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Elements of Climate - Their Relevance to Crop Productivity
and Fertilizer Use Planning in the Semiarid Tropics!

S. M. Virmani, Principal Agroclimatologist, A.K.S. Huda, Agroclimatologist, R. P. Singh, Economist, T. J. Rego, Suil
Scicntist, and K. V. Subba Rao, Scnior Rescarch Associate, Intcrnational Crops Rescarch Institute for the Scmi-Arid
Tropics

Abstract

'High‘yiclding varictics, balanced fertilizer application, and adcquatc watcr supply arc the three important factors for
higher crop production. In the scmiarid tropics (SAT), walcr is the primary constraint for crop production mainly in shal-
lowr soils having low watcr-holding capacity. The problem is further aggravated by variability in quantity and distribution
of rainfall and by high cvaporative demand. Bascd on the cxperiments conducted at ICRISAT Center, we have developed
a program for N fertilizer application for ccrcals. Split application of N fertilizer is uscful for both Vertisols and Alfisols,
In Vertisols, water docs not become a limiting factor for N response becausc of their high watcer-holding capacity, whercas
in Alfisols, watcr is the main factor dictating crop responsc to N. Based on an analysis of long-tcrm (1901-87) rainfall
reccived during the crop growing scason, the probability of fertilizer N required to optimize sorghum production has been
cstimated. These data can be uscd to assess risks to fertilizer N application and differences in fertilizer N nceds from year

o ycar in a scmiarid (ropical cvironment.

Introduction

In many parts of the scmiarid tropics (SAT), greal ad-
vanccs in agricultural productivity along with the introduc-
tion of modcrn agronomic practiccs have been witnesscd

<in the last few decades. These advances have been pos-
hle mainly because of a remarkable fusion of the intro-
-uction of high-yiclding varictics (HYVs) and improved
agrotcchnology. In particular, controllcd usc of irrigation
and application of balanccd amounts of fertilizers have
contributed significantly to incrcased agricultural produc-
tion. Howcver, this impressive growth has not taken place
across all of the scmiarid tropics. Unirrigatcd, dryland
arcas, which arc charactcrized by uncertain rainfall and a
poor resource basc, have largely remained neglected. The
adoption of improved practices such as the use of HYVs,
application of balanccd doscs of fertilizers, and crop
prolcction measurcs is fairly low across the SAT. This
paper attempts to cxamine the climatic constraints of
some typical SAT locations in relation to their currcnt and

potential fertilizer usc practices.

1. Submitted as CP #523 by the International Crops Rescarch Institute
for the Semi-Arid Tropics (ICRISAT).

Climatic Characteristics of SAT

Seasonality of Rainfall

The SAT regions are characterized by a scasonal rain-
fall. The rainy scason varics from 2 o 4.5 months in the
dry SAT and from 4.5 (o 7 months in the wet-dry SAT.
The distribution of rainfall is gencrally unimodal in arcas
lying >15° north and >15° south of the cquator; il is
bimodal in cquatorial regions. The SAT cxhibits a wet
rainy scason followcd by a distinct dry scason. About 0%
of the total annual rainfall is rcccived during the rainy
scason (Figure 1).

Variability of Rainfall

The amount of annual rainfall reccived in SAT arcas
varics greatly from ycar (o ycar; its coclficicnt of
variability (CV) is 20%-30%. For cxample, the mcan an-
nual rainfall at Hydcrabad bascd on 1901 to 1987 rainfall
records is 781 mm with a standard deviation of £212 mm
and a CV of 27%. At Hisar, thc mcan annual rainfall is
456 mm (1930-70) with a standard deviation of 149 mm
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and a CV of 33%. Thus, large variations in intcrannual
rainfall arc obscrved. The range of annual rainfall ob-
scrved at Hydcrabad is 950 mm for the period 1901-87.
The annual rainfall may be as low as 450 mm or as high as
1,400 mm-about 90% of which is received during the
4-month rainy scason.

Another characteristic of tropical rainfall is that the
bulk of thc scasonal rainfall is received during a few
(gencrally 5-10) rainy days. Thc 24-hour total rainfall on
cach of such torrential rainy days may excced 100 or
150 mm (Figurc 1). At ICRISAT Center, it has been ob-
scrved that in 43% of the rainy days, the rainfall storm in-
tensity excceded 20 mm hour. In Niamey, this charac-
teristic was observed in 72% of the rainy days. In about
10% of the days, rainstorm intensitics as high as 120-160
mm hour" are not uncommon (Hoogmocd, 1981). Hence
therc is a considerable loss of water due to surface runoff
and soil erosion. Miranda et al. (1982) obscrved that at
the ICRISAT Center in traditionally managed Vertisols,
28% of the total scasonal rainfall was lost as surface
runoff. This runoff carricd away 7 tonnes of surface soil
per hectare,

The convective nature of rain-producing storms in the
tropics means that the rainy periods are interspersed with
dry periods.  During the rainy periods, when the soil
profile is fully charged, a portion of the soil water is lost as
deep drainage. The proportion of total scasonal rainfall
lost by this pathway ranges from about 20% in light-
textured soils to 10% in heavier soils. Thus the amount of
effective scasonal rainfall in the tropics is about 50%-60%
of the total annual precipitation.

Evaporation

The SAT arcas arc characterized by a high water
demand duc to intense radiation and uniformly high tem-
peraturcs throughout the year.  Sivakumar and Virmani
(1987) calculated potential evapotranspiration (PE) statis-
tics for 169 locations in rainfed India and found that the
total annual PE was about 1,550 mm with a standard
deviation of 196 mm and a CV of 13%. The PE in the
months just prior to the rainy scason is relatively
high - about 200 mm month”; sometimes the PE cxceeds
15 mm day". The climatic data for the SAT regions show
that the variability in PE is much lower than the rainfall
variability and that the atmospheric demand for water is
consistently high.

Length and Characteristics of the
Growing Season in the SAT

Length of the growing season is defincd as the period
during which the availability of moisture in the root zone
of the crop is adequatc to mect the crop’s waler needs.
Becausc the soil is practically dry prior to the onset of the
rainy scason, almost all activitics related to land prepara-
tion for sceding are undertaken when the surface soil is
moist cnough for ploughing. As a rule of thumb, sowing is
done within a week of the onsct of the main rainy scason
in sandy soils and within 2-4 weeks in heavier soils.

The moisture in the soil is cnough to sustain crop
growth for about 4 weeks after the cessation of rains in
lighter soils and about 8-12 wecks in the hcavier soils.
Thus the length of the growing scason in SAT arcas
receiving rainfall for 2 months will be of the order of
80 days in light-texturcd soils and about 100 days in soils
with clay or clay loam textures.  Similarly, in arcas with
S rainy months, the growing scason varies belween
180 days in light-texturcd soils and 210 days in claycy soils.
Because the amount and distribution of rainfall vary con-
siderably from year to ycar, the length of the growing
scason also varics. This variability is higher in the dry
SAT than in the wet-dry SAT. The risk to dependable
crop production is least for short-duration crops like pearl
millet, mung beans in lighter textured soils, and sorghum



or maizc in heavicr soils. The length of the growing
scason cxcceds the average in at Icast half the years, and
the soil water remains relatively underutilized after the
iarvest of the short-duration crops. In the SAT,
herefore, intercropping of short-duration and long-
luration crops,is rccommended. This practice hclps stabi-
izc the yicld (Willey ct al., 1982) and incrcase rainfall usc
fficicncy (Virmani, 1982).

Climate Analysis and Fertilizer
Use Development

Climatc analysis is an csscntial part of technology
lcvelopment and the technology transfer process in the
cmiarid tropics. For cxample, by classifying a sct of
limatic paramcters rclevant to the definition of adequacy
f soil moisturc for crop cstablishment, a region can be
lefined in which it is assumcd that basal dressing of fer-
ilizcrs would be relatively safc.” Virmani ct al. (1982)
1ave demarcated the Vertisol region of India into regions
vith a dcpendable onsct of scasonal rainfall and thosc
vith a rclatively undependable onsct.

The SAT climates cncourage surface runoff of rain-
vater, decp drainage losscs, and soil erosion. All of these
osscs of watcr lcad to fertilizer losses—in particular,
osscs of applicd N. In the SAT, it is best to apply split
loses of fertilizers and to adapt the fertilizer applications
0 the moisture storage capacity of the soil profile and the
srogress of the scasonal rainfall. The information on rain-
all probabilitics could be used with advantagc in schedul-
ng fertilizer application.

Suggested Fertilizer Use Practices
for SAT Dryland Areas

The risks to dcpendable crop production in the SAT
are high. Bccausc fertilizers are costly, the farmers do not
asc applicd nutricnts in sufficicat quantitics. Water is the
main limiting factor in the dryland areas of the SAT;
herefore, the application of fertilizers will be most advan-
‘agcous where water conscrvation mcthods arc uscd. In
the Indian SAT, fertilizer usc is currently limited to cash
srops like cotton, groundnuts, chilics, clc., and, to some
sxtent,  post-rainy-scason sorghum,  Fertilizer use cf-
licicncy, however, is low.

The practice of intercropping is common in the SAT,
where about 44% of the cropped area is devoted to inter-
cropping. Legume is one of the important crops in about

50% of the intcreropped plots. The practice of intercrop-
ping ccrcals with lcgumc crops lcads to the buildup of soil
nitrogen.  Bccausc intercropping leads to a substantial
reduction in risk to dependable crops, the adoption of in-
tercropping cacourages fertilizer usc for cercal production
(Tablc 1).

Table 1. Some Important Indicators of Fertilizer Use in
Three Villages of India’s Semiarid Tropics

(Average of 1981-83)
Particulars Nonirrigated  lrrigated  Total
% of total cropped
arca 81.1 189 100
% sharc of total
nutricnt (NPK) uscd 337 60,3 10
Fertilizer Use by Crop
(%)
Cotton 39.5 153 234
Whcat 2.7 32.5 224
Paddy 5.2 198 149
Sorghum 340 14 124
Pcarl millet 4.0 13.0 100
Castor 6.7 7.5 73
Groundnut 30 2.7 28
Others 49 78 6.8
Total 100.0 100.0 100.0
Use of Nutrients (NPK) in Relation to Farm Size
(kg ha')
Small farm 6.1 29.1 8.5
Mcdium farm 48 485 146
Large farm - 6.7 . 5.8 159
All farms 6.3 53.5 15.1

Sourcc:  Data collected from ICRISAT's village-level
studics.

The production of short-duration pigcon peas is be-
coming popular. The crop nceds application of phos-
phorus; howcver, critical soil test valucs for available P
havc not been well defined for the various soil orders in
India. This is an important arca of futurc rescarch.



Rainfall Amount and
Possible Fertilizer Use

Huda ct al. (1988) dcmonstrated the use of
agroclimatic analysis for improved soil and water manage-
ment and efficicnt fertilizer use in scmiarid India. These
rescarchers analyzed scasonal rainfall (June to October)
data of Hyderabad from 1901 to 1987 to rclate rainfall and
possible past fertilizer use.  Nitrogen rcsponse data at
ICRISAT Center from both Vertisols (1977-82) and Al-
fisols (1979-81) were used (Figurcs 2a and 2b). In Ver-
tisols, grain yields of rainy-season sorghum (CSH 6)
grown in small-plot rescarch experiments at ICRISAT
Center cxceeded 5,000 kg ha' in each of ‘the six rainy
scasons from 1977 to 1982, provided adcquate N was ap-
plied. In the absence of added N, grain yiclds were as low
as 1,300 kg ha'. Seasonal rainfall varicd from 474 mm to
907 mm. This did not markedly affect yiclds, nor were the
responses of yields without N closely related to rainfall.
For example, the two scasons in which responses were
highest (1977 and 1978) were thosc with extrcmes in

scasonal rainfall. These experiments were conducted on
Vertisols ncarly 1.5 m decp, which thus had a high water-
holding capacity. Variations in nutricnt supply ap-
parently are much more important than variability in
scasonal rainfall in detcrmining the yields of improved
rainy-scason sorghum on Vertisols.

The ICRISAT data basc for Alfisols is smaller than
that for Vertisols. In the years of modcratc and high
scasonal rainfall (1980 and 1981), maximum yiclds cx-
ceeded 5,000 kg grain ha”. But in droughty 1979, thc maxi-
mum was only 3,400 kg ha’, and yiclds were further
depressed when applied N cxcecded 40 kg ha'. It scems
that maximum yiclds (when N supplics are adequate) will
vary more on Alfisols than on Vertisols. On these Alfisols,
which have low water-holding capacity, and on similar
soils (in terms of water storage), maximum yiclds are
determined by both rainfall and nutricnt supplics. Thus
the critical factor determining differences between Ver-
tisols and Alfisols in responsivencss to added N is the
moisturc-holding capacity of the soil. Alfisols, as well
as similar shallow soils, store insufficicnt moisture to

1977 1978 1979
(411 mm) (862 mm) (628 mm)
y y y
E& 6. 7 J
E= - 4-p
g2 4 -
2. _
2L 2] i
ax | ]
0 —X —X —X
0 100 0 100 0 100

1980 1981 1982
y (892 mm) y (911 mm) y (403 mm)
. x —X — X
0 100 0 100 0 100

Fertilizer Nitrogen (kg ha'1)

Regression Equations:

1977:y = 1920 + 62.4x - 0.28x2 R = 0.81 rse
1978:y = 1,310 + 533x - 0.19x2 R = 0.97 rse
1979:y = 3920 + 378x - 0.23x2 R = 092 rse
1980: y = 3,340 + 19.6x - 059x2 R = 0.99 rse
1981:y = 2,580 + 443x - 0.17x2 R = 0.97 rse
1982: y = 2,340 + 408x - 0.15x2 R = 0.91 rse

Figure 2a. Response of Sole Cropped Hybrid Sorghum (CSH 6) to Applied N on Deep Vertisals, ICRISAT Center,
Rainy Seasons 1977-82, Seasonal Rainfall Given in Parentheses After Year.



1979 1980 1981
(628 mm) (592 mm) (911 mm)
5y Y y
s 1 >
3 2 4 4 . // —
133 .
3 n /"—‘v\
52 -
= 24 - -
ax
0 —X —X —X
0 100 0 100 0 100

Fertilizer Nitrogen (kg ha™)

1979: y = 2,950 + 12.9x - 0.11x?
R =051 rse = 351

1980: y = 3590 + 36.2x - 0.18x?
R = 090 rse = 400

1981: y = 1,620 + 54.9x - 0.18x?
R = 099 rse = 187

Figure 2b. Response of Sole-Cropped Sorghum (CSH 6)
to Fertilizer N on Alfisols, ICRISAT Center,
Ralny Seasons 1979-81. Seasonal Rainfall
(sowing-harvest) Given in Parentheses After
Each Year,
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maintain plant growth during droughty, rainless periods,
especially when growth is stimulated by addition of fer-
tilizer N. Thercfore, if the rainfall is < 500 mm, fertilizer
N application is a great risk in these types of soils. For
maximum yicld of sorghum, thc rccommcended rate of
nitrogen application is about 40 kg N ha" if rainfall is
500-700 mm, about 80 kg N ha™ if rainfall is 700-900 mm,
and 120 kg N ha if rainfall excceds 900 mm (ICRISAT,
1984). Analysis showed (Figure 3) that from 1900 to 1941
there were many ycars when nitrogen would not have
been added because of low rainfall, whercas from 1942 to
1987 there was only onc such year (1972).

Conclusions

The climatic cavironment of the semiarid tropics is
charactcrized by variability of amount and distribution of
rainfall from ycar to ycar. This lcads to variations in the
length and quality of thc growing scason. It is suggested
that a basal dosc of fertilizers be applicd in those regions
of the SAT whcre the onsct of the rainy scason is depend-
able. Fertilizers should be applicd in split doscs-not on a
fixed schedule but according to the progress of the rainfall
and the crop. Practices like intercropping, growing of
lcgumecs, and application of fertilizers on the basis of soil
test and rainfall probability cstimates arc likely to lead o
the cfficicnt usc of applicd nutricnts in the dryland arcas
of the SAT.
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Figure 3. Amount of Nitrogen Fertilizer That Should Have Been Added (bused on ruinfull analysis) for Sorghum In

Hyderabad During 1901-87.
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