
V.Year and above - - .- 1800 600 -800

Nitrogen should be supplled in the form of farm yard manure (25%), oil cakes (25%) and
chemical fcrt.lllzers (SO%), while P205 and K20 in the form of superphosphate and muriate of -
potash.

The organic manures whjch are slow to release the nutrients, should be applied two to three
months earlier to initiation of new growth and flowering, so that they are fully decomposed and
become available by the time the growth starts. On the contrary, mineral fertilizers which are
qu1ck to release the nutrients,may be applied at the start of growth flush. Generally, the total
amounts of phosphoric and potassic fertilizers are applied at a time, while nitrogenous fertilizers

~are applied in 2 or 3 split doses. In' Andhra Pradesh fertilizaation is usually done twice in a
year, i.e, once in December-January (Pnor to main flowering} and next in June-July (during
fruit development a stage.}

Manures and fertitizers are applied by soil application in the tree basins by trench method.
A trench of 15-25 cm wide, 15 cm depth is dug around and below the drip of the tree. The
manures and fetilizers are applied evenly in the trench and finally covered with the dugout soil.
In some places, the manures and fertilizers age broadcasted in the basin, 60-75 cm away from
the trunk and incorporated by spades or ga ‘dé rakes. After manuring copious irrigation should
be given. : (%}

Mlcronutnent deﬁmenmes, partit rly of zinc, manganese and iron are more commion in
citrus trees in the State. These CQ‘;be avoided or minimised by giving a composite spray of the
micronutrients in January and’)Bctober or as and when the new flush (2 -4 months old follage)
exists on the tree.

Composite Micro-nutrient sp.ray schedule

Chemical Quantity

1. Zinc Sulphate S : 225 kg

2. Copper Sulphate : 135 kg -

3. Megnesium Sulphate. S 0.90 kg

4. Ferrous Sulphgate ‘ 090 kg

5. Borax ' 045 kg

6. Manganese Sulphate 090 kg

7. Urea 450 kg

8. Lime _ . 4.00kg

9. Water . ~454.00 litres.

25.11. IRRIGATION

Irrigation is @ major factor in citrus production. Citrus trees cannot grow and fruit. well
without fréquent and timely irrigation. Except under heavy rainfall areas (Coorg, Wynad, and
Assam), Citrus trees are invariably irrigated. Water deficiency at critical periods checks the
growth of trees, and lowers the fruit size and quality and even cause fruit drop. Therefore,
inorder to keep the trees in a healthy condition and produce higher quality fruits, it is necessary
to prov1de adequate irrigation especially during the bearing stage and dry periods of the year,
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Basin system of irrigation is followed generally in citrus fields in India. While irrigating, care
should be taken not to allow the water to come into contract with the trunk for the prolonged
" time, as it leads to trunk and root diseases. This can be avoided by adopting double ring method

of irrigation, in which a second ring, about half meter away from the trunk is formed with in
.the bigger ring below the drip line, so that irrigation water remains between the outer and inner
rings. :

- The time and frequcncy of irrigation assume an important role in maintaining the health and
production at higher level. In winter season the interval may be from 10-15 days and in summer
it may be much shorter (5-7 days). Trails conducted at Kodur indicated that when the top 25
cm soil becomes dry, the trees should be irrigated. Irrigation dunng harvest period should be
avoided, because it reduces T.S.S. and acidity.

25.12. INTERCROPPING

Dunng the mltlal ﬁve or six years after planting there is an excellent opporrumty for utilizing
the vacant interspace profitably as their root system will not extentd into the interspace and their
branches do not touch each other as in the case of older tress. Hence growing a crop in the
alleys is a desirable practice too, in that besides providing income to the grower, it checks the

- erosion, smoothers the weed growth, conserves soil mmsture and organic matter and protects
the soil from adverse-climatic conditions. '

A great care should be excercised while selecting the type of intercrop in citrus orchards,
The 1nﬂ:rcrop should have similar cultural requirements, should not be too tall or spreading so
as to shade the fruit trees, should not require too much water and plant food so as to adversely
affect the main trees. 6

chumes are. preferable as mter crops (Berseem,é‘ ne, Cowpea, Pillipesara, etc). Ex-
haustive crops like gingiely, wheat, maize, sugarc tton etc., should not be grown. Tall
growing crops like banana, jowar etc., should not own as intercrops because.of their shad-

ing. Crops like, tobacco, bheind, chillies, brinj nana etc. should not be raised as intercrops, -

_as they favour severe infestation of root-knot nematode (Meloidogyne spp.). Vegetables like,
pumgpkin, onion,mung, guar in summer and peas, turnip, cauliflower, carrot, raddish, etc, in
winter can be grown as interérops in citrus.

25.13. SOIL MANAGEMENT

Management of orchard soil is important in fruit growing. While a good soil management -

maintains and even builds up soil fertility and provides ideal conditions for plant growth. A poor
soil management may lead to rapid deterioration of the orchard. Soil management includes soil
tillage, mulching and weed contro} which are interrelated.

L.and in the alleys should be cultivated to check the weed growth, to conserve soil moisture
and fertitity, to incorporate the applied manures, and to provide aeration to the root system.
Normally it is sufficient to plough the soil once or twice a year at least deep enough to check the

- weeds and to cover a green manure crop. Cultivation makes the soil fine for better penetration
and spread of roots, enhances the decomposition and nitrification, loosens the soil for better
penetration of rain water and keeps. the soil surface from becoming hard. . The best time for
cultivating the land is when the trees are not active (December). In early spring, the soil should
be cultivated to keep down the weed growth. However, too freguent and too deep cultivation
are not desirable. Light hand digging or hoeing should be given to the basins, after every 3 or
four irrigations to avoid soil becoming hard.
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25.14. MULCHING

Muiching of iree basins s necessary to check the weed growth, to conserve soil moisture,
to hinder the soil temperature fluctuations, After weeding, the basins should be mulched with
suitable materials like dry leaves, paddy straw paddy husk, sawdust, wood shavings, stubbles of
jowar, maize, coconnt ceir, etc. Mulches to a thickness of 8 cm or 100-120 kg per basin of 16
squre meters should be added particularly from January to June to conserve the moisture as
well as to reduce the number of irrigations.

25.15. WEED CONTROL

Controt of weeds is essential in the tree basins, below the drip also upto 1-5 to 3.0 meters
on either side of the rows. The weeds besides competing with the trees, interfere with the plant
protection measures, harvesting, prunning and other cultural operations.

Various methods are adopted to control weeds. Cultivation of the interspaces is the most
common method. Raising of cover crops, intercrops and green manure crops also are helpful in
checking the weeds. But inter cropping or cover cropping in the orchard is not desirable during
flowering and fruiting, during which time, the trees require maximum moisture and nutrients.
At such time, mulching can be practised.

Weeds in the tree basins are not easily accessible to mechanical cultivation. Further,
cultivation may cause injury to shallow feeding roots and lower fruiting branches, For these
reasons chemical weed control becomes inw{gxt, especially below and around the trees.

In citrus orchards weeds are gencra ontrofled by weedicides like Monuron and Diuron,
to which citrus trees are resistant, D%r‘o at the rate of 2.5 kg in 500 litres of water may be
spread on the soil, 30-40 cm away &oi¥f the trunk. .

25.16. IMPORTANT P&S AND DISEASES OF CITRUS

A Pests
1. Citrus butterfly (Papilio demolens)
Symptarns: The caterpillars voraciously feed on tender leaves and defoliate.

Control: Spray chioripyriphos (2.5 mlfitre) or Monocrotophos (1.5 ml/litres).

2. Grange borer (Chloridolum aclamene)

Symptoms: The larvae makes spiral cut in the twigs which results in wilting. Then they move
upwards and feed on the dried stems and then move downwards piercing through the branches
and reach the main stem,

Conirel: {a) Periodical removal of dried twigs, (b} Spraying of Monocrotophos (1.5 mi/litre)
or phosphomidon {1 mi/itre).
3. Fruit sucking month (Otheris fullonjca and O. materna)

Symyptoms: The adult moths are directly concerned with the damage. They pierce the proboscis
into the fruits and suck the fruit juice. As a resuit rotting takes place and eventually the fruit
drops prematuorely,

Control: {a} Cover the fruits with paper polythene bags, (b) Create smoke in the orchards after



sunset for keeping of the pest away from the plants, (¢} Use poison bait for Killing the months
with 20 g. of Malathion 50 ¢ WP and 200 g. of jaggery and 2 litres of water.
4. Citrus leaf miner ( P'lyb'ocmstzs c:freﬂa) |

Symptoms: The larvae mines in between the ep:dermdl layers of the leaf, causmg zig-zag mines.
They feed on chlorophyll whlch resuits in distortion of leaf lamina. .

Control: (a) Spray Monocrotophos (1 5 m];’htre) or Phosphomldon (1 mlmtre), (b) Prune the
infested plant parts.

5. Shoot and bark cat'.erpillar (Inderbefa tetrabn_is)_

Symptoms: The larvae enters info the axils of branches by making small tunnels and moves
about concealed inside the silken gallery and feeds on the bark scraping. :

Control: Removal of galieries and m}uctmg chl orlpyrlphos or Monocmptophos and closing the
holes with mud. : : : :

6. Citrus mite (Schizetetramychus hindustanicus)
Symptoms: Both adults and nymphs. scrape the leaves and fruit surface and suck the sap.

'Control (a) Spray Dicofol (5 miflitre) or bulphur WP (3 g/htrc)

Check Your Progress.- 1&2

1. How do you control citrus bulter[y" '

2 The Scrcntlﬁc name of citrus leaf mmer is i . \\ '

Note: (a) Write, your answers in the spaces given above{;Bd below.
(b) Compare your answers with those gw@% end

....................................................................................
......................................................................................
e L N I T T e R R I I N R A R R R R R

..................................................................................

B. Diseases
1. Citrus decline

Symptems: With the advancement of the disease and mottling is observed with reduc_ed'
leaf size and number. The roots of the affected plants may be dead and show dry rot symptoms.
The disorder is a combination of many factors. .

The decline may be due to tue following reasons.
1. Injury due to accumulation of nitrite uﬁder water Jogged conditions.
2. Incompatibility of root stock and scion.
3. Malnutrition and the effect of pests and diseases.
4, The symptoms start as yellowing of leaves with heavy bearing of small sized fruits.

Control: (a) General maintenance of plant’s health by supplying fertilizers, (b) Good drainage
facilities, (¢) Periodical spraying of an insecticide and fungicide to control pests and disease.
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2. Gummosis (Phytophthora spp)

Symptoms: The disease initiates as dark staining on the bark. The staining progresses
inside with the advancement of the disease and firm bark shrinks, cracks and shreds. If gumming
starts just above ground level the main roots also may get mfected Gumrnlng leads to rotting
of the bark and the trees die due to girdling effect. . :

Control: (a) Dis-infection of stems with Bordeaux paste annually upto 2 feet from ground
level, (b) Scraping of diseased portions and applying Bordeaux paste, (¢) Good drainage to be
provided to the trees, (d) Double ring method of irrigation should be followed.

3. Diplodia gummosis (Diplodia natalensis)

Symptoms: The fungus induces excessive flowering and complete drying of individual branches,
which shows gumming and flaking on blackened bark. _ .

Control: (a) The discased branches should be cut and apply Bordeaux paste, (b) In the initial
stage of gumming the areas should be scraped and apply Bordeaux paste, {¢) Wounding of the
trees sheuld be avoided.

4, Root rot

Symptoms: The disease is caused by species of Macrophomina, Fusarium, Diplodia and
Ganoderma.In the early stage of infection the decay of root is the typical symptom of root rot.
The infected parts produce bad odour. The leaves turn yellow and the severely affected trees
die eventually, The fungus induces heavy flowering and as a result many small sized fruits are
formed.

Control: (a) Clean cultivation to be followed@ The affected roots shoutd be cut and Bordeaux
paste to be applied. . : . : _

5. Pink disease (Pellicularia salmon?gg

Symptoms: The typical sympto disease is drying and wilting of individual branches

Control: (a) The affected p@n should be removed and Bordeaux paste apphed () Oil
based copper solution may be sprayed.

8. Powdery mildew {O:dmm tmg:tanmm)

Symptoms: The young leaves show typtcal whitish powdery growth In severe cases the
defaliation and die back of branches occur.

Control: Sulphur dust or spraying of wettable sulphor (3 gllitre)

7. Citrus canker (\anthomonas campestris pv, citri)

Symptoms: The lesions start as yellowish spots on leaves. The lesions en]arge and gradually
turn into raised, rough brownish pustules.

Control: (a) Removal of diseased parts before South west monsoon and spraymg of Bordeaux
mixture (10 g/litre) and Phaushamycin (1 g/ litre), (b} Timely control of leaf miner, (¢} Growing
resistant varieties like Rangpur lime, limequat etc. '

8, Trlsteza (Quick decline)

Symptoms: The disease is caused by a virus. The virus bIocks food conducting vesse!s like
phloem and results in starvation of root system. This results in root rot, deficiency disorder,
defoliation, die back of twigs, loss of vigour and finally decline. The infected trees generally
flowers heavily and the fruits are small. The trees get exhausted and die early and die with the

gradual’ dc»elopment of fruits,
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Control: (a) Use of tolerant root stocks like rough lemon, sweet orange, Rangpur lime ete, (b)
*Regular plant protection measures to control aphid vectors, (c) Planting of healthy seed!mgs

0. Greenmg disease (Mycop]a,sma)

Symptoms: The disease occurs in sweet orange orchards and is mainly responsible for the early

- decline of sathgudi. The leaves show chlorotic patterns resembling zinc dcficiency_. Green dots
. or islands against yellow back ground of leaf are often associated with greening. The leaf size

. Is reduced. The affected twings shows upright hdblt and turn dull green, They become spindle
- shaped and show mottling.

Control: (a} Bud wood should rot be collected form the diseased trees, (b) Budling showing
_motﬂmg patterns shouid be rejected, (¢) Only healthy plant material should be planted, (d)
Control the psyllid vectors, which carry the disease.

Check Your Progress - 3 & 4
-3, What are the organisms that cause citrus root rot?

4. Citrus canker is caused by

Note: (a) Write your answers in the spaces given above and below.

(b) Compare your answers with those given at the end.

....................................................................................

..................................................................................

25.17. CROPPING AND 'HARVESTIN%?'

Budlings of sweet orange come to beari y 5th year while seedlings of acid lime start
bearing from third year., In both cases, commercial bearing status is attained after a couple of
years, -

Sweet oranges in the state have two crops a year regularly with a variable third crop, as
follows. -

Name of the crop Flowering time : Harvesting time
1. Angam. December-January . October-December
- 2. Bdagaru : ' June-July March-April -

3. Gairangam September-October May-June

_ Generally angam crop is preferred. Fruits of sweet oranges take 9 to 10 months. however, _
sweet oranges in Rayalaseema are harvested, when they are 5 or 6 months old, to avoid the

- incidence of fruit sucking months. Nevertheless, the fruits have attained internal maturity by
that time.

Acid limes are continuous croppers. The main seasons vary from tract to tract. M‘ain
harvesting season for limes in the Circars is from March to April, in Guntur and Neliore from
April to June and in Rayalaseema from July to September. Acid limes take about 4 to 5 months
for maturity.

Fruits are picked according to the prevailing market demand customarily. However, it is
‘better to harvest the fruits at full maturity, when they deveiop their characteristic ﬂavour to the
‘maximum and their charact..rlstlc colour.
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Fraits should not be harvested «f Eﬂ'* during the rains, o7 immedizisly after rajns. Further,
harvested fruits shouid not be plied up in the sun

25.18. GRADING AND STORAGE

Grading of harvested fruits is not foliowed in India, Af present, rmost of the ciiras crop is
marketed without paying any atiention to the grading of the fruit. the fruits should be graded
for guality and size,

Harvested fraits may be treated with 2% waz emulsion, 1aixed with 5 ppm 2, 4-1 increase
the seif life of sweet oranges znd acid Himes. Such {rsated acid limes can store well for 3 weeks,
when packed in alkathene lined gunnies and transported. It is possible to increase the storage
life for longer periods by cold storage. wef‘t oranve can be preserved for ionger periods in cold
storage at O to 2°C and acid limes at 80 9 OC at a refative humidity of 85 to 90%.

25.19, SUMMARY

Since ancient times cifrus feuifs are under cnitivadon in India. In Andhra Pradesh the
principal citrus fruits grown are sweet oranges and acid Emes; they rank second after mango in
area and production. Hircalayan reginn and south China are considered as the place of origin
for most of thc c1trus m.‘m uamg u and Bc avian sweet oranges are predomananily grown in
. _:sweel oranges reguire acid-tropical cimate, |
i soll for swest oranges and acid jimes is a

while acid limes n:qu;ie t; omcai éiimate
medium or light foam with a depth of 2 j mzters, pid of 6.0 te 8.0 and good drainage. Sweet
oranges and acid limes are propagaied b s{ﬁd buddipg and by ssed respectively, Steps in
establishing the citius vrehard inghade sl oty and preparation of site, digging and filling of
pits, planting and care of young plants. N‘:ﬂ-ﬁs ave t0 be supphied both in organic (50%) and
inorganic form (509} for acheving b&%r gults, The maior nuitients viz, N-P and ¥ are to
be applied at he rate of 300g N, 7 and 80g K;O per tree during the first year and the

quantities may be doubled eve tl. Stn year an & above. Similardy in case of acid limes
organic manures should be app we to three months prior io infliztion of new growth and
flowering, whereas inorganic fertilizers s om‘j applied ar the start of new flush. Nitrogenous

fertilizers are to be applied in 2 or 3 equdl spdits, in Andhra pradesh fertilization is usually done
twice in a year. Manures and fertilizers are applied by trench method in the soil. Trrigation is
a must to citrus in the state. Double ring method of irrigation is advocated o avoid trunk and
root diseases due to contact of water with the trunk. In winter season ¢he interval may be 10-15
days, while in summer it may be 3+7 days. During the pre-bearing period intercrops in between
the tree rows can be raised. Land in the alieys shouid be cultivaied once or twice in a year, when
the trees are not active, The tree basing may be mulched. Weﬁds may be checked by cultural
methads or by using herbicides. Importané pests on citrus are citrus butterly, ieal miner, fruit
sucking moths, citrus mite, while the important discases are cirns deciine, gummesis, diplodia
gummosis, root tot, pink disease, citrus canksr, tristeza and greening, Budlings of sweet oranges
come to fruiting by 5th year, while seediings of acid lime by 3rd year, Sweet oranges produced
three crops in a year in the state. Acid Hmes yield throughout the year. Sweel oranges are
harvested thrice in the year viz., Ociober-December {Angam crop). While the main harvesting
seasonis for lime in the Circars s from March to April, in Guntur Sand Nellore districts from
Aprii to June and in Rayalaseema from July to September. The fruits should be graded for
guality and size. Storage life of ¢itrus fruits can be exiended by treating the harvested fruits with
2% wax emulsion mixed with 3 ppm 2, 41 or by cold storage.

2528, CHECK YOUR Pﬁﬁ.} REES : MODEL ANSWERS

1. Citrus butieriy can be controlled by spraying chicrpyrighes or monocrotophos
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Phyllocnistis citrella

The organisms wlnch cause root ot 1n citras are Macrophonuna, Fusa.rmm, _dlp.'odm and
(Ganoderma . ' o - .

4. X&nthombnas: éa.mpestris pv.citri

25.21.

MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.

1

. What types of climate and soil are requiréthby sweet oranges?

- N R

10.

11.
12.
13,

Describe the different varieties of sweet oranges grown in the state.

. Write in detail the climate and soil requirements of acid lime.
. Describe the method of propagation of sweet ‘oranges.

. How do you propagate acid limes? Describe the method.

Describe the d:Fferent steps in cstabhshmg he citrus orchard,

Mcnstxon the importance of manuring in citrus and give the manunal scheduics t'or

sweet oranges and acid hmes

s.:ltrus trees.

for c1trus frults

. Describe the method and time of apphcatlon of manuries and chemlcal fertllwers to

; Why do you apply mlcronutnents" Give the composite micronutrient spray schedule

Detail the importance, method, time and- frequ@ of irrigation in the case of cltms

fruits. : _ ?..

Write in-detail about the intercropping i@ﬁus fruits. -
Describe the orchard soil managenim@‘acti&:es in citrus.

Describe the cropping seasons in acid limes and sweet oranges.

II. Answer the following question in about 10 lines each.

1.

10.

Describe mandarin and acid lime varieties,

2. Describe the climatic requirement of sweet oranges.

3. Write in detail the soif requirement of citrus fruits,

4. Describe very briefly the budding operations in sweet orange.
5.
6
7
8
9

De_Scribe the selection and preparation of site for citrus orchard.

. Describe digging and filling of pits and planting operations in citrus.
. Write about the care of yourig plants in citrus.

. Write in detail the mulching in citrus.

. Write about weed contro! in citrus.

Write the symptoms and control measures of tristiza and greening diseases in citrus.
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26.1. OBJECTIVES

After going through this unit you will be able to:

list out the different varieties of citrus,

describe the climatic and soil requirements for cashew, '

describe the different ways of propagation,

establish an orchard in any given area, .
describe the methods of weed control, manuring and harvesting of the crop,

describe different'steps of the prdccssing of the kernels of Cashew,

list out the different parts of Cashew ptant which are of food value,

e A R I

list out the important pests and diseases of Cashew, their causal organisms and the symptoms
caused by them and suggest the deferent methods of control.
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262. INTRODUCTION

Cashew (Anacardium occidentale) is native of Tropical South America more particularly
to Brazil. From there it was introduced into Indja by Portuguese people between 1560 and 1565
(i.e. 16th century). It was first introduced on the west coast of Indfa, from where it has spread
to-the east coast, Cashew now grows on both sides of the peninsular India as if it has born on
this land-Naturalized, S S ' :

Cashew is grown throughout the tropics between the tropic of cancer and capricron on

_ either side of the equator (23°). Though cashew is cultivated in more than 30 countries in-the *. - '

world, the main cashew producing countries are: India, Tanzania, Mozambique, Kenya, Brazil,
Madagascar, Thailand, Malaysia, Indonesia, Nigeria and Srilanka. In all these countries cashew
- is grown as an export oriented crop. In international trade of free nuts cashew occupies third
position, coming after hazelnut and almond. Even in-India Cashew occupies third or fourth
position in the: export of agricultural commodities. it earns more than Rs. 120 crores in foreign
exchange every year. In 1981-82, it-earned about Rs. 190 crores. . : : o

_Cashew is mainly grown for kernels, which when roasted and salted have a pleasarnit taste
and flavour. The cashew kernel is one of the most delicious and nutritious nuts of the world,
liked by one and all. Most of the cashiew trade is occupied by kernels (97%) and the remaining
by cashewnut shell liquid (CNSL) 3%. ) -‘ o I

* - Indiais the largest producer of raw cashewnuts and CXPO.I'fel.'. of cashew kernels in tﬁ.e world
Right from its inception, the cashew is mainly export-oriented and highly labour intensive. More
than 2 lakh people are engaged in cashew industry. ' S L

India is the world’s leading producer. The major casfey) growing states in the country
are Kerala, Karnataka, Andhra pradesh, Tamilnadu, Go aharashtra and Orissa, while West
Bengal, Tripura, Pondichery are the minor cashew grw&ug states. RN

. Imj:o_rfant cashew growing districts in Andhra esh are G_urs_tu.r, East and'_Wcst Godavari,
Srikakulam, Visakhapatnam, Vijayanagaram, h@)r nd Prakasam. o

263. VARIETIES

Recently, Cashew Research Station, Bapatia has released the following varieties for com-.

-mercial cultivation. .

1. Bpp-1 (H 2/11): A hybrid between tree No.1 and 273 of Cashew Res. Station, Bapatia,
. produces 15% bisexual flowers. Nuts are medium in size, Weighing about 5 g., with a shelling
- percentage of 26. It yields on an average of about 12 kg. of raw nuts per year. .

2. Bpp-2 (H 2/12): This is another hybrid obtained from the same above parentage, produces
about 18% bisexual flowers. However, the nuts are smatler, weighing about 4 g, with a
- shelling percentage of 26. On average, it yields about- 15 kg. of raw-nuts per year.

"'3. Bpp-3 (SCH 3/3): It is a selection from a survey collection from Simbachalam. It is a
moderate sized tree, a late bearer with about 15% bisexual flowers. The nuts are of medium

size: (5 g) with shelling percentage of 25. It also-yields about 15 kg. of raw nuts on an

average per year. :

4. Bpp-4 (EPM 9/8): This is also a selection from a survey collection from Epurpalem. This

~ . is a vigorous growing tree and produces about 8% bisexual flowers. On an average it gives
an yield of about 10 kg. per anum. : :

2N N



5. Bpp-5 (Tr. No. 1): This is a selection from the existing tree of the Cashew Research
Station, Bapatla, highly intensive in branching, produces about 10% bisexual flowers and is
a prolific yeilder. The nuts are medium in size (5 g) with a shelling percentage of 25. It has
given an average yield of 42 kg. per year at an age of 40 years.

8. Bpp-6 (Ir.No.56): This is also a selection from the existing trees of Cashew Research

" . Station, Bapatla. It is a vigorous tree and is a high yeilder. It produces about 8% biseseal
flowers. Nuts are medium size (6g) with a shelling percentage of 26. At an age of 40 years,
it has given an average yield of 57 kg. per year.

(Seed may be obtained from Cashew Research Station, Bapatla).

264. CLIMATIC REQUIREMENT

Cashew is a tropical fruit corp. Though Cashew can be grown upto an elevation of 10000
m above M.S.L., lower elevation upto 600 m are preferable for profitable cultivation. Lower
temperaturg at higher elevation affect the development of the tree. Cashew requires a minimum
of 500 mm of rainfall annually, but can stand extremes of 300 to 4000 mm rainfall also. Well
distribution of rainfall is more important than the quantum of rainfall. Inadequate rainfall leads
to irregutar flowering and fruiting. Cashew thrives under 2 wide range of temperatures from
© 15° to 40°C. Cashew is sensitive to cold. Cashew can be grown under a wide range of relative
humidity. It can withstand, long period of low relative humidity, provided it has sufficient water
supply in the soil. At extremely dry conditions (10% or below)} flowers and fruits drop and
leaves are scorched. On the other hand, excessive humidity is unfavourable as it favours the
fungal infections and pest attack. Proximity of sea is favourable for the performance of cashew.
A distance of 160 k.. from the sea coast is@sidered favourable.

25N

26.5. SOIL >~

3

The best soils for cashew e%ép, well-drained sandy loam soils, without hard pan and .
with the water table at least 3 epth even in the rainy season. Cashew also thrives on pure
sandy soils. Cashew cannot withstand bad drainage, water stagnation and flooding. -Cashew is
drought resistant. It thrives well in soils with pH ranging from 6 to 7.5. '

Under East-Coast conditions chashew is mainly grown on sandy soils, which are highly
porcus and poor in fertility. Under West coast conditions, cashew is mainly grown on laterite
soils on the hili slopes of western ghats.

26.6. PROPAGATION

Though vegetative propagation 1s possible. in cashew, it is mainly propagated by seed
commerciaily even today. This is because of [ack of an easy vegetative propagation method and
also due to fack of nurseries which supply the planting material.

Seed propagation has several disadvantages. Being a highly cross-pollinated ¢rop, cashew
when propagated by seed shows great variation in growth and performance. Generally seed
is collected from known high yeilder in the viscinity or from Research Stations and Forest
Department. Either for sexual or asexual propagation, elite mother trees should be identified
first from them only the seed or scion material should be obtained for further multiplication of

" cashew. Superior mother trees can be identified based on the following criteria,

1. Tree with compact canopies are to be preferred.

2. Trees should be dwarf, and associated with intensive branching, producmg more numbcr of
productive shoots per unit area (60% and more)
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Trees should have short flowering phase of 2-3 weeks only. .

Trees with more than 20% bisexual flowers should be preferred.

3

4 .

5. Trees capable of carrying 5-8 fruits per panicic an average should be preferred.
6. Trees which produce medium sized nuts (5-6 g} weighing 120-130 nuts/kg. -

7

. Trees should bear regularly and should be tolerant to pests and diseases. .

26.6.1. Seed Propagation

‘Seeds must be collected from the current crop in the months of May and June on East
Coast and March on the West coast. ‘Seeds which sink in water are best. Medium sized nuts
are preferable. Cashew seed nuts lose viability on storage within a few months. Hence fresh
seeds should be sown. However, seeds can be stored {n seated tins without loss in viability for
two or three months. Germination of cashew seeds is a stow process because of hard seed ccat.
Germination may be improved by soaking the seed nuts in water for 24 to 48 hours. Seceds
are sown with the stalk end upwards in a slanting position at a depth of 5-7 cm in the rooting
medium. Germination will be completed within a month. It is a general practice to sow 2 to 3
seeds in each pit in the main field. On germination the most vigorous seedling is retained and
the rest are removed from the pit. When the seedlings are raised in containers in a nursery, they
may be trapsplanted in the mainfield when they are 1-2 months in age. Older seedlings do not
transptant effectively. - :

26.6.2. Vegetative Propagation

true to type. Hence, vegetative propagation is inevitable. Vggdtative propagation is also very

Cashew is a highly cross pollinated crop. As such the prégeny from seed does not breed

important for the escablishment. of high yielding plant mgteyial, producing an uniform product
of high quality. Various methods of vegetative propagajoirsuch as air layering, veneer grafting,
sidegrafting, patch budding and epicotyl grafting weg ted so far. Different methods have given
different degrees.of success at different places. Hoé%r, none of them was found to be suitable
for all areas or cashew.

Air layering: Twigs for air-layering should be selected from trees older than 10 years. One-
year-old, pencil thickness, non- flowering shoots must be selected when the trees are in flush
and flowering. Under East Codst conditions layering done during rainy season has given good
results, while under West Coast conditions [ayering must be done during flushing or getting
high success. Rooting of air-layers may be improved and enhanced by the application of growth
regulators (IBA, 1AA, NAA). )

The whole process of air fayering takes about 2 1/2 months to 3 months. Under East Coast
Conditions sawdust is used as rooting medium while sphagnum moss is used under West coast
conditions. A polythene fitm of 200 guage is used for wrapping. Rooting takes place within
40-50 days of injuring. The rooted air-layer is separated in stages. After separation, the layers
may be planted difectly in the field or hardened in the nursery and then planted in the mainfield.

Though root development in this method, with or without growth subsiances is good, there is
heavy mortality both in the nursery stage and in the field. Large scale propagation by air-layering
for planting extensive areas is not feasible, as the method is cumbersome and time consuming.
1t is labour iatensive and costly. Only a small number of layers can be obtained from a single
tree (80-120) per year. Besides, the layers have no tap-root system, but a superficial lateral root
system. . As such it does not give good anchorage in the soil. Hence, it is not suitable for cyclone
prone areas (East Coast}.
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Veneer Grafting: Vigorously growinm, 5-6 months old seedlings are selected for grafting. Scion-
sticks from current flush with dormant buds are procured about 7-10 days prior to grafting. On
the day of grafting operation, the pre-cured scion-sticks are separated from the mother tree and
grafted to root stock at a height of 10-15cm from the ground level. Both stock and scion are
then wrapped with a polythene ribbon and tied tighty, leaving the apex of the scion stick exposed.
Union takes place within 3-4 weeks depending upon the prevailing climatic conditions. When
the scion sprouts the root stock is lopped above the graft joint to encourage the growth of the
scion sprouts. Later when the scion sprouts have grown to 6-10cm long, the stock is completely
removed. All the sprouts on the root stock portion should be nipped off, periodically so that
the scion grows rapidly.

_ The success in veneer graftmg depends on certain eondmons CooI and cloudy days Wlth
high humidity are required for union. The union also depends on the number of rainy days
available after the operation and during the union. The success depends on the availability of
‘moisture in the soil and high humidity during the period of union and thereafter. The method
is successful only with 5-7 months old root stocks.

_ Avallabllxty of scion material for large scale grafting operations is a Imutmg factor. On large
scale, watering and proper supervision are also limiting. The method has g:ven poor results wuh
container grown root stocks.

Veneer grafting has given good results at al[ centres when done ‘in situ’ High success was
obtained when done during rainy season from July to November both under West coast and
East-coast conditions i.e., the time of operation is limited to 4-5 months in a year.

Side Grafting: Root stock seedlings are raised in the nursery ‘in situ’. From these, 2 to 3
year-old seedlings are utilized for side grafting\On these stocks, scion sticks are grafted by the
method ‘of side grafting. Union takes pla in 2 month. When the scion sprouts, the root
stock is lopped to speed up the growth oés scion buds and finally severed completel};r

The method is expensive (co: g?‘ the rootstock seedlmgs have to be nourished and
maintained for 3-4 years in the n before lifting. : . _

Epicoty] grafting (S.tone grafting): Tender cashew seedlings of 10-15 days old are used as
root stocks. Grafting is done by cutting off the succulent slender stem (epicotyl) 4-5cm above
the eotyledons and a cleft is made in the middle of the rootstock with a.sharp knife.

The scion off same thickness as that of rootstock is selected from the current flush, whose
stern is still green and sueculent The scion is prepared as a wedge at the base and inserted
into the cleft. Then they are both wrapped with a polythene film. The scion is covered with a
polythene bag and secured with a rubber band near the base to prevent desiccation of scion.
The grafted root stocks are kep‘t under shade. The union takes place within a month.

~ However, the success in epicotyl grafting depends on delicate conditions: (1) high humidity,
(2) freedom from fungal infections, (3) number of rainy days, (4) temperature and, (5) the rate
of cambial growth. The operation is a hlghly skilled job,

The advantages: (1) It ensures quick multiplications in a given time, (2) it can be pracnsed
indoor: durlng ramy season, (3) Economlcal

26.7. ESTABLISHMENT OF ORCHARD

Selection of site: While selecting the land for cashew, soils with water logging, and excgssive
salinity/alkalinity should be avoided. Other things, like soil depth, slope fertility, availability of
water etc., are of minor importance, because cashew is a hardy plant.
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Land Preparation: If the selected site is a jungle, all the vegetation has to be removed from
the site. In thickly forested area, only circular spots at proper distance are cleared for raising
cashew. On slope lands it is better to retain the vegetation, to avoid soil erosion by water and
wmd In areas less prone to erosron, all the vegetatlon may be removed before planting,

Seeds and Sowmg- At the break of monsoon ,season seeds are sown in. plts of 60cm3 Two to
three seeds are dibbled in each pit. Later onily one vigorous seedlifig-is retained in the pit and
the rest are removed.

~ Of late, cashew seedlings are first raised in nursery in containers and then transplanted in
.the mainfield, at the break of mionsoon. Container raising of seedlings and then transplanting

them in the field is more expensive, but has considerable advantages. Germination % is higher,

miortality is lower and a better selection of plants can be ‘made at the time of transplanting.

’n-ansplahtmg. One to two month old’ seedlings are preferr'ed for transfpl'anting.' __After
transplanting, the seedlmgs are provided with shade, support and water. ' '

'-Spacmg- A spacmg of 8-10m is recommended by Andhra Pradesh State Department of
Horticulture. Generally, square or rectangular system of planting is followed and on hill slopes
of Western ghats, contour planting is followed.

- Check Your Progress -1 _
What is the ideal age of the seedlmg of Cashew for transplantatron"
Note: (a) erte your answer in the space given below.
~ (b) Compare your answer with the one given at the c%

............ -..............................'.........O.............................

.....................................................................................

26.8. 'IRRIGATION

Cashew is a drought resistant plant. It thrives well in low as well as ‘heavy rainfall areas.
- Nevertheless, cashew requires irrigation during the initial two to three years, particularly in the
summer and other dry periods. It is advisible to clean the basins. periodically and mulch the
basins with dry leaves or paddy husk during summer to conserve soil moisture.

269. IN’I-‘ERCROPPING '

Cashew gardens are mtercropped durmg the initial {5-6) years only. Low spreading 1ntercrops
which can be harvested very early in the dry season or at the end of the rainy season are suitable for
cashew. In Andhra Pradesh, especially in forest plantations legumes like ground nut or horsegram
are raised in the allies. In private gardens finger millet, paddy nurseries, vegetables, clilli and
tobacco nurseries are raised. More recently, casvarina is raised as an intercrop in cashew in
Andhra Pradesh and Orissa. In Goa, Eucalyptus and Teak are raised as intercrops. On the
West cost intercropping is not practlscd on hill slopes, because of terracing and the need for soil
conservation. However, on plains in Kerala, Coconuts are intercropped with cashew
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26.10. WEEDING

In young gardens, ring weeding js practised. Weed growth beyond the rings is kept low by
slacing or by disc-harrowing. In mature gardens, weeding is seldom practised in India, except at
the time of harvest. Weeding should be done before the end of the rainy season,

Cashew trees are not generally pruned.

26.11. MANURING

The following fertitizer schedule is recommended by Central Plantation Crops Research
Institute, Kasargod (Kerala).

Year _ Ist Diose . IT Dose

| N P K N P X
I Year 100 80 - 50 40 -
Il Year 50 40 30 50 40 30
ITT Year 100 60 60 100 60 60

IV Year and onwards 125 60 60 125 60 60

For the existing bearing cashew trees of age 10 years or more, yielding 5kg of nuts per year,
250g N, 125g P50 and 125g K50 per tree p%_/ear were recommended in two split doses. For
trees giving more than 10kg of nuts, a hi evel of fertilizer application is advocated.

The first dose may be applied i y-August under East coast conditions. Similarly the
second dose may be applied in O ef- November on the East coast.

Fertilizes are applied in tr@es (10-15cm deep) dug about 100- 150cm away from the base
of the tree or fertilizers may be Broadcasted below the canopy of the tree and incorporated into
the soil with spades or garden rakes. :

Fertilizers should be applied when there is abundant moisture in the soil.

26.12. CROPPING

Cashew trees normally come to flowering in 3-5 years and by 10th year they attain commercial
status. There is only one season of flowering in cashew. Cashew flowers in January-February on
the East Coast,

26.13. HARVESTING

Harvesting commences from April on the East Coast and by the end of May the pickings
are over. The duration of harvest extends over a period of 45-60 days, as all the fruits do not
ripe at one time.

Generally the nuts which have fallen from the tree are gathered in the morning and as
frequently as possible during the day time. In Goa, the fruits are plueked from the tree with
least damage to the apple, as it is used for manufacturing Feni. After gathering the fruits, the
nuts are separated from the apples. ' '



_ The separated nuts are sun dried for 2 or 3 days and stored in suitable containers. Proper
drying is necessary, otherwise the nuis get discoloured in the storage.

26.14. YIELD

The individual tree yields differ widely. The average yield per tree in the country varies from
0.5kg in Orissa to 5.5kg in Kerala. Majority of the trees fall in the range of 2 to 3kg of nufs
per tree. Similarly the yields per unit area also differ from state to state, with highest in Kerala
{1200 kg/ha) followed by Karnataka and Goa (800 kg/ha), Andhra Pradesh and Tamllnadu (750
kg/ha). Al India average is about 400 kg/ha).

26.15. PROCESSING

The edible part of the cashew tree is the ‘kernel’ which is enclosed in a hard shell. The
extraction of this edible kerne] from the hard shell is called ‘Processing’. Cashew processing is
done mainly by human labour in India (i.e., Manual) and by mechanical means in other countries.
There are over 400 cashew processing factories spread over several states. Quilon in Kerala has
the largest number of processing units. In A.P. the processing units are located at Vetapalem
(Prakasam), Palasa (Srikakulam) Mori (East Godavari). There are bout 8{(} processing units at
the above three places. Besides the above, small scale Cottage industries are aiso operating in
Nellore, Guniur and Prakasam districts.

Cashew processing includes a series of steps as follows.

26.15.1, Roasting 0

roasting of nut is done to make the shell brittle for%’ shelling and to loosen the kernel
inside. Roasting of nuts is done by any of the three %Nhods viz., {1) Open pan method, (2)
Drum Roasting method (3) Oil-bath method.

Open Pan Method: Earliest method, stll@lowccl in cottage processing units. Nuts are
roasted in a perforated open pan over a fire. The CNSL, which cozes out during the roasting
process drips through the hole into the fire causing heavy fumes. Soon the nuts catch fire and at
this stage water is sprinkled on the nuts and thrown to the ground for cooling. 5o, this method
is not followed by big factories.

Drum Roasting Method: In this method, nuts are roasted in a roasting drum. The drum
is held in a stanting position and rotated with a handle. The drum is heated from below. The
nuts are fed from one end. The red hot condition of the drum permits the nuts to catch fire
within 3-5 minutes and by the time the nuts reach the other end of the drum they get roasted.
A temperature of 100°-120°(C is always maintained inside the drum, as the CNSL, oozing from
nuts burns. The burning nuts are released at the other end of the drum. The fire en the nuts is
put off by sprinkling aftes and ash.

The rate of shelling and the out turn of whoele kernels are very high in this method, however,
the main disadvantage in this methed is the total loss of CNSL by burning.

Oil-Bath Roasting Method: Here, tiie mits are allowed to pass through a bath of heated
CNSL, whigh is maintained at 190°-200°C. The nuts take 1-3 nuts for passing the CNSL, During
this passage, the cells of the shells get ruptured, releasing the shell liquid. The nuts are removed
and mixed with ash for cooling. By this process at least 50% of shell liquid is extracted.

In our state at all the processing centres, drum-roasting method is followed. While in Kerala
oil-bath roasting method is adopted in several pracessing units.
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26.15.2. Shelling

Breaking of the roasted muts to extract the kernel is called ‘shelling’. The roasted nuts are
broken with wooden mallets mostly by women labour in India, Pedal operated machines are also
used at some places, Great care is taken in shelling to minimise damage-and breakage of kernels,
to get whole, and clean kernels as many as possible. After cracking, the kernels are extracted
with a wire or needle. The % of the shelling varies greatly (24- 30%) with an average of 25%.

26.15.3. Drying

The extracted kernels are dried in hot chambers at about 80-80°C for 6-7 hours. The
extracted Kernels are spread on wire-mesh trays and the trays are staked in heat chambers.
Drying is done to loosen the red skin (testa) adhering to the kernals to facilitate easy peeling.

_ 26'15.4. Peeling

The kernel has a thin reddish brown or pmklsh outer skin or peel (testa). Removal of this
peel from the kernel is caIled ‘Peelmg Peeling is done by hand. Mostly women are engaged for
this purpose.

26.15.5.. Grading -

The process by which the peeled kernels are sorted out into different grades such as wholes,
splits, brokens etc. is called ‘Grading’. First the peeled kernels are sorted into wholes, splits etc.
on the basis of visual observation. Then the wholes are again graded on the basis of number of
kernels per pound (Counts). Grading in India is done mainly by manual Iabour. There are as
many as 25 grades, but only 8 grades are gen@ly in use. They are as follows:

1. 210 count - Zamboo wholes (Be@uality) .
2. 240 count -_Zambod whol ?"’
3. 280 count - America %

4. 320 count - standard quality

5 _Splits. '

6. Pieces

7. Baby pieces

8

. Broken bits.

26.15.6.  Sweating

The drying of kernels renders them brittle and liable for easy breakage durmg packing and
transit. To avoid this the kernels are spread in trays and kept in humid chambers for 5 hours,
where humidity is maintained at 80% by air-codlers. During this process theé kernels absorb
moisture and become less brittle, '

26.15.7. Packing

_ The conditioned kernels are finally packed by ‘Vita Pack Method’. In this method after
filling the kernels, the tins are vaccumiséd and filled again with CO, and sealed. Kernels are
packed in four gallon tins each holdmg 25 pounds (11.34 kg) of kernels.
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Check Your Progress - 2
What is the importance of the process of Sweating for Cashew Kernels" _
Note: (a) Write: your answer in the space given below,

{b) Compare your answer with the one given at the end.

P T T R R N R R R R R R I R R R R R R R I R R ]

...................................................................................

26.16. FOOD VALUE AND UTILIZATION

The important parts of Cashew that have food and ut1]1sat10n value are nuts, cashew apple
and cashew nut shell liquid.

- 26.16.1. - Nuts

- Cashew nut is the most versatile of all tree nuts and is put to a variety of uses. The kernels are -
mostly roasted and salted, Cashew kernel is a complete food in it self: Tt is low in carbohydrates,
but rich in proteins and fats. The kernel consists of high percent of vitamins,

The thin brown or pink coloured outer skin of the cashew kernel is the testa, It is rlch i
tannins, hence is mainly used in leather industry. The testa with adhering kernel pieces serves

as an excellent poultry feed.

26.16.2. Cashew Nut Shell Liquid 0 _
The cashew nut shell liquid (CNSL) is a by prod che'cashew industry. The liquid is

present in the spongy tissue of the mesocarp of 1. CNSL is a phenol and is used for

various purposes like the preparation of resin ishes, paints, insecticides, break-lings and .
wood preservatives. As an ann-coroswe, ship-bufsbms are painted with CNSL. :

26,16.3. Cashew Apple

The cashew apple is mostly wasted, except in Goa. It is xich in Vitamin ‘C’ upto 5 times that
of citrus fruit. The juice has 10- 12% sugars. However, because of the presence of astringent.
and acid pr1nc1p1cs they are not consumed largely. The most important utilization of cashew
appl€ in Goa is the synthesis of a liquor ‘Feni’, a sort of brandy, greatly relished and surpasses
even scotch whisky.

The juice is extracted from the apple and allowed to remain a few days for fcrmentatlon
The fermented juice is distilled twice to produce ‘Feni’.

The apple is also used as a fedicine for stomach ailments like diarrhoea. The apples can .
be dried and powdered into a meal and used as animal feed.
Check Your Progress - 3
What is the importance of Cashew nut shell Liguid?
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the end.
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26.17. IMPORTANT PESTS

1. Stem and root borer (Plocaederus ferrugineus L.)

Symptoms: This is the arch enemy of cashew tree, capable of killing the tree ont right. The
pest is common in old and neglected plantations. The adult beetle lays eggs in crevices and
cracks of bark on the trunk. On hatching the grubs bore into the bark and feed on the bark,
making irregtilar tunnels. This results in the damage of vascular tissues and arrestinig of the ascent
of plant sap, leading to defoliation and death of the tree finally. The symptoms of infestation
include the presence of gum, extrusion of frass through holes, yellowing and shedding of leaves,
. and drying of twigs. :

Control: The bark should be peeled at the place of damage, the grubs should be removed
and destroyed. Then the peeled portion of the bark is treated with Bordeaux paste. As a
prophylactic measure, the orchard should be kept cléan and the soil around the trunk sheuld be
swabbed with 1% B.H.C. solution before the onset of monsoon rains. The holes may be plugged -
with phorate granules and finally with moist black earth, o

2. Leaf and Blossom Webber (Macalla moncusalis W.)

Symptoms: This pest feeds on the ténder es and inflorescences, by webbing them. The

“adult moth lays eggs at the growing point{T}e caterpillar on emergence webs the terminal leaves
and panicles and feeds inside. - The RZ&L can be identified by such webs on the plants. This
results in the shedding of flowers At dlso feeds on tender, developing nuts and apples, which
drop prematurely. : .

Control: The pesi may beNontrolled by spraying Fenitrothion or Endosulfan (0.05%} on
the new flush and panicles, after mechanically disturbing the webs,

3. Leaf miner {Acrocercops syngramma M.) _ _
Symptoms: This pest mines into the young and developing leaves, causing blisters on the leaves.

Control: The pest can be controlled by spraying phosphomidon or Fenitrothion or Endo-
sulfan at 0.05% at the time of emergence of new flush,

4. Shoot and Inflorescence tip borer (Chelaria haﬂgrémma M)}

Symptoms: The caterpillar feeds on leaves tender shoots, inflorescence stalks, apples and nuts,
The caterpillar enters the shoots by making 2 hole at the tip and feeds inside, causing drying up
of twigs and panicles. At fruiting time, the larva enters the fruit at the joint of the apple and -
nut and feeds inside, leading to pre-mature fruit drop.

Control: The pest may be controlled by spraying Fenitrothion (0.05%) or carbaryl (0.15%) at
the time of new flush and again at the time of fruiting, -

5. Apple and nut borer (Nophopteryx spp.)

Symptoms: The larva bores into either applc or nut at the joint and feed inside. As a resujt
the development of kernel is arrested. The nuts get shrivelied, appies get haliowed and thus
drop prematurely, : :
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Control: As the caterpillars rcsndc inside the apple and nuts they are out of reach for the
chemicals. So preventive measures are more important. A prophylactic spray at the time of full
bloom or fruit set with (.05% Endosulfan or phosphomidon or carbaryl (Sevin) may reduce the
infestation,

There are no serious diseases on cashew.

Check Your Progress - 4 & 5

4, The scicatific name of the stem and root borer is

5. Shoot and inflorescence tip borer can be controlled by spraying
or :

Note: (1) Write your answers in the spaces given above.

(b) Compare your answers with those given at the end.

26.18. SUMMARY

Cashew was tntroduced into India by Portuguese during the 16th century from tropical
South America, which is considered as its native home. India is the largest producer of raw
cashew nuts and exporter of cashew kernels in the world. The major cashew growing states in
the country are Kerala, Karnataka, Andhra Pradesh, Tamilnadu, Goa, Maharashtra and Orissa.
Imporiant cashew growing districts in the state are Guntur, Krishna, East and West Godavari,
Srikakulam, Visakhapatnam, Vizianagaram, Nellore and Prakagsm. Recently Cashew Research”
Station, Bapatla has released six cashew varieties viz. Bpp. 2/11), Bpp 2(H 2/12), Bpp 3
(CSH 3/3), Bpp 4(EPM 9/8), Bpp 5 (Tr.No.1) and Bpp 6 {T8No0.56) for commercial cuitivation,
Cashew is a tropical tree and likes tropical climate, in Iyg ar coastal humid climate. The best
soiis, for cashew are deep, well-drained sandy loa thout hard pan, but with a water table
at least 3m depth, from the surface only and pEL 6. 7.5. The commercial method of cashew
propagation is by seed. Cashew can aiso be prop%ed by vegetative method like Veneer grafting,
air-layering, side- grafting and epicotyl grafting. Establishment of cashew orchards include steps
like selection of site, land preparation, seeds and sowing and transplanting. Cashew is a drought
resistant plant and is.well adopted for rainfed agriculture. Nevertheless, it requires irrigation
during the initial two to three years during summer for better establishment. During the initial
5 to 6 vears cashew gardens can be intercropped with paddy, chilly, tobaceo nurseries, vegetables
and even casuarina. Year wise manurial doses have to be applied regularly for optimum growth.
Cashew trees of 10 years or more, yielding 5 kg of nuts per year, should receive 250 g P05
and 125 g K5O per free per year indwo equal splits in July-August and October-Novembcr by
trench method. Cashew trees come to bearing by 3rd to Sth year. They flower only once in
the year during January-February on the East-Coast. The nuts are harvested during April-May.
The individna! tree yield differ widely. The yieid per ha. in Andhra Pradesh is about 750kg.
Extractiont of soft kernel from the hard nut shell of cashew is called ‘Processing’. It involves
steps like, roasting {open pan, drum roasting, otl-bath methods), shelling of roasted nuts, drying
of extracted kernels peeling of testa of kernels; sweating of peeled and graded kernels and finally
packing. Cashew kernels are rich in proteins, fats, carbohydrates and vitamins. Kernels are
mostly roasted and sajted. Testa is rich in tannins hence is mainly used in leather industry,
" Cashew nut shell liguid (CNSL) is a by-product of cashew industry and is used in the preparation

of resins, varnishes, paints, insecticides, break- lining, wood preservation etc. Cashew apple is

mostly wasted in Indiz except in Goa. In Goa akind of liquor ‘Ferf’ is distilled from the cashew

apples. Important insect pests of cashew are root and stem borer, teaf and blossom webber, leaf

miner, shoot and infloresence tip borer and apple and nut borer: These pests cause damage to
- the plant if prope;' attention is not paid. :
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26.19. . CHECK YOUR PROGRESS: MODEL ANSWERS

One to two months is the ideal age for the transplantation of the seedlings of cashew.

The dry kernels are brittle and liable for easy breakage during packing. To avoid this the
sweating of cashew kernels is usually done,

The cashew nut shell liquid is used for the preparation of resins, varnishes, paints, insecticides, -
break-lings, wood preservatives etc,

Plocaederus ferrugines

Fenitrothion or carboxyl

26,20, MODEL EXAMINATION QUESTION

1. Answer the following questions in about 30 lines each.

1.
2.

'3

4

Describe the various varieties of cashew, released by cashew Research Station, Bapatla,
a) Give in detail the climatic and soil requirements of cashew.

b} How do ybur propag:—.;te cashew comrercially. Describe the method.

a) Mention the criteria for identifying superior mother trees in cashew.

b) Describe in detail the method of air-layering in cashew. Explain why it is not adopted
on large scale,

a} Describe in detail the meth veneer grafting in cashew. Explain the conditions
under which veneer grafting is,sutCessful.

b) What is cplcotyl graftan»Descrlbe the procedure, Give the advantages of the methed.

1I. . Answer the following tions in about 10 lines each.
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1

2

3

-1 & h B

. Bring out different steps involved in the establishment of cashew orchard.’
Write about intercropping in cashew orchard. '

Give the mapurial schedule for cashew. Describe the method and time of appllcatlon
of manures and fertilizers.

. Write about the flawering and harvesting seasons in caéhew._
. Describe the different methods of roasting cashew nuts.
. Give in detail the different steps involved in processing of raw cashew nuts,

. Write about the food value of cashew nuts. How do you utilize the cashew kernels,
cashew nut shell liquid and cashew apple?

8. Give the details of damage caused by the insect pests on cashew with control measures

9, Descrlbe the damage caused by root and stem borer in cashew and suggest the control

measures,

10. Write in detail the damage caused by leaf and blossom webber in cashew and how do

11,

you control it.

Explain how leaf miner and apple and nut borer cause darmage to cashew and how do
you -propose to control?
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27.1. OBJECTIVES Q)

After going thfough this unit you will be able to:

list out and describe different varieties of coconut,

describe the climatic and soil requirement of coconut,

describe the method of growing the seedling in a nursery and the establishment of a garden,
explain the method of mainfield preparation and the caring of young patms,

list o.ut the manures that are used for adult palms and describe the method of application;
give a list of green manure crops and cover crops,

describe the method of harvesting and estimate the yields,

ol B T

list out the important pests and diseases of coconut, their casual organisms and the symptoms
caused by them and suggest the dlffercnt ways of controllmg them.

272. INTRODUCTION

The Coconut palm (Cocos nucifera Linn.) is the most useful palm in the world. It provides
the basic necessities of life of man viz., food, drink, fuel and shelter. The coconut palm is often
calied ‘Kalpavriksha', Indo«Malayan reglon is considered to be the probabie place of orlgm of
coconut palm.

334



Coconut growing is confined to the tropics only. More than 80 countries of the tropics are
engaged in the cultivation of the palm. The major coconut growing countries are: Philippines,
Indonesia, India, Thailand, Malaysia, Sri Lanka, Fiji, East and West African countries, West
Indies, Central and South America. India ranks third in the coconut map of the world, with an
area of 1.11 million hectares and production of 5677 million nuts. Of this Kerala's share is 6.59
lakh hectares (60%). About ninety two percent of the fotal area under production of coconut
in the country is concentrated in the four Southern States viz., Kerala, Karnataka, Tamilnadu .
and Andhra Pradesh. The crop is also grown in the states of Orissa, Maharashtra, Assam, West
Bengal, Gujarat etc,

27.3. VARIETIES

There are only two district varieties of Coconuts viz., the tall and the dwarf. The tall varieties
reach a height of about 30 meters, while the dwarfs are characterised by their short stature.

27.3.1. Tall varieties

The tall varieties are extensively cultivated throughout the world. The life span of the talls
range from 80 years or more. The tall variety comes to bearing in about 6 to 8 years after
planting. The nuts of the tall variety are generally medium in size, the quality of copra is good,
and oil content is fairly high as compared to those of dwarf types. The important tall varieties are
West Coast Tall, East Coast Tall, Lakshadweep Ordinary, Laksha Dweep Micro and Andaman
Ordinary.

West Coast Tall: 1t is largely culﬁvatr&q}n the West Coast of India. They start to flower
in 6 to 8 years after planting. Becadse cgg -percentage of cross-pollination, large variations
in size, shape and colour of the nuts erved. The shape of the nut varies from spheroid to
linear and the colour from green, , yellowish orange to brown. Under rainfed conditions,
the palm vields an average of 60 uts per year. Each nut on an average gives 165 grams of
copra with 72% oil.

East-Coast Tall: This variety is largely grown on the east coast of India. Bearing in this
variety commences from 7 to 10 years. It yields on an average 60-70 nuts per tree per year,
under rainfed conditions. The nuts have.150g of copra on an average with a mean oil content
of 60-70%.

Lakshadweep Ovdinary: It is native to Lakshadweep istands. It is almost similar to west
coast tall in growth habit and other characteristics. It is comparatively a high yielder with an
annual production of 80 to 180 nuts per palm. The nut yields 140 to 180g of copra with an
oil content of 70 per cent. However, its petformance is better at lower altitudes than at higher
aititudes.

27.3.2. Dwarf Varieties

Dwarf are characterised by their short stature, They are generally self-poliinated untike talls.
They start bearing in about 3 to 4 years after planting, but are short iived with a life span of
40-50 years. A fully grown one rarely exceeds a height of 5 meters. Though they yield heavily,
they exhibit a tendency of alternate bearing. The nuts are small, the copra is soft and leathery,
with fow oil content. The dwarfs are mainly grown for tender nuts and as an ornamental palms.
The following are the important dwarf varieties grown in India.

{i) Chowghat Dwerf: This is found on the west coast of India and has two distinct forms

viz., Chowghat dwarf orange and chowghat dwarf green, based on the colour of the nuts. These
are early bearers but short lived. The annual yields are high when compared to talls. Thus mits
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are oblong with tapering ends. They are smaller and tender, and yield 170-225g of sweet water
and 90-100g of copra.

(3) Ganga bondam: Thisisasemi-tall variety from Andhra Pradesh. The palm commences
flowering in the fourth year. It is an irregular bearer. The nuts are medium sized. The average
yield is about 60 nuts per palm per year. Copra content is high with good quality and 72 per
cent oil,

27.3.3. Hybrid Palms

(i) Tall x Dwarf {TxD) hybrids: The female parent west coast tall was crossed with
choughat dwarf orange as male parent, to combine the characters like early and profuse bearing
of the dwarf parent and economic character’ like medium size, high copra out put and oif conient
of the tall parent. The hybrid palm comes to bearing in-ahout 4-5 years. The mean annuai yield
is 100 nuts. The average copra content is 185g with about™70% oit content.

(i1) Dwarf x Tall {DxT): Here the dwarf is the female parent, while tall is the poilen
parent. The DxT hybrid is more vigorous than either of the parents and starts bearing In four
years after planting and out yields the parents. 1t is a heavy bearer yielding 100-130 nuis per
palm per year. The copra content per nut is.about 200g with an oil content of about 70 per cent.

Check Your Progress - 1
Give two examples for dwarf varieties
Note: (a) Write your answer in the space given below.

(b) Compare your answer with the one given at the

.............

..................................................................................

27.4. CLIMATIC REQUIREMENTS

The coconut palm is a tropical tree, and grows best under hot moist climatic conditions.
The best plantations are located upto 600 meters above mean sea level. For best growth
and maximum production, an optimum annual temperature of 279C is required with a diurnal
fluctuations of 6°-7°C. It does not stand extrémes of temperature. This distribution of rainfali
is more important than the quantum of rainfall. A weil ‘distributed annuat rainfall of 2000mm
is optimum. But the palm can come up under a wide range of rainfall conditions varying from
1600 to 3500mn: with irrigation and proper moisture conservation as the case may be. A dry and
windy atmosphere is always beneficial in the presence of adequate soil moisture. Slight winds
are desirable, but not cyciones etc. The paim requires an annual sunshine of 2000 hours.

The coastal climate, which is always more humid and less prone to wide fluctuations of
temperaturei is more favourable than the interior localities.

27.5. SOIL

It adopts remarkably well and grows well in almost all types of weil-drained tropicai soils
such as coastal sands, red loams, laterites, alluvial and the reclaimed soils of mostly tow-fand, with



pH ranging from 7.0 to 8.0. Though coconut grows undei a wide range of soils types, moisture
availability is the most important single factor that determines the suitability of a particular soi
type. In areas where long spells of dry periods are likely, it is desirable to have deep and fine
soil types possessing good water holding capacify. Inadequate drainage is harmful, but the palm
can withstand occasional floods. However, water stagnation for long periods is harmful. So in
heavy rainfall areas well drained soils are the most ideal.

Soil conditions most suited for best performance of the palm area are proper drainage, good
water holding capacity, presence of water-table within 2 to 3m depth and absence of rock or any
hard substratum within 1 or Zm.

27.6. PROPAGATION

The principal means of propagation of coconut is seed. Coconut is a cross-pollinafed crop, so
seed propagation results in a considerable genetic variation in the progeny. So, greater emphasns-
must be given to the selection of superior and tight type of planting material.

-Seed nuts should be collected from selected mother palms, which have reached full bearing
status which are between 25 to 60 years of age, The mother palm should be healthy, vigorous, and
a regular high yielder. Other factors, such as high proportion of female flowers, ideal distribution
of female flowers, high percentage of fruit set, less tendency for fruit drop and high contents of
copra and oil, should also be taken into consideration.

Seed nuts with typical shape of the variety, thin husks, and a higher husked nut weight of
11-12 months old, should be collected from March to June. Collected seed nuts may be storéd
for about a month prior to sowing for speedy agd maximum germination. ‘After harvesting, they
are spread on a thick layer of sand with the stalk-end up and completely covered with sand to a
thickness of about 7cm. Seed nuts stored remain viable for about 8 months after harvesting,
meanwhile nursery beds are prepared @s.follows.

P

27.7. NURSERY Q;C'

v

A site with loose and friable soils and.adequate irrigation and drainage, having a greater
portion of sand is selected for coconut mirsery. Open sites are preferable. The nursery beds
of convenient length and width, to accommodate only 4 to 5 rows of seed nuts are prepared.
Seed nuts are sown at the break of monsoon rains, To ward off termite attack the seed nuts are
dipped in 0.2% solution of B.H.C. or D.D.T. prior to sowing. Seed nuts are planted at a distance
of 30-45cm on either side. They are planted honzonta[ly

Nursery beds are regularly weeded and watered for achlewng early and maximum gcrmmatlon
of seed nuts. The beds are not manured generally

Under favourable conditions, seed nuts complete thelr germlnatlon by 5 months. ‘Whien the

“seedlings are about 9 months old a vigorous seedling selection is practiced. Only healthy, vigorous

seedlings with good girth (10cm) at collar and having at least-6 leaves, with early indication of
splitting should be selected for planting in the main field. - :

One day earlier to lifting, the beds should be irrigated judiciously for 'e'asy lifting of the
seedlings. Seedlings are lifted gently after loosening the soil around the nut. Then they are
packed individually in gunny pieces or palmyra baskets in groups.

27.8. ESTABLISHMENT OF COCONUT GAkDEN-

In general a spacing of 7-9m under square or triangular system of planting is recommended for
coconut. In monoculture, triangle system is advisable, Square system is preferable when coconut
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fs mixed with other perennial crops. However, for mixed cropping hedge methods are more

preferable, because they facilitate penetration of more sunlight, besides offering comparatively .

little root competition.

Hedge system of pIanting of coconuts is of recent development in which more seedlings than
necessary are planted in a unit area by adopting a wider inter-row spacing and closer intrarow
spacing. Single and double hedge planting can be practised. In single hedge planting a single

row of plants is laidout, while in double hedge planting two are paired. With this method the
land between rows could be utilized for other perennial crops. For single hedge planting 6.5m in

rows and 9m between rows and in double hedgc planting 6.5m x 6 Sm in rows and 9m bctween
pairs of rows are adopted.’ : :

27.9. MAINFIELD PREPARATION

The pits (1m3) are usually dug and prepared 2 to.3 months in aavance at the appropriate |

spacing. After digging the pits, they are exposed to weathering and usually organic refuses are
burnt in the pit and the sides are chared to prevent termite attack. Before planting, the pits are
filled with the top soil, kept aside mixed with river sand, wood ash, bone meal and muriate of
potash. To prevent incidence the soil may be mixed with BH.C. 10% dust at the rate of 50g

per pit. In sandy soils and in areas of drought, two layers of coconut husk should be placed .

at the bottom before filling the pit with top soil. After filling, the pits are well watered for
- consolidation,

The best time for planting in light soils is just before the commencement of monsoon rains-
(May to June). In low lying, and heavy rainfall areas, the planti §g of cocomut seedlings must be .

done either long before the onset of monsoon rams or the ¢ ion of.rains.

'I‘he seedlmg, after Ilftmg from the nursery, should be'pldnted without much dclaj. A small .
hole in proportion to the size of the seednut is scooped i?thc centre of the pit and the seedling is

.planted in such a way that.the top of the husk of t is just visible outside. The soil around

the seedlings is pressed firmly, The seedlings r%b held in position by staking. Immediately_

after planting the seedllngs should be watered.

1270 CARE OF PALMS

The newly transplanted seedlings should be watered regularly at least during the first two or .

three years. Further, seedlings should be shaded adequately during summer to reduce casualties
and frequency of watering. Weeding the basins is also very essential to conserve moisture and
nautrients for the exclusive utilization of the seedlings. A circle of about 1 to 2m in radius must
alwa;;f be kept free from weeds and the area is mulched WIth dried weeds or any other orgamc
mulches.

The adult stage of the coconut palm commences with ﬂowermg and continues till the death

of the palm. So judicious manuring, irrigation and regular cultural practices during this stage

are very essential to maintain yields at a high level.

27.11. MANURING OF ADULT PALMS

The'coconut palni is a perennial crop and once it starts bearing, the production phase

continues uninterrupted throughtout the year in 80 or more years. 1t is therefore, very essential
that the palms are manured regularly year after year. The fetilizers may be applled as shown in
the: table. .




Fertilizers should be applied -at.the active rooting zone i.e. at a radius of about 2m around -
' the palms The time of application of fertilizer varies from tract to tract depending upon the
~ onset of monsoon. Under rainfed conditions fertilizers may be applied in two split doses. After
.. thereceipt of monsoon showers, one-third of the recommended dose of fertilizers may be apphed_ _
- during June-July, the fertilizers are spread around the palm in a radius of 2m and mixed in.
. Circolar basins of 2m radius and 20-30cm depth are dug during August-September and green -
" ‘leaves or compost is spread in the basins 30-40kg per pdlm and covered partially. The remaining
_2/3-dose of fertilizers is spread over the green leaf or compost during December-January and
.- the basins are completely covered.. In addition to the above fertilizers 1kg of dolomite or 1kgof
- lime and 500g of magnesium sulphate per palm per year may be applied. Dolomite or lime-may
“beé broadcasted in thé basins in April-May and incorporated into the soil by forking, however,
it should not be applied with other fertilizers, Magnesjum sulphate can be applied along with
other fcrtillzers in the basins in September.

o 'Tablc 27 1 Fertxllzer Rccommendatlons for Coconut {Rainfed)

.A.ge. after plant.mg. - June-July Nutrient g/palm December-Tamiary Nutnent (G!palm)
IYear =~ -~  Plantingin May-June 35 17 . 76' |

TII Year - B -~ T B 150 15 . 75 . ¢ _”_100
IV Year and onwards 110 55 295 230 115 45 5

Table 27.2. Fertilizer R_’ecomrhendations fox\@onut (irrigated) g/palm.

A'gc after Planting -~ = N Péo} - K50 Time of application

| © W ©
1 Year ' 50, X 40 135 In four equal splits during .
11 Year ' 1;% 120 400 April-May, August-September
Tl Year 330 240 800 December and February. =
IV Year and onwards 500 - 320 1200

'27.12. IRRIGATION

Coconut responds well to irrigation which increases the yield considerably. Irrigation also

" increases the size of the nuts. So palms should be irrigated during summer months in basins of

© 2m radius and 10-20cm depth dug around the palms. The water requirement of a palm varies

according to the soil type and climatic conditions. Generally, an adult palm requires 400 to 800
litres of water once in four to eight days. '

27.13. MOISTURE CONSERVATION

_ Burying fresh or dried coconut husks around the palms is a very beneficial practice for
moisture retention especially in drought prone areas. Husk burial is practised in India and
Sri Lanka for moisture conservation. Coconut husks act as water reservoir in the soil and in
addltlon supply the palms with small amounts of potash.

_ At the beginning of monsoon coconut husks are buried either in linear trenches of 1.5 to
- 2m wide and 30-50cm depth, taken 3m away from the trunk between rows of palms or in circular
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trenches dug around the palm at a distance of 2m from the trunk., The trenches must be dug
against the slope of the land. The husks-are to be placed in layers with concave surface facing
upwards and each layer is covered with soil. The last layer should be 20cm below the ground
level. About 500-1000 husks are needed per palm depending on the-age. The beneficial effects
of husk burial will last for about S to 6 years, so the process should be repeated after every six
years. :

The husks are also useful as a surface mulching material for moisture cornservation in the
tree basins. : : ' '

Check Your Progress - 2
What do you do for the moisture retention in coconut fields in drought prone areas?
Note: (a) Write your answer in the space given below.

(b Compafe your answer with ._the cne given at the end..

...................................................................................

uo-----tota----oo.:t;----._o--------..------..-..----..---.--i -------------------------
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2714, INTERCULTIVATION .

Only minimum tillage is required for coconuts. Frequen d excessive intercultivations are
not necessary. Inter-cultural operations are mainly intended™o control weeds and to provide
aeration to the soil. Interctltivation may be done either b; ging or ploughing the orchard soil
Intercultivation prevents the formation of surface majting of roots, provides proper aeration
and keeps down the weeds. Intercultivation twiceqpkthe winter and twice in rainy season is the
optimum requirement. o % o ' '

27.15. GREEN MANURE CROPS AND COVER CROPS

The.earliest and most economic method of improving the organic matter in the soi! is the
raising-of a green manure crop in situ and its incorporation into the soil. Sunnhemp (Crotalaria
juncea), wild Indigo (C. striata) and cowpea (Vigna unguiculata) are the suitable green manure
crops for coconut. These should be incorporated into the soil when there is plenty of moisture
in the soil and they are about to flower. Green manure crops may'be sown with the onset of
monsoon showers (June) and may be incorporated during August-September.

Cover cropping is beneficial in coconut gardens to prevent soil erosion, control of weeds,
regulation of soil temperature and finaily for the supply of organic matter to the soil. In India,
Indigofera hirsuta, Calopogonium mucunoides, Mimosa invisa and Pucraria phaseoloides are
commonly grown as cover crops in coconut gardens. The cover crops must be incorporated
into the soit, at least once in two years to-gether with phosphatic fertilizers. In areas where soil
moisture is a Jimiting factor, cover crops should be raised, to prevent adverse effect on yields of
cocomit, o

27.16. INTERCROPPING

~ The coconut paims take more than five years to come to bearing. There will be adeqguate
space between the young seedlings, which can be utilised profitably by intercropping. Catch crops
like pine apple, tapioca, banana, dry paddy, millets, pulses, etc. are suitable for this purpose.

349



- However, these intercrops should receive adequate and separate irrigation and fertilization,
since, intercropping coconut without the use of fertilizers and irrigation is definitely harmful
to the palms. Under irrigated conditions, coco forms a very benéficial crop combination with
coconut, Other crops suitable for mixed cropping in coconut include pepper, and tree spices like
-cinnamon, clove and nut meg,

27.17. HARVESTING & YIELD

Under sound management conditions tall varieties start flowering in about five years after
planting, while dwarfs begin to flower in the third or fourth years of planting. In both cases, full
bearifig status is reached only two years after the commencement of flowering, After stabilization
of yields, the palm has a bearing life of over 60 years.

Coconut generally takes 11-13 months for maturation from the time of opening of flowers.
Only fully matured nuts should be harvested for getting maximum yield of copra and oil. Tender -
nuts for drinking purpose are harvested when the nuts are 6-7 months old. Nuts which are 11
months old give better quality fibre and fairly optimum yield of copra. Harvesting can bé. done
at 30 to 60 days interval, In India harvesting of nuts is commonly done by experienced climbers.

An average yield of 60-100 nuts per palm per year can be obtained from the tall variety -
under rainfed conditions in India. When irrigation is coupled with good management, average
yield may go upto 80-120 nuts per palm per year. On an average about 5500 nuts can be obtamed
from one hectare of coconut garden in India,

27.18. COCONUT. PRODUCTS \\

The coconut palm gives severa[ pr%@ Every part of the palm is useful. in one way or the
other. It supplies food, drink, shelt and also raw materials for a number of indistries. As
such the coconut palm is rightly céﬂ"Kalpavrlksha

The kernel (endosperm) o ripe coconut is an important food article, useful for various
culinary purposes. The kernel is rich i in fats (41.6%) carbohydrates (13%) and in vitamins A, B,
Cand E.

One of the chief commercial products of coconut palm is the copra, the dried endosperm-
of the coconut fruit. Copra made in India is of two types viz., edible and milling copra. Edible
copra is a highly valuable commodity in the world market of oil seeds, meant for edible purposes.
The milling copra is mainly utilized for oil extraction. Edible copra is of two types- Ball copra
is made from fully matured (; 12 months old) whole unsplit nuts after storing them for 8-12
‘months in a shed. While cup copra is made from nuts by splitting into two halves and drying.

The chief commercial product of coconut palm is the cocomit oil. The coconut oil is an
endosperm oil, which is extracted traditiona! fy by crushing the milling copra. In modern methods
oil is extracted by mechanical or solvent extraction techniques. The coconut oil is a rich source of
fat and is extensive[y used for edible and industrial purposes. Because of the easy digestibility of
coconut ofl, it is used as an essential ingredient of many ghee preparations, The major industrial
use of cocormt oil is in soap industry. It is also used i in toilet articles, creams ana cosmetics,

The residual cake obtained after oil extraction is the coconut cake, which is mainly used as
cattle and poultry feed and some times as an organic manure,

Coconut fibre or coir is the chief by product of the coconut industry. It is obtained from the’
mesocarp {husk) of the coconut fruit. Coir has been used by man since ancient times. Coir based
industries have developed in many coconut growing countries, especially in India and Sri Lanka.
In India coir manufacturing is a traditional industry, which fetches substantial foreign exchange.
Coir is extracted from husks either by natural retting or mechanical or chemical methods of -
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retting. In India, natural retting is foliowed. Coir is used in many ways. It is used for rnakmg
mattresses carpets wall decoratlons etc.

Colr dust, a by product of coir industry is used as-a manure or Soil cond1t1oner It forms an
excellent surface muich, : :

The hard endocarp (coconut shel!) of the coconut fruit is another by product of coconut
industry. The shell is mainly used as fuel. To a lesser extent, it is used in the manufacture of
hookah shells, domestlc utens;ls curious fancy items, ashtrays, ﬂower vases, latex eollectmg cups

_ _The stemogj the coconut palm is generally used in house construct;ons The palrn leaves
.ar_e used for footmg,{gpcmg_ and for making baskets, The midribs of the leaves are made into
brooms, bird cages and fishing traps. The petioles, bunch stalks, spathes, stipules etc,, are used
as fuel and the resultant ash being. rlch in potash is used as manure. The roots are used 1n
lcertam medlcmal preparatlons for the treatn‘lent of dysentery, mouth wash etc. :

27.19. IMPORTANT PESTS AND DISEASES“ OF COCONUT .

'A Pests L
I, Rhmoceros Beetle (Oryctes rhinoceros L)

Symptoms. ThJs is the most destructwe pest of the coconut palm The adult beetle lS dark
brown to black in colour, with a characteristic horn on the head. The adult beetle bores into the
- soft tissue of the apical bud by cutting and chews the tender-unopened leaves and inflorescences.

Control: Since the breeding place of these beetle is manure pits and other decaying refuses,
these may be sprayed every alternate month with 0.1 per ¢ .H.C. solution. The grubs may
be picked by hand from the breeding places and destroye ‘adult beetle may be hooked out
Wlth an lron rod from the holes and destroyed : : . S

2 The Black Headeqd Caterplllar (Opisina agehgs Ha)

Symptomnis: This is another sérious pest of oconut Larva is the destructwe agent, w}uch
feeds on. the leaves. The infested leaflets dry up. : o

Control: In heavy rainfall areas, the pest is controlled by spraymg 0.2 per cent BHC once in
two months. In dry areas 0.5 per cent Malathion spray is quite effective. Light traps are also
usefi] to attract the adult mgnths. In severe cases, biological control of the pest is better.

The Red Palin Weevil (Rhychophorus ferrugineus F.)

Symptoms: The adult weevil is a brown cylindrical insect with long curved snout. The damage
is caused by the grubs which spend all their time in side the palm tree, feeding on the soft tissue,
The damage is severe, and once the Weevil gets into the palm, the tree is bound to die. A
reddish brown’ llquld generally oozes from the holes

Control: The pest usnally lays eggs in the sounds caused by rhinoceros beetle. So these wounds
must be closey to avoid egg laying. The pest may also be controtled by injecting pyrocone Ec at
1 per cent at tne rate of 1000- 150{}00 per tree through the top maost hole after closmg all other
holes on the trunk w1th cement

B. _Diseases

1. Budrot

Symptoms. This is a fatal d;sease of coconut palm caused by Phytophthora palmwora The
dlsease is charactensed by the rotttng of termmal bud and the surrounding tissues. The mczdence
is severe dunng rams _ :
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Control: In the early stages of the incidence the disease can be checked by removing all the
affected tissue and spraying with one per cent Bordeax mixture. In the advanced stages, there is
no possibility of recovery. The disease can effectively be prevented by spraying Bordeaux mixture
regularly at 40 days interval before and after rains.

2. Trunk and Root Rot

Symptoms: The disease is caused by a root infecting fungus Ganoderma lucidum. The disease
is fatal, but its occurrence is restricted to lighter soils. Though the seat of infection is the base
of the trunk, symptoms develop on the crown. The older leaves wither, and drop and remain
suspended for long until they are shed. The new leaves wither and decay. These symptoms are
accompanied by the exudation of brownish liquid on the trunk. Gencral[y the symptoms appear
on palms aged 40 years and above.

Control: Badly infected palms should be cut and destroyed. Powdered sulphur at the rate of
2kg per palm may be applied to the soil around the palm as an effective check against the disease.

3. Stemn Bleeding

Symptoms: Unfavourable soil conditions play a major role in the incidence of disease. The
fungus (Thielaviopsis paradoxa) is a weod parasite. The characteristic symptom is the exudation
of rusty brown liquid from cracks and cuts on the trunk. The tissue below the bleeding region
gets decayed. In advanced stages, the bark peels off and the trees may be broken by winds.

Control: The diseased portions of the stem may be clipped and completely scooped out and
the wound is then dressed with coaltar or Bordeaux paste or Aureofungin.
4. Tatipaka Disease

Symptoms: This disease is of unknow t}hgy, reported from East Godavari district.- The
initial symptoms of the disease are a suddep!inorease in the yield and the development of dark-
green leaves. After this the yield begt?«o decline. Small and pale leaves are produced. Nuts
become smaller with sponge-like As the disease progresses the trée becomes barren
with a tampering stem. The II@S ow decay and the palm dies in due course.

Control: Destruction of the badly affected palms may prevent the spread of the disease.
However, no effective control measure has been found so far.

Check Your Progress - 3 & 4

3. The scientific name of Rhinoceros beetle is

4. The bud rod of coconut is caused by

Note: (a) Write your answer in the space given above.

(b) Compare your answer with those given at the end.

27.20. SUMMARY

Coconut palm provides food, shelter & raw material for industries. There are tall varieties,
dwarf varieties and hybrids. Tall varieties are West Coast Tall, East Coast Tall and Lakshadweep
ordinary; Dwarf varieties are Choughat dwarf, and Ganga Bondam; and Hybrids palms are (a)
Tall X Dwarf hybrids (b) Dwarf X Tall. It grows best under hot moist climates in proximity of
sea-coastal humid climate is ideal for best performance. It grows well in any soil, provided it is
well drained. In arid climates, deep and fine soils are best, without hard pan in the soil horizon.
The principal means of propagation is seed. Seed nuts are collected from selected mother palms
which have reached full bearing status. Coconut nurseries should have a site with loose and
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friable soils with a greater portion of sand. In the establishment of a garden generally a spacing
of 7-9m under square or triangular system of planting is recomended for coconut, Frequent and
excessive intercultivations are not necessary and only minimum tillage is required. Generally the
coconut palms take a minimum of 5 years to come to bearing and takes 13- 13 months for the
maturation of coconut from the time of opening of flowers,

Com_:onut palm gives several important products. It supphcs'food, drink, sheltez, oil and raw
materials for a number of industries. The important pests of Coconut are Rhinoceros beetle,
the black headed caterpillar, and red palm weevil and the important diseases are bud rot, trunk
and root rot, stem bleeding and tatipaka disease.

27.21. CHECK YOUR PROGRESS: MODEL ANSWERS

The examples for dwarf varieties are chowghat dwarf and ganga bondam.

2. In drought prone areas the moisture retention in coconut fields is done by. hurrymg frcsh
or dried coconut husks around the palms.

3. Oryctes rhinoceros

4. Phytophthora palmivora

27.22. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.
1. Describe the tall varieties of coconut. - 0
. Describe the dwarf varieties of coconut. (:}
. Describe the characters of West Coast Tall, @st Coast Talt, and choughat dwarf.

f coconut,

2

3

4. Bring out the salient features of hybrid and Ganga Bondam.
5. Give the climatic and soil requirement ﬁ

6

. How do you propagate coconut. Give details as selection of mother palm, seed nuts,
method of sowing and selection of scedlings from a nursery bed.

7. Give the manurial schedules for aduit palms both under rainfed as well as irrigated
conditions. How and when do you fertilize the palms.

8. Describe in detail mtercultlvatlon inter-croping and raising of cover crops in coconut
gardens. .

9. what are the commercial products and by-products of coconut paim. Bring out their
uses.

10. Enumerate the important insect pests that attack the Coconut palm, with nature of
damage and control.

11. What are the important diseases of coconut palm. Describe the symptoms and damage
caused by them. How do you check them.

1X. Answer the following questions in about 10 lines each.
l Distinguish between tall and dwarf varieties of coconut.

2. Describe the salient features of (a} East Coast Tall and Ganga Bandam or (b) Hybrid
palms.
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3. What type of climate is required for coconuts.

4, What type of sorl is required for coconuts.

5 What are the criferia prescribed for se!ectmg a mother palm for propagation. How and

12.

when do you collect the seednutsin coconut

.. Describe the. plantmg of coconut seedlings in respect of digging pits, time and method

of piantmg

. How do you take care of young coconut seedlmgs in-the main field.

8. How moisture can be conserved in the coconut gardens, Describe the procedure

. How do you rise green manure and cOVer crops in coconut.
10.

11.

13.

Write about intercroping in coconut garden.

What are the chief commercial products of coconut. How do you make ball and cupr‘
copra. Write briefly. about-coconut oil and its uses. :

Give the nature of damage and control measures in case of Rhinoceros beetle or Black
headed caterpillar or red oil palm wecvﬂ

Give the symptoms and control measures in case of bud rot, or Trunk and root rot.
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Dryland Farming and Recommended Practices
Plant Nutrients 0

Crop Production 0

Rice
‘Wheat and Maize ?‘

Sorghum
Bajra, Ragi an&on’a

Groundnut

LCastor and Gingelly
Safflower and Sunflower
Greengram and Blackgram
Redgram and Bengalgram
Sugarcane

Cotten

Chiilies

Turmeric, Ginger and Coriander
Tobacco

Mango

Citrus

Cashewnut

Coconut



DR. B.R. AMBEDKER OPEN UNIVERSITY
FACULTY OF SCIENCES

B.Se, IIT Year (3 YDC) Examination

MODEL QUESTION PAPER
BOTANY - Paper-EV
Crop Prodiction
Time: 3 hours ' ~ Max. Marks: 75
Section - A

Note: Answer any Three of the following
questions in about 30 lines each.

Each question carries 1§ marks.

List 5 cotton varieties that are popularly grown in A.r. and give their characteristics

2. Listthe advantages and dlsadvantages in the use of chemical weedicides and list the llmltatlons :

16.

1.
12.
13.
14.
15.
16.

in use.

Give-three examples in each for long, medium and short duration sugar cane varieties grown
in A.P. Descnbe one variety in each category.

Discuss the main principles of dry farming and descnbe@ﬂy the important practices for
soil and moisture conservation. -

Describe different steps that are necessary for establishing the coconut garden.
Discuss the advantages and disadvantages of manuring.
Section/- B

5x6 = 30

Note: Answer any Three of the following
questions in about 10 lines each.

FBach question carries 6 marks.

List three important varieties in Castor that are grown in AP. and briefly descrit~ their
characteristics.

Give the cultivation details of wheat crop with respect to time of sowing, seed rate, depth of
sowing and recommended fertilizers.

Briefly give the cultivation details of safflower.

List five important mango varieties and hybrids and give an account of art1f1c1al ripemng in
mangoes.

“Give the repsons for the low yield in groundnut in AP, .
‘Give the particulars of climate, soil, season, varieties and fertilizer schedute for Corlander
Give the control measures for the control of black headed caterpiilar-on Coconut

List three important redgram varieties grown in A.P. and describe their characterlstlcs

List theee major pests on Ragi crop and give control measures.

Give an account of vegetative method of propagation in Cashew nut.
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COURSE - IV: CROP PRODUCTION
ASSIGNMENT - 1

N.B.
1. Do not copy the answer directly from any of the books.
As far as possible try to answer the questions indcpendently_in your own words.

If it is necessary to guote from any source give the correct reference.

Lol

Use your own fullscape pages for writing the assignment.

ta

Leave sufficient margins for the comments of the evaluator.

6. Completion of this assignment should not take more {San two hours time.

1. Answer the following questions in about 30 line%?.-
1. Give an account of the classificatiop. ol Wlanures.
2. Write the classification of weeds based on several factors with 2 examples each?

3. Describe the symptoms of deficiency of essential elements.

11. Answer the Following guestion in about 10 linies each.

1. What are the Agroclimatic zones in Andhra Pradesh? What is the basis for thetr
classification?

2. Define tiith. Mention the usefuiness of tilth.

3. What are the advantages of inter cropping?
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DR. B.R. AMBEDKER OPEN UNIVERSITY

FACULTY OF SCIENCE
BOTANY

COURSE - IV: CROP PRODUCTION
ASSIGNMENT - 2

1. Do not copy the answer directly from any of the books.
As far as possible try to answer the questions indepen_dently in your own words,

- I it is necessary to quote rrom any source give the correct reference.

2.

3

4. Use your own fullscape pages for writing the assighment. '
5. Leave sufficient margins for the comments of the evaluator.
6

Completion of this assigﬁment should not take mo?{hfa} two hiours time.

Nt
I. Answer the following questions in about 30 Ii@,‘?\
1. _' Discuss the merits and demerits of 1 a, Japonica and Javanica varietics.

2. Describe the symptoms caused by important pests of sorghum along with their control
Measures. ' )

-3:  Write briefly on the cultivation of Groundnut along with the pests & Diseas caused to it:

- . Answer the following questions in about 10 lines each,

1. Write briefly about the classification of wheat varieties..
2. Mention the symptoms caused by important diseases-of Ragi.

3. Write a short note on the weeding and interculture operation in safflower.
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BOTANY

COURSE - IV: CROP PRODUCTION
ASSIGNMENT - 3

N.B.

1. Do not copy the answer directly from any of the books,

5. As far as possible try to answer the questions independently in your own words.
3. If it is necessary to guote from any source give the correct reference.

4, Use your own fullscape pages for writing the assignment.

5 Leave sufficient margins for the coraments of the evaluator.

6. Completion of this assignment should rot tzke miore than two hours time.

A

D

1. Answer the following questit}ns: in shout 38 lines, Q

1. Describe in brief the characteristics of fibr@&waluating the quality of ¢otton.

9 . Describe in detail the ditferent curing ;@esses of tobacce.

4. Drescribe the different steps {hat are invoived in the processing of Cashew Kernels, Adc a
note on the importance of CNSL. :

T1. Answer the following ynestious in-about 14 lines cach.

Describe in brief the process of Jaggery making.
Y

Tt

Describe the normal and improved methods of drying of chilli.

5\)

3. Describe the differént methods of storage in Mango.
. (=3

L
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