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Role of Optimum Plant Nutrition in Drought Management
in Rainfed Agriculture

Rainfed areas experience frequent drought spells resulting in severe moisture
stress in sofl-plant system. Besides the amount and distribution of rainfall, soil
type and its depth are other important factors, which affect the moisture availabitity
for crop growth. Soils in rainfed areas are denerally deficient in one or more

nutrients. Optimum plant nutrition heips in earl / establishment of rainfed crops by CH. SRINIVASA RAO
developing the right crop canopy structure and root system. Balanced nutrition JV.N.S.PRASAD
increases the amount of vegetative cover which has 2 key role in retarding runoff K.P.R.VITTAL
and increase the infiltration. Optimum nitrogen and phosphorus nutrition results B.VENKATESWARLU
in the development of deep root system, increased leaf area and chlorophyil and

content. Adequate potassium supply on the other hand helps in plant water K.L.SHARMA

economy by reguiating stomata resistance. Sulphur addition is essential to qil
seed and puise crops on S deficient soils. Zinc deficiency is more common in
most of the soils in rainfed regions of India. In view of these multinutrient
deficiencies, addition of aptimum nutrients act as ‘drought insurance’ for dry land
crops. Supply of nutrients in the form of organic manures helps in retaining more
moisture which otherwise will go waste as runoff water, increasing water storage

Central Research Institute for Dryland
Agriculiure, Santoshnagar,
Hyderabad, 500 059
{Andhra Pradash)

capacity and thereby increases water and nutrient use efficiency in drylands.
Combining in-situ soil maisture conservation and balanced nutrient supply boosts
the productivity levels in dryland agriculture.

Of the net cultivated area of 142 m. ha,
about 97 m.ha still depends on rainfall.
‘About 90 per cent area under cereals
(sorghum, pearimillet and fingermillet), 90
per cent under pulses (chickpea and
pigeonpea), 80 per cent of oil seeds
(groundnut, rapeseed, mustard and
soybean) and 65 per cent under cotton is
rainfed (13). Even crops that formed the
backbone of the green revolution, such as
rice and wheat, still have 50 per cent and
19 per cent area under rainfed condition,
thus, emphasising the importance of
rainfed agriculture in India. In dryland
agriculture which constitute the
unirrigated rainfed areas receiving less
than 750 mm annual rainfall in arid and
semi-arid regions emphasis is on water
conservation, appropriate cropping
system, optimum inputs for soil fertility
maintenance and control of wind and
water erosion are the key strategies
whereas in rainfed agriculture, the
emphasis is more on harvesting of
surplus rainwater maximising both crop
yields and input use efficiency.

Rainfall distribution and variability:
Rainfed farming in India is practiced under
a wide range of climate and soil conditions,
Based on the annual rainfall, the country

FerTiLISER

can be divided into three zones: low (<750
mm), medium (750-1150 mm) and high
(>1150 mm) rainfall zones. Rainfed area is
distributed in all the three zones. The
amount of rainfall, more importantly its
distribution, is critical for the productivity
of rainfed crops. Nearly, 80 per cent of
annual rainfall in these areas is received
during the south west monsoon. The main
types uf weather aberrations encountered
are 1) late onset of monsoon, 2) early
withdrawal, and 3) prolonged breaks (24).
There is wide variation in the amount of
rainfall in arid and semi-arid regions. For
instance, the coefficient of variation varies
from 20 per cent at Hyderabad receiving
an annual rainfall of 792 mm to 43 percent
at Jodhpur receiving an annual rainfall of
382 mm (24). The coefficient of variation
generally increases with the decrease in
annual rainfall.

Occurrence of drought and its intensity:
The National Commission on Agriculture
(1576) has categorised drought in to three
types viz. meteorological, hydrological
drought and agricultural drought.
Meteorological drought is said to occur
when rainfall over an area is less than 25%
of its normal. Meteorological drought, if
prelonged, results in hydrglogical drought
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with marked depletion of surface water and
consequent drying up of reservoirs, lakes,
streams and rivers. Agricultural drought
occurs when soil moisture and rainfall are
inadequate to support a healthy crop
growth. Thus, shortage of rainfall coupled
with erratic distribution during the rainy
season causes severe water deficit
conditions resulting in various inte4sities
of droughts. Technical committee on DPAP
{Drought Prone Area Programme) and DDP
(Desert Development Programme)
identified about 120 m.ha area in the
country, covering 185 districts (1173
blocks) in 13 states as drought prone.
However, drought like situations
generally prevail in one or other part of
the country every year.

Soils of rainfed regions: Vertisols and
vertic sub-groups (black soils), Alfisols
(red and lateritic), Inceptisols and Entisols
(alluvial) and Aridisols are predominant
soil groups in rainfed areas (Table 1).
Higher clay content (30-70 %) and high
available water holding capacity but low
infiltration in Vertisols results in high
erosion and large runoff. Alfisols have
moderate clay content (10-20%), low water
retention, compact sub-soil and are prone
to erosion and crusting. Inceptisols and
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Table 1 - Soil order, climate and fertility status of dryland centres

Major Order Climate / pH (1:2) QOrganic PO, Research cenires
water carbon (%) | (kg ha'}
holding
capacity (cm)
Alfisols Arid 5-8 6.0-7.0 0.25-0.30 10-15  Anantpur
Semi-arid  5-13 55-6.5 0.50- 0.7 8-12 Hyderabad
Aridsol Arid 5-9 7.5-8.0 0.15-0.22 12-18  Jodhpur, Hissar
Semi-arid 10-15 7.5-8.0 0.25-0.30 20-35 Dantiwada
Inceptisol  Arid 5-6 7.5-8.0 0.20-0.38 15-25  Agra, Hoshiarpur
Dry 20 -25 7.07.5 0.10-0.25 1535 Varanasi,
sub-humid Rakih — Dhiansar
Oxisol . Moist 12-24 5.0-6.0 0.30- 0.45 10-25 Bhubaneswar,
sub-humid Ranchi
Verti - Arid 9-11 7.5-8.0 0.50-0.70 25-30 Rajkot
subgroups
Semi-arid 10-22 7.5-B.5 0.40-0.6¢ 8-15 Jhansi, Kovilpatti
Vertisols Semi-arid 18 -40 7.8-85 0.20-0.35 20-40  Akcia, Solapur,
Indore, Bijapur,
Udaipur
Dry sub- 12-15 65-7.0 0.10-0.20 10-15 Rews
humid
Source : (37)

Entisols are deep and variable in texture,
possessing high agronomic potential.
Aridisols are found in low rainfall regions
of north west India, have low clay and low
water retention capacity.

Nutrient requirements of dryland crops
and fertiliser consumption: Nutrient
removal per tonne of grain production of
some important dryland crops is presented
in Table 2. Survey conducted in 151
districts of the Indian semi-arid tropics
(SAT)reveals that per hectare consumption
of primary nutrients (N+P+K) was even less
than 5 kg ha' in 28 non-irrigated SAT
districts (3). The fertiliser consumption
varied between 5 to 10, 10 to 20 2nd 20 to
40 kg ha' in 22, 27 and 22 districts. It was
only two districts where the consumption
of fertiliser nutrient exceeded 40 kg ha''.
Another survey conducted by Jha and

Table 2 - Average nutrient removal per tonne
of yield production for some rainfed crops

Sarin (11) showed that average fertiliser
uge was 18.5 kg in the non-irrigated SAT
districts against 57.5%g ha'! in 78 irrigated
SAT districts during 1977-79. Thus, a
huge gap between nutrient additions and
removals resulted in negative balance of

nutrients in-rainfed agriculture. Many

recent reports indicated the negative
balances for many nutrients under
various rainfed production systems (21).
This problem gets more aggravated if soils
are already deficient of particular nutrient.

Role of Optimum Plant Nutrition in
Drought Management

Initially, fertiliser use under dryland
conditions was a point of debate and
fertilisers were generally thought of
questionable utility under limited water
supply conditions. Over the years,
experimental results obtained in different
rainfed regions showed that fertiliser
application is essential for realising higher

Crop | N PO, [ K,0 Yield under a given amount of water
Sorghum 224 133 34.0 availability. Rainfall is the most important
Maize 263 139 358 factor in determining the amount of
Fingermillet 298 11.3 39.0 utrient required £ acticular  ©
Pearimillst 423 226 908 U quired lor parficuiar Crop.
Chickpea 46.3 8.4 49.6 Even more important is the distribution of
Pigeonpea 63.8 17.7 423 rainfall, which determines the extent of
Groundnut 581 186 301 crop response to particular nutrient. Due
Soybean 66.8 17.7 444 to fi t d 11 ffer £
Castor 30.0 12.0 10.0 o frequent dry spells, crops suffer from
Cotton {seed) 44.5 28.3 747 water stress which may be a prolonged or
Source * {39) intermittent drought. Viets (35) concluded
106 Fermiiser  News Decemeer

that fertiliser use in dry areas not onlV
corrects nutrient deficiencies but also helps
in efficien. use of limited moisture.
Optimum nutrient supply in rainfed
farming helps in adaptation of crop
plants to face adverse growth conditions
through a good root system and  physio-
logical and biochemical adaptations to
moisture stre is. Subbarao and Chandra-
sekharao (30) reported thata two to three
fold yield increase can be realised in
rainfed crops with improved management
practices pariicularly with soil moisture
conservation and nutrient management
(Table 3).

Nitrogen; Optimum N qutrition boosts
crop growth under a given water
availability condition and increases the

*leaf area index (LAI), chlorophyll content

and total drymatter. During early stages of
crop growth, low LAI limit light
interception (Table 4). As a result
evaporation losses are high during this
period. Nitrogen supply reduces the
period required to attain effective crop
cover by increasing the rate of cell
growth. Time required to-reach a LAT of
one was reduced by 8 and 28 days with
the application of 100 kg N ha' to
sorghum and pearlmillet, respectively

Table 3 - Average yields of crops under
improved versus cemmon practices

Region Crap Mean yield (g/ha)
Common | improved
Practices | Practices
Agra - Pear! millet 7.9 17.2
Mustard 8.5 158
Barley 11.0 19.9
Anand Pead millet 24.5 329
Tobacco 5.2 7.3
Anantapur Groundnut 9.6 174
Defra Dun Maize 9.2 291
Wheat 10.1 235
Hyderabad  Sorghum 123 28.9
Castor 10.9 184
Kovilpatti Sorghum 1.8 13.1
Ludhiana Maize 18.5 297
Wheat 15.6 30.7
Mustard 5.1 14.3
Ranchi Upland rice 14.0 311
Barley 4.6 15.9
Solapur Sorghum 53 248
Safflower 5.8 156.6
Varanasi Barey 7.8 138
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Table 4 - Effact of nitrogen on leaf area index and root density of same dryland crops

Ferliliser nitrogen Leaf area index Root density
(kg ha) at §5 days Soil depth {cm/cm?)
) 0-15 em 15-30 cm
Sorghym o 1.05 0.513 0.131
50 1.73 1.186 0.444
100 197 1.432 0.445
150 247 1.330 0.382
Pearmillet 0 0.53 0.274 0.263
50 T 0.352 0.798
100 2.01 0.541 0.705
150 241 0.543 0725

-Source : (18)

(18). With increased leaf area and
chlorophyll contents, plants will be able to
intercept more radiation, and achieve
higher photosynthesis rate: Fertilisation
often increases the amount of crop cover
which in tum, increases infiltration rate
and retard runoff, Thus, fertilisation
indirectly increases the efficiency of use of
limited moisture available in rainfed
regions (35).

Under semi-arid conditions, crops are
subjected to dry periods which affect the
crop growth due'to high moisture stress
between rains. If the plant has produced
its crop, the magnitude of damage due to
high water stress during drought gets
reduced, Therefore, the major problem of
tainfed agriculture and its management is
to determine whether a favorable moisture
interlude in the cycle of plant development
coincides with the supply of sufficient

nutrients for maximum growth. During
these cycles, optimum nutrition canincrease
the net assimilation rate and crop growth,
thereby risk of exposing the crop plants
during sensitive vegetative and flowering
stage is reduced.

Nitrogen plays significant role in
increasing the soil water availability to
plants by increasing the root length
density. Rao et al. (18) reported that
fertiliser nitrogen increased leaf area
index and root density of sorghum and
pearimillet thus helping in early
establishment of the crop under moisture
stress conditions (Table 4). These
changes due to N application depend on
type of crop, soil type and N status and
rainfall distribution,

Major soil groups in rainfed areas are low
in organic carbon content and available
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nitrogea, According to report of G aosh and
Hassan (7), 63 per cent of the tota] districts
surveyed in India are low i available
nitrogen and 33 Per cent are medijum.
Nitrogen content in black and alluvial
soils increased with rainfall and decreased
with incr :ase in temperature, Nitrog :n and
carbon lusses are more pronounced in
areas having dry climates, Low level of soil
nitrogen was attributed primarily to
climate and cropping systems,
Characterisation of ten goj] profiles in
rainfed puise growing regions of Indja
(Figure 1) showed that despite of
continuous cultivation of pulses, ail the
ten soils were N deficient (26). Therefore,
addition of N is essential for improved crop
production in dryland crops. Singh and
Prihar (23) reported that response to N
application increased with increase in
moisture  storage capacity of the profile,
Therefore, optimising N application based
on profile moisture storage capacity
results in maximum response of post rainy
Season crops. The magnitude of nitrogen
response in Vertisols was in the order of
maize>sorghum>pearlmillebwheat{Table
5).

The response of wheat to fertiliser N in
the farmer: field was about 10 kg grain
kg' N, while response in case of post
rainy sorghum, maize and pearlmillet was-
18, 25 and 12 kg grain kg, respectively
(16). In most of the crops, vield increases
due to N application were highly
dependant on depth of soil. It was
reported that under dryland conditions,
most of the crops responded up to 90 kg

Table 5 - Response of rainy and
post-rainy season crops to
nitrogen under dryland condition

Rainy season Post-rainy season
Crop Range of Crop Range of
response response
(kg grain / {kg grain /
kg N} kg N)
Sorghum 34 —434 Wheat 49-523
Pearlmillet 2.1 —24.8 Barley 4.0-318
Fingemillet 5.0 ~ 42.4 QOat 8.3-20.0

Maize 4.1-674 Chickpea 1.9 - 235
Rice 4.5~339
Source : (17)
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! Table & - Grain yield (q ha) of pear] millet as influenced by irrigation

N levels {kg ha”)

Irrigation regime

Table 8- Effect of P on root growth of
urdbean at 50 per cent field capacity

Raot Parameter Phosyhorus {kgha)

f I, I 1 I Mean 0 r 50
0 4.09 1343 1140 1232 13.51 1090 Rootlength (mgipot) 8.8 13.1
40 7.73 23.66 19.64 21.73 24,98 19.55 Root mass (g/pot) 0.1 0.16
80 8.10 32.50 27.60 29.81 36.50 26.90
120 793 31.58 27.08 29.23 35.52 98.27 Source ; {18)
Mean 6.96 2522 21.43 2392 2763 to application of 50 kg P ha™ (Table 8).
1,: Control

I, liigation at termination of vegetative stage to meet 50% of ASW from 1 m soil profile.

1, Adequate water early vegetative (up to 30 DAS } and flowering to grain development state (S0
DAS of physiclogica! maturity; No water betwesn {30-30 DAS),

I, lrigation with held at flowering and grain development stage (50 DAS onwards).

I, 100% of replenishment of crop water use.

Table 7 - Interaction effects of nitrogen application and supplementary irfigation of stored water
on wheat yields (g/ha} at Dehradun (mean of 4 years}

Time of application Quantity of water (cm) Level of nitrogen (kg ha™')
Control 1] 14.8 17.0 100 150
Pre-sowing 5 28.8 332 19.3 42.0
Grown root 5 264 .0 359 39.3
Presowing + grown oot 10 30.7 39.8 44.9 51.9
Source : (36}

N ha" on deep soils whereas on shallow
soils (50 cm) response was obtained only
up to 30 kg N ha''. Besides, the choice of
fertiliser source, method and time of
application of N according to moisture
status of soil boosts the yield levels and
water-use efficiency of dryland crops.

Regulation of N applications to suit the
soil moisture regime is most important.
This fits into the philosophy of split
applications of N recommended so that
the top dressings can be withheld in the
vent of drought or failure of monsoon.
The following models developed by
Leggett in 1959 relating the yield to the
soil moisture, rainfall and soil and
fertiliser nitrogen are pertinent to the
point under consideration.

Y (from moisture) = 153 kg/ha (SM+R in
cm) - 1600; and

Y (from N) = 21 kg/ha (soil NO, - N +
fertiliser N in kg/ha)

‘Where Y = yield in kg/ha;

SM = available moisture April (total soil
moisture minus wilting point);
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- R =anticipated rainfall between April | and
crop maturity.

Similar models under our situations might
help in the rational use of nitrogenous
fertilisers for dryland crops. Fertiliser
recommendations based on the soil
moisture regimes, particularl’ under
receding soil moisture condition.:, are yet
to be worked out for different crups (12).
In some areas substantial quantities of
runoff occurs and part of the water can
be harvested and stored in ponds for
irrigating crops during critical stages or for
taking a second crop for increasing
cropping intensity (Tables 6 and 7)

(12,36).

Phosphorus: Phosphorus has an important
role in improving the water use efficiency
due to its favorable effect on root
development and higher production per ureit
water used. Adequate P nutrition promotes
more extensive and deeper root growth
which in tum enables the crop to draw water
from deeper layers which otherwise is not
accessible to the unfertilized crop. This
helps the crop during drought period. Rao
etal. (18) reported thaturdbean root [ength
and root mass increased by 70 per centdue

News DECEMBER

Phosphorus deficiency is considered to a
limiting factor in many dryland crops. The
data on P fertility status showed that 24
districts which account for 50 per cent of
the total sorghum production, had mean
available P low in 15 districts and medium
in 9 districts. Therefore, response to P
application is very common. However,
extent of crop response depends upon
crop, soil and moisture availability, Legume
crop generally show less response to P
application as compared to cereals as
arganic acids released in the chickpea and
pigeonpea  rhizosphere solubilise
insoluble seil P. Response of rainy and
post-rainy season crops to P under
dryland conditions is presented in
Table 7. Among rainy season Crops,
rraize, sorghum, finger millet and upland
rice showed greater response to P
application. Among post-rainy crops,
wheat followed by chickpea responded
greater  in comparison  to others
(Table9). Tandon (38) surmmarised yield
responses of 20 crops to P application
under rainfed/dryland conditions in trials

Table 9 - Response of rainy and post-rainy
season crops to phosphorus under dryland

condition
Rain season Posl-rainy season
Crop Range of Crop Range of
response rasponse
{kg grain / (kg grain/
kg P) kg P}
Sorghum  2.4-58.0 Wheat 2.6-41.3
Pearimitlet 1.7-14.3 Barley 1.9-82
Fingermillet 6.4-38.9 Chickpea  4.5-38.2
Clusterbean 6.7-10.7" Peas 37108
Rica 5.1-31.8 Lenii 3.2-6.3
Maize 68.0-80.0
Mungbean 1.5-11.6
Urdbean 1.8-6.7

Pigeonpea 3.1-8.3

Source : {17}
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Table 10 - Comparison of methods of P application for grain yield improvement of
dryland crops o

Mathod of P Fingermillet Chickpea ——-—Roybean

Applicatian A Z]
Broadcast 100 100 100 100
Drilled 132 137 123 169
Mixed with seed 129 118 123 135

Source : (8, 22, 33)
A: 40 kg P,0, ha; B: 80 kg PO, hat

Table 11 -

Nitrogen and phosphorus Interaction in some crops under rainfed candition

Applied Fertiliser

Relative grain yield

Sorghum Fingermiilat Maize

None 100 100 100
N only 113 122 304
P only 135 110 189
N+ 192 174 493
Contribution of '

‘nteraction to the

vield under N+P 48% 57% 20%

Source : (4, 34)

m cultivators fields (1969-84), Resuits
‘howed considerable response to P in all
he crops. Ganeshamurthy et al, (6)
eported that phosphorus deficiency is
sually the main limiting factor for low seed
teld of pulse crops in all the soil typesand
' fertilisation has become the base of
1anuring pulses in India.

ield data from several experiments show
12t P can increase water use efficiency by
5-20 per cent in wheat, 22-55 per centin
nger millet, 41-99 per cent in chickpea,
7 percent in linseed and upto 19 percent

the wheat+chickpea mixed stands.
crease in WUE due to P application is
ore on light textured than on heavy
xtured soils. Tandon (38) stated that
ttilised crop is better equipped to face a
ought situation mainly by its ability to
> deeper soil layers for water. Thus,
timum nutrient supply can provide
ought insurance to certain extent

nutrient application in rainfed conditions
(Table 11), :

Potassium: Potassium activates about 60
enzymes associated in major metabolic
processes and involved in water relation and
stomata regulation. Potassium enhances
resistance of plants in many cases to
withstand  adverse envirenmental
conditions such as drought, sal nity and
sodicity. Potassium removal of important
rainfed crops extends up to 90 kg per tonne
grain production. However, application of
K in Indian agricuiture is meager compared
to removals, In many cases, K additions are
mainly done to plantation and commerciaj
crops.

Available K status in rainfed soils varjied
from low to high. Vertisols and Vertic

subgroups showed relatively higher
available K. Red and lateritic soils, light
textured acidic alluvial soils are low in
available K status (28). However, many
field crops particularly cereals extract
major portion of their K requirements
from nonexchangeable K fraction of soil
(29). The agroecological regions covering
different rainfed regions of India showed
wide wvariations in available and
nonexchangeable K status (31}

Potassium improves water use efficiency
and helps to maintain crop yield under
moisture stress or reduce the extent of
crop losses under such conditions (20). A
relationship between the K content of the
leaves and the osmotic potential and
turgor potential was observed in
Phaseolus vulgaris (2). An increase in K
concentration significantly lowered the
osmiotic potential and increased the turgor
potential. Guard cells have been shown to
take up K salts in larger quantities to
account for turgor changes, as indicated
by tracer studies (5). Regulation of
stomata is 2 well-established function of
K. An electron probe study by Humble
and Raschke (9) clearly showed the
relationship between K content in the
guard cells of Vicia faba and the opening
and closing responses. The decrease in
the osmotic potential of guard cells from —
35 bars in the open stomata to —19 bars in
the closed stomata could be correlated
with the fall in K content from 424 to 20 x
10""* g eq respectively (Table 12),

One of the marked responses of plants to
stress conditions is the accumulation of
proline. In recent years, the stimulating
effect of K on proline accumulation was
reported (32). Mukherjee (15) showed the

Table 12 - Potassium, sodium and chlorine present in open and closed guard cells,
guard cell volume and changes in stomatal aperture and osmotic pressure in fababeans

sthod of P application also important Osmotic Element Stomatal | GuardCell |  Guard cell
achieving higher P use efficiency incipient aperture | volume per pre!ssure

: : S K Na cl rom
d‘e_d P and high yields. Drilling of (10" g eq) (um) (1021 (bars)
tiliser appears to be a best method of P
slication which resulted in higher grain  Open stomata 424 ] 22 12 4.8 35
lds than broadcasting (Table 10). Closed stornata 20 0 22 13 2.6 19
nilarly larger yicld benefits can he Diiference 404 0 22 18
atned from  interaction effects of Seurce - (9)
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Table 13- Effect aof potassium or proline accumulation under tong-term (43 h} Table 15 - Micronutrient status of 57

mild stress in leaf discs of low and high K plants of two hybrids of maize banchmark soils (Mg kg
Hybrid K level | Proliny initial fresh weight Nutrient Range ‘ Mean sb
Contral 5 mM KCl

witho it stress ‘ i shess| | without stress ‘ wih swess  Zn 012-280 054 0.07

i Cu 0.15 - 5.33 1.1 0.61

Compo Low 134 33.0 6.5 2122 Mn 4.0 -102.0 26.0 37

’ High 424 328.8 38.8 662.3 Fe 3.4 —68.1 20.3 22
Mex Low 116 1149 13.7 168.6 Source - (14)

High 168 119.3 203 389.0 in acidic soils and gypsum in sodic soils

helps in the optimum plant growth. In sodic

Source :’ 15 :
(19 soils, due to the excess Na' content,

Table 14 - Meachanism of clop adaptation to water stress under optimum defloccuiating of soil parﬁcigs takes place
K supply in rainfed agrculturs thereby disturbing the soil structure. Due
sorphological to this, watet movement in to the soil is
+  Enhancement of raot growih restricted resultin in the higher runoff
g g
Physiological igher b . — i ootentia losses. Addition of gypsum to these soils
"~ Higher turgor presssure, wi awering osmatic potentia : . ;
_  Mora sensitive stomatal movement during water stress 1mpr0':ies infiltration ates and water Storage
_  Reduction in transpiration rate, even under non-limiting water supply, capacity of the profile.
without reductior in drymatter production
.. Possible interaction with phyto-hormones in physio!cgica! adaptation to Micronutrients: Among ricronutrients,
water stress available Zn deficiency is becoming a

~ Increase in ¥ rowth potential with water availability after siress A
*d po v major problem. Katyal and Sharma (14)

Blophysical i R . . s

_  lIncrease in root permeability to water studied the micronuient deficiencies m
Blochemical ) . 57 profiles and reported that out of these
- Increasein accumulation of proline and faster recovery of enzyme activity 43 pmﬁles were Zn deficient (Table 15)

such as nitrate reductage upon religf from water stress . . . .
Available Fe deficiency 15 encountered in

effect of K on proline content in stressed growth nodulation (27} Therefore, dryland soils as Fe availability is related
leaf discs of maize hybrids (¥ able 13). application of sulphur improves the to reducedjoxidised condition of the soil.
Different mechanisms by which crop  nitrogen availability to crop, thereby overall  Among ten profiles representing major
planis adapt to drought condiiicns in growthand early establishment of the crop pulse growing regions of India, almost
presence of optimum K autriticn are  plants under moisture Stress conditions.  all the profiles were 7a deficient (Figure
summarised in Table 14. Many field Calciumandmagnesiumarebaseelements 2) and few Jocations were Fe deficient.
experiments showed the improvement of end generally deficient in acidic soils. Field scale Zn and Fe deficiencies have
in yields dueto K supply in water Swess Application of calcium in the form oflime been reported in many pulse crops in
condition. Field experiments conducted on _,__a__.____‘____.__.__——-——-——,________.__—____.

winter wheat under rainfed condition on :
medivm K level acidic soil showed that seed
rreatment with 1% KH,PO, before sowing
proved significantly superior in grain yields

4

Eo-15cm
--m,._____”..——-———m*__m-—a/—j #15-30cm L .

over dry seeds and distilied water treatment. 1
Grain yields increased by 33.6 per cent with T gg t '
60 kg K,0 ha't over control. - 07
E 06
Sulphur, calcium and magnesium: E] 0-3
Deficiency of sulphur is an emerging 2 %.3
problem particularly in oil seed and pulse g 0.2
crops, whose requirement is large. Studies N 0-2.’ .

in pulse growing regions of India revealed - 3 = - ® 5 s 3 3 o
that the S deficiency extends even uP to 60 g, g 3 g 3 & § % g 3
per cent of soils tested; light textured % L% E ] = 2 g o %’
alluvial soils, calcareous soils and shallow T @
hlack soils show rmaximum S deficiency. L—/‘-—-—a e e PRI
Optimum S qutrition is associated with root Figure 2 - Available zinG status in different soil types of major pulse growing regions of Indiz
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Figure 3 - Yield estimates of;nundnut at two ieﬁe!s of soil fertility factor under rainfed situations
at selected locations of India (1:Optimum fertility; 0.7 : Suboptimal fertility)

alluvial belt of northern India (26), As
such, studies on interaction effects of
micronutrient application and moisture
stress are rare and no information
available on this aspect.

bi ntegrated Nutrient Management-Much
Relevant in Rainfed Agriculture

As rainfed agriculture mainly exists on
marginal and sub-marginal lands with
multi-nutrient deficiencies, soil fertility
management showed greater impact on
productivity of various rainfed crops.
Analysis of quantified yield levels of
groundnut c¢ltivar, Robut 33-1 under
rainfed conditions showed that response
of the crops across the centers was
significant (Figure 3) and trend in the
yield levels due to improved soil fertility
was almost similar to that of irrigated
conditions, but at reduced magnitude.
However, under rainfed conditions the
soil fertility improvement through
integrated nutrient management (INM}
has much more relevant than simple
optimum nutrient supply. Source of
nutrients also has considerable effect on
conserving limited moisture available in
dryland conditions. Besides supplying all
the nutrients in a holistic manner, organic
manures such as compost, crop residues
and FYM improve the soil organic matter
content thus improving soil aggregation.
Improved * aggregation raises levels of
water infiltration and water storage
capacity of profile is increased. Crop

FERTILISER

residues left over in the field reduce the
runoff and improve water movement into
the soil. Crop residues also act as soil
cover and reduce evaporation losses.
Therefore, addition of nutrients in terms of
INM not only improves the nutrient
availability in soil but also increases soil
and water conservation. Microorganisims
like VA Mycorrhiza are also reported
confirm drought tolerance to crops by
promoting increased surface area of
absorption. Various options of INM
practices for various crops for different
dryland regions of India have been
compiled (Table 16).

Conclusions

Farming under dryland conditions is very
complex, During rainy seasons the cropping
duration is determined by the amount and
distribution of rainfall. Parts of the season
may be too wet or too dry and subjected to
alternative wet and dry condition. Drought
with varying intensity may occur randomly
at any stages of crop growth, In post-rainy
seasorn, water stress is encountered due to
the rapid depletion of moisture if monsoon
withdrawal occur early. Due to low water
storage capacity, light textured and shallow
soils show severe water stress during
vegetative stage. Under these situations,
optimum nutrient supply enables in early
establishment of the plant, encourages
deeper root system and helps in better
adoption of crop. During plant growth
cycle, favorable spells of water availability
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should be supported by optimum nutrient
availability in soil. As large areas under
rainfed regions are deficient in
multinutrients, optimum nutrient supply
becomes important for successfil dryland
farming. Optimising the nutrient supply
based on profile moisture availability is
crucial in this regard. Besides, nitrogen
and phosphorus, potassium plays an
important role in water relations of plants
and regulates the water loss through
stomatal control. Most of the acidic soils
and light textured alluvis! soils are K
deficient. Application of optimum suiphur
is essential for oil seed and pulse crops.
Zinc application is also needed at least
once in few years for realising better
yields of dryland crops.

Future line of work

Based on existing information, it is
observed that the information on following
aspects needs to be generated for making
meaningful nutrient supply system under
rainfed conditions:

1. Nutritional constraints in various rainfed
regions of India

2. Interaction of soil moisture and nutrient
availability

3. Profile moisture based nutrient
recommendations '
4. Impact of various INM practices on soil
organic maintenance and soil moisture
conservation.

References

1. All India Coordinated Research Project
on Dryland Agriculture Annual Reports
(1996-2002), CRIDA, Hyderabad,

2. Ameke, W.W. Potash Rev 7, Sub: 13,
5% suite: 1-5 (1981).

3. Bapna, S.L., Jha,D. and Jodha, N.S.
Paper presented at workshop on social-
economic constraints to development of
semi-arid tropical agriculture, ICRISAT,
Hyderabad (1979).

4, Finck,A, and Venkateswarly, J. Proc.
12* Int. Conf Soil Sci. New Delki, 61-79
(1982).

5. Fischer, R.A. Aust. J Biol Sci. 23, 1107 -
1123 (1972).

6. Ganeshamurthy,AN., Srinivasarao, Ch.

111



Table 16 - Integrated Nutrent Management opticns for various crops in rainfed regions of India

S.No

Regionsflocations, rainfall,
soil type and crops

INM Options

- Hyderabad

Rainfall; 770 mm
Sail type: Alfisal
Crop: Sorghum

Cenjunctive use of inorganic N through urea and loppings of farm based arganics such as subabul
(Leucaena leucocephala) and Glyricidia {Glynicidia maculala) to sorghum crep has been proved as
potential options. Leucaena and Glyricidia loppings on dry weight basis contain 3-1% nitrogen. The
recommended dose of N for sorghum crop in Alfisols of rainfed areas is 40 kg Nfha. Out of this 40 kg N,
20 kg N can be appiied through urea. Remaining 20 kg N can be supplemented through the frech
loppings of leucaena or glyricidia. Considering 3.0%. N (Considering lower value} cn dry weight | asis
and moisture content of fresh loppings at 70%, 666 kg of fresh loppings (leaves + twigs) are required lo
supplement 20 kg N through either of these two materials. This procedure is very easy to adopt. Glyricidia
macufala is small nitrogen fixing shrub and can be grown through cutlings on bunds or in some spare
part of the land. Leucaena is a nitrcgen-fixing tree, which can be grown as hedge and alley sys'ems
also. 3-4 years plants may be able to generale about 15-20 canes of fresh biomuss per year per
hectare. The fresh loppings can be added to the crop by opening 10-15 cm furraws with the help of
bulfeck drawn plough to the crop at the age of 25-35 days aiter sowing. Following these options, average
yield levet of about 1.7 tha of sorghum grain can pe achieved. This way 50% of N requirement of
sorghum can be substituted through organic sources of nutiients. Since these farm based malerials
have C:N ratios of less than 20, there is no risk of adversa effect of immobilization of native soll N during
the process of decompasition. The iechnology is farmer frigndly, economical and can be successfully
adopted by using the farmars own family 1abour, The likely constraint in the adoption of the technology
is the raising of these plants by the farmers in open grazing lands, as leucaena is browsable by the
animals. If community decision is taken, social fencing is possible. Apart from supplying nutrients, the
practice will help in improving soil health by improving soil organic matter,

2 Hyderabad Other potential options of INM technclogies for sorghum crop in this regicn are i) application of 2 t
Rainfall; 770 mm glyricidia loppings + 20 kg N through urea, ii) Application of 41 FYM + 2t glyricidia loppings, or
Soil type: Alfisal i) application of 4t FYM + 20 kg N through urea.
Crop: Sorghum
3 Hyderabad Application of 2t FYM + 10 kg N through urea under conventional tillage
Rainfall: 770 mm Application of 2t FYM + 1t Glyricidia loppings under reduced tillage
Soil type: Alfisol
Crop: Mungbean
4 Faizabad Application of 15 kg N through compost + 20 kg N through inorganic fertiliser
Rainfail: 380 mm
Soil type: Inceptisol
Crop: Sorghum
5 Ranchi Application of 40-30-20 NPK kg/ha in rice
Rainfall: 1200 mm Application of 30-20-0 NPK kg/ha in upland rice.
Soil type: Oxisal
Crop: Rice, Upland rice
€ Varanasi Application of 40-30-20 kg NPK/ha in rice
Rainfall: 1080 mm
Soil type: Entisol, upland rice
Crop: Rice
7 Acjia Application of 45 kg PO,
Rainfail: 660 mm
Soil type: Vertisal, Rhizobium + PSB inoculation in groundnut.
Crop: Horse gram, Groundnut Combinatian of 50% of inorganic and remairing of inorgaric scurce to FYM + compost
Maize + pigeon pea intercropping (60-30-0 NPK kg/ha)
8 Rakh Dhiansar Application of 60-40-20 kg NPK/ha + 20 kg/ha zinc sulphate
Rainfall: 1180 mm
Soil type: Entisol
Crop: Maize
{Conlinued.....]
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