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Introduction

Chickpca and pPigeonpea are grown in a wade rangc
of agroclimatic eniironments (Sinha 1977).

and
their yield poitential exceeds 4 1 ha ' (Nenc

19K7).

However. the yiclds achicved by farmers are guite
low and variable. For example, in India. average
siclds of chauch peca obtained by farmeoers arc often only’
about 25C7 or less than can be achicved under nonir-
rigatced conditions at exporiment stations within the
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same region with similar cultivars (Sheldrake and
Saxena 1979). The reasons for such low yields are:

e Poor plant stand from failure of many seeds to
germinate and of scedlings to become established
becuuse soil moisture is inadequate in the seed
zone.

e Drought in the growing season, particularly at
the flowering and pod-filling stages.

® Biotic constraints.

To develop suitable agronomic practices and 1o
select genotypes that can cope with existing situa-
tions. it is necessary to know the range of the agrocli-
matic environments in which these crops are grown.
Promising genotypes and recommended improved
agronomic practices can be verified ata few bench-
mark locations representing the environment range.

Thus, the objectives of this presentation are:

. To describe the agroclimatic environment of
arcas growing chickpea and pigeonpea, with
emphasis on a few contrasting environments.

. To review the available information on the effect
of water, temperature, and solar radiation on the
growth and yield of chickpea.

3. Todi lative probabilities of simulated

chickpea yield using the relationship between

water use and chickpea yiclds.

~

Chickpea

World chickpea production data (FAO 19821 indi-
cate 37 chickpea-growing countries. Total chickpea
production in the world for 1982 was 6.2 million t.
The chickpea-growing countries are grouped into
four categories:

o India. which produced 74 of the world
production.

e Pakistan. Turkey, and Mexico: production of
individual countries ranged between 2.6 and
5.0% of world production. and togcther these
countries contributed 136 of the world
production.

e Burma, Ethiopia, and Syria. which contributed
1.0-2.56 individually and.together contributed
6% of the total production.

e Other countries, in which individual production
was below 1.0% and which together contributed
7% of the total production.

Chickpea is usually grown after the rainy season
on stored soil moisture—during winter in the tropics
and in the spring in temperate and Mediterrancan
regions. Recently chickpea has been grown in the

perate and Mediterranean reg as a winier

crop when rainfall is well distributed during the
growing period (Saxena 1984). The major pan of
West Asia and Nonh Africa is characterized by a
Mediterranean type of climate with large variaucns
stemming from proximity to the sea, latitude, and
altitude. In West Asia and North Africa. chickpea is
grown mostly in arcas where winter precipitation is
more than 400 mm (Saxena 1987). In areas with Jess
precipitation, but with a thermal regime permitung
an adequately long growing peniod for economic
vields. the crop 1s grown withirngaton (supplemen-
tary o1 10tal). The Nile valiey of Egyptand Sudan s
a good example. In areas receiving adequate winter
rain. however. the crop is sown at the end of the
rainy period (Saxena 1987)

Precipitation and evapotranspiraion, maximum
and minimum temperatures. and photoperiod for
four contrasting envir p g the
environmental range in which chickpea 1s grown
were presented in detail by Saxena (1984). These
four locations are Hisar (29°10°'N) and Hyderabad
(17°32°N) in India, Aleppo (36°11°N) in Syria. and
Khartoum (15°36°N) in Sudan.

At Hisar, where the maximum temperature
declines from 35° 10 20°C. and the minimum from
17° 10 5°C. between sowing in October and flower-
ing in January. pod set begins when minimum
temperatures rise above 8°C in February. The rapid
rise in maximum minimum temperatures (from
25 §° 1037 20°C)and in evaporation (from 1-2 mm
day~! in December and January to 4-Smmday-'in
late March and early April) hastens senescence and
forces maturity. Growth duration is long, usually
from 150 to 160 days. Daylength decreases from 11 h

16 min 10 10 h 10 min between sowing and flowering,

and increases 10 12 h 44 min at maturity. On average,

370 mm of rainfall is received before sowing and

80 90 mm during crop growth. '

At Hyderabad. the crop is sown at about the same
time as at Hisar. but scasonal variations in mean
maximum and mimimum tempcratures and in day-
length are smaller than those at Hisar. The maxi-
mum temperature declines from 30° to 28°C and
minimum from 20° to 13°C. Maximum: minimum

temperatures and evaporation increase in late Janu-

ary and. at maturity, maximum/ minimum tecmpera-
tures are around 32/ 16°C. The growth duration is
shont. usually about 100 days. Daylength decreases

from 1! h 34 min at soming 10 11 h 09 min a:
flowering. and then increases 10 11 h 24 min at
matunty. On average. 600 mm of ramnfall 1s received
before sowing. and anather 40- 100 mm during crop
growth

The chmate for spring sowing at Aleppo resem-
bles that of Hyderabad in many respects. Between
sowing 1n February-March and harvest in June-
July. maximum temperature increases from 179 10
36 C. mimimum temperature from §¢ 10 18°C, and
daviength from 1! hO minto 14 h 33 min. About 300
mm of rainfall is received before sowing. and
another 25 mm during crop growth In winter sou-
ings (November- December). rainfall 1s well distrib-
uted during the growing period, and minimum
temperature ranges between 1° and 4°C from
Drecember 1o March Davlength increases from 10 h
33min atsowing in Novembei- December to 14 h ) ?
man at harvest 1n May-June. Growth duration is
long and comparable to that at Hisar.

Climate duning crop growth between October and
Apnl 1s less favorable at Khartoum than at Hyde-
rabad. In Khartoum, the crop is grown with irr'iga-
tuon and receives practically no rainfall.
Maximum; minimum temperatures are 36/20°C at
sowing in November, but drop t0 30-33/14-16°C at
flowering and then rise again.

Since 74% of the world chickpea production
comes from India, we have studied the distribution,
area. production, and agroclimate of the chickpea-
growing environment in India (Fig.1). The states of
Madhya Pradesh. Rajasthan, and Uttar Pradesh
contributed 70% of the chickpea production in India
(Bose 1981). Easter and Abel (1973) demarcated the
chickpea-growing regions into “core™ and “satel-
lte.” A core region was one that had at least 55 of
the total cropped area under chickpea and contrib-
uted at least 1% to total national production. A
satelhite region was one that had less than 6% but at
least 2G; of gross cropped area under chickpea and
produced at least 0.5% of the national total.

To clarify this picture, the air temperature iso-
‘lhtrms for October. January. and April were super-
'mposed on the maps of corc and satellite
chickpea-growing regions in India (Figs. 2-4). In
Oc_lober, when chickpea is usually sown, the mean
daily maximum temperature ranges between 32.5°
and 35.0°C, while the mean daily minimum temper-
ature ranges between 20.0° and 22.5°C. In January.
when flowering usually begins, the mean daily min-
;';lum temperature ranges from as low as 7.5° to

0°C; the mean daily maximum temperature
fanges between 22.5° and 30.0°C. As pod filling

begins. the temperature starts nising and, by the tim
chickpea 1s harvested, the air temperatures rise ver'
high. For example. in April. the mean daily min.
imum temperature ranges between 20.0° anc
25.0°C. and the mean daily maximum temperatun
ranges between 17.5¢ and 40.0°C.

Similarly, the benchmark soils map of Indit
(Murthy et al. 1982) was superimposed on the maj
of core and satellite chickpea-growing regions o
India (Fig $) The soils are Alfisols, Inceptisols
Enusols. und Verusols.

Alfisols are usually neutral to slightly acidic ir
reaction (pH 6.5-7.0), are relatively shallow (<1 m
fleep). have less clay content, are usually sandy loum
in texture. and can retain less than 100 mm available
watcr. Entisols are decp loams, slightly alkaline (pH
7.5-8.5). with about 150-200 mm available water-
nomgt capacity in about 2 m soil depth. Inceptisols
are mineral soils, more highly developed than Entis-
gls. with 3 clay content in the surface soil ranging
from 30 1o 50%, and a pH ranging from 7.5 10 K.0;
these soils are usually less than | m deep, and lhc'
available water-holding capacity 1s less than 150
mm. Vertisols are characterized by 40-60% clay in
the surface soil horizons, witha pH of about 8.0, and
they can store between 150 and 300 mm available
water in the 1.5-2 m soil depth.

Effect of Environmental Factors
on Chickpes Yield

Seed ,\'_icld In grain legumes depends upon both
vegetative and reproductive components, which are
markedly affected by environmental factors (Sum-
merficld et al. 1980, 1987). In a study on photother-
mal effects on flowering in chickpea, we pooled the
phen_nlngy data (n = 7) for two chickpea cultivars,
Annigen and K 850, from Hisar and ICRISAT Cen-
ter, Patancheru, to calculate the growing degree
days (GDD) (data supplied by N.P. Saxena, ICRI-
SAT). In the absence of defined base temperatures
for different growth stages. such as sowing 1o 50%
ﬂ?\f’tltlng. 50% flowering 10 pod initiation, and pod
initiation to physiological maturity, we used 6, 8,
and 10°C as basc temperatures. The 8°C base
temperature gave the lowest coefficient of variation
from sowing to 50% flowering in both cultivars (18%
in Annigeri and 16% in K 850). and the mean GDD
values were 540 for Annigeri and 675 for K 850. The
base temperature of 6°C gave the lowest coefficient
of variation (27%) from pod initiation to physiologi-
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cal matuniv 10 Annigen and the mcan GDD \alue %0 —
P 9 E was 775, there was no difierence 10 coefficrents of =~
i i vanauod (335 ) using 6 8 anc 10°C as base temper- E 400
o el f hysiologicai maturit =
s atures for pod tnitauon 1o physiological maturity in -
K 850 11 mav be noted that these values lor coefly £ o0
36* cient of vananonare too high The mean GDD value g 200
for K 850 using 6°C as the base temperature was z°
745 which 1s similar to that of Annigen The coeffi- ; 100
r caents of vanauon using 6 8 and 10°C a< base ©
termperatures from 50% flowenag to pod iitiation B T 7 T 1
2 ranged from 60 10 90 1n both culinars indicating o 200 400 00 80
that pod iniiation 1s determined by environmental Cumulative ight encrgy intercepied (MJ
fa.1ors other than temperature alone bigure 6 Relationship beimeen intercepted s
- The relationship between intercepted solar radia rudiation and dryv-matter production for chichpes
y nor and 101a) dn matier production has been stu Annigeri) a1 ICRISAT Center. Patancheru p
P K died 101 different crops for example for wheat and rainy season 1982 K3
Assam s Naguiand barler (Gallagher and Biscoe 1978} sorghum (Snha
M’e;nm;‘,f"""( sumar and Huda 1989, pear) miliet {Huda et al
X7 + Mampus 2 1984) and pigeonpea (Natarajan and Willes 1950) model can be used 1o esimate available sorl wal
~ {t Tripira £ Mizoram About 046 g of total dn matter was produced for The soil water balance model developed by Ritcl
w - \"(\ & e & V’\S cach M1 of radiation intercepted by chickpea oy (1972) was used to simulate soil water for 1€ R184
o "' Q 2 ¥ Anmgen (Fig 6 M Natarajan ICRISAT personal Center and Hisar (Fig 8) The available wal
Gugaest ‘3 9 Madhya Pradesh communication) The expenment was conducted at holding capacity of a medium-deep Vertiso!
PN X AN » ICRISAT Center Patancheru under nonirngated ICRISAT Center and an Entisol at Hisar is 150 ms
E‘ i W S ; d Thas rel hip could be used to ssmu Normal rainfall from June 10 October 15653 mm
e ) late chickpea total drv-matter production but 1t 1s ICRISAT Center and 366 mm for Hisar Sowings «
0" Maharashtra ~ N necessary 1o establish whether this relauonship chickpea were assumed on 15 October at ICRISA
changes with season location and cultivar Center and on | November at Hisar Histonc
Quanufied informaton on the effect of environ- weather data for 1901-70 for Hyderabad an
e mental factors on chickpea yield should be useful for 1951-82 for Hisar were used to compute cumulativ
building models that can be used to simulate growth probability of simulated available soil water at sow
16° : and yield of chickpea However the impact of envar- 1ng for the two locations For ICRISAT Center
. onmental factors on the deselopment of discases and simulation of soi!l water was done for both rainy
/] k4 pests shouid also be considered For example devel season fallow and rainy-scason sorghum For Hisar
U, E 1> opmem of ascochvia blightin chickpea (ov 1LC 464) this was done only for rainy-season faliow At ICR}.
m Core Chickpes Region R ’g was closeh related to increased temperature at Tel SAT Center 1n 70 of the vears there s at Jeast 120
12 Regron 0o &% Hadva Ssvna (Fig = ICRISAT 1984) the discase mm of dvailable water under rainy season fallow
Satcline Chickpes Rep: % : began 10 develop when average mimmum 1empera condiions and 80 mm under rain)-scason sorghum
Benchemurh soils . 2 ture exceeded 5°C and the average maximum (Fig 8) Considening that normal rainfall 1s 42 mm
——.__A',,T,:; ‘o 2_‘ e temperature was 15 C The disease hilled almost all and potential evaporauon (PE) 1s 442 mm from
& incepusols N plants during a 3 weeh period when maximum November to February supplemental irrigations are
temperature rose from 15° 10 25°C obvioushv required to achieve a reasonably good
L # Enusol chickpea yield after rainy-season sorghum in a
. B renuok medium deep Verusol At Hisar the simulated
. I 92 Simulated Soil W ater available soil water after rainy-season fallow was
e #0° e e’ more than 120 mm in 705 of the years From
T E Chickpea 15 ablc 10 extract monture from deep Ly November 10 February normal rainfall there 1s 64
Figure § Benchmark soils 1n chickpea-growing regions of india ers of the soil profile An adequate supph of soil mm and normal PE 235 mm, thus good vields of

Moisture a1 the time of sowing and winter rains
heanng 60-80 mm (in the Indian subcontinent) are
essenual for a successful chichpea crop (Singh and
Das 1987) Because 1t 1s difficult to measure soil
water at the time of sowing a soil water-balance

chickpea can be expected at Hisar without supple-
mental irrigauon

The mformation on simulated so1l water at sowing
1s important, but the simulated daily/ weekly soul
water balance during the growing season would help
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us better understand whether the crop‘spﬂcrslfrom
water deficits at any growth stage. Additional infor-

ired
mation on canopy de 3 yould ber .;m o
to calculate the evapotranspiration compon:

daily soil water balance. .

Simulated Grain Yield

Chickpea grain yield could be simulated on the ba‘sns
of stored available soil water plus winter r;;;s
(Singh and Das 1987). Singh u.nd Bhushfn (lf ":
reported the following regression eqtum;n 720.‘
their experimental results of 1972-73 10 1978~ "
Dehradun, using cv H 208, where experimental yie
ranged between 800 and 3000 kg ha-'":

Y = 13.1 X - 456,

24

blight in chickpea (cv ILC 464) in relation to tempersture, Tel Hadya,

where Y = chickpea vield (kg ha™')
and X = water use (mm). i.c.. o1} water at sow-
ing plus rainfall during growing scason.

We used this relationship to compuic‘thc cul?iuh-
tive probability of chickpea yield for 'Huur (LFI‘, 9;
Sowing date was dtobel N n an
historical weather data for 195182 were ugd. Phos-
phorus requirements to achieve these vields were
also simulated assuming that 5 kg of phosphom;s.‘m
required to produce | t of chickgel (Saxena | 4 u)‘
In 705 of the years, simulated chickpea grain e

were at least 1.5 1 ha!, and simulated pho_sphor:
requirements were 7.5 kg ha™' (Fig. 9). Tl}e ilmuhle‘
yields were compared with the actual yields quot!

in the estimates of arca and production reporis. Tylo .
points were noteworthy: (1) farmess were achieving °.

Jess than 1 t ha"! chickpea vield in 80G¢ of the years:’

(2) the simulated maximum yield (2800 kg ha“') way
similar 10 the experimental yicld as reported by
Singh and Bhushan (1979); this was much higher,
however, than the mean maximum yield of 1800 kg
ha! obtained by farmers. This vield gap could be
reduced if proper management such as timely plani-

15 Oct at ICRISAT Center
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Figure 8. Cumulative probability (%) of simulated
available soil water (mm) at sowing for ICRISAT
Center, Patancheru (using historical data for Hyde-
rabad, 1901-70), and Hisar (using historical dats,
1951.82).

)

ing, fertilizer app
undertaken.

The water-use efficiency (WUE) of nonfertilized
chickpea crops grown on stored soil water at ICRI-
SAT Center. Pawancheru, 1s between 7.6 and 9.2 kg
grain ha'' mm ' (Saxcna 1984). We have used the
WUE value of 8 kg of grain ha"! mm-! to compute
cumulative probability of chickpea yield for ICRI-
SAT Center under both rainy-season fallow and
rainy-scason sorghum (Fig. 9). Historical weather
data for 1901-70 were used and the sowing date was
assumed to be |5 October. Maximum yields under
both rainy-season fallow and rainy-season sorghum
were about 3 t ha''. The percentage of maximum
yicld was computed by dividing individual-vear sim-
ulated value by the maximum simulated yield. In
70%% of the years, at lcast 40% of the maximum yield
was simulated under rainy-scason fallow and 35% of
the maximum yicld under rainy-scason sorghum.
Phosphorus requirements for achieving these yield
levels were also simulated (Fig. 9).

Using the WUE value of 8 kg grain ha'! mm,
chickpea yields were also simulated from 1974-75 10
198283 for ICRISAT Center. Simulsted yields were
compared with actual yields reported in ICRISAT
Annual Reports for these years (Table [). Simulated
values were within t 20% of actual yiclds in 50% of
the years. The lowest chickpea yields were simulated
for 1976/77 and 1980/81 under rainy-season
sorghum. These are due to low winter rainfall from
November 10 February, which was 30 mm in
1976/77 and 24 mm in 1980/81.

and plant p were

Table 1. Actual and simulated chickpes yield at ICRI-
SAT Center, Patancheru, under residusl moisture for
1974/75 10 1982/83.

Chickpea vield (kg ha“')

Simulated
After Alter
rainy-scason rainy-scason

Year Actual failow sorghum
1974 75 25961 3024 2928
1975, 76 1878! 2248 2176
1976/77 2654¢ . 1258 578
1977,78 1963 1805 1238
1978, 79 1342 1715 1459
197980 1015 1743 1447
1980, 81 1499 1265 658
1981, 82 1250 1232 1104
1982/83 2460 1636 1268

1. Cultivar other than Annigeri; all other resulis reported here are
" from cv Anmigen




The water-use und yield relationship studies dis-
cussed above can be used 10 screen environments fo:
production potential Simulated data in Table !
show. for example. thatna medium-deep chwa
sequenuial crops (sorghum n rainy scason ;n
chickpea in postramny season) are possible in three
years out of mine without loss 1 chickpea yield

Simulated chickpea yields were lower by 3-52%
than actual experimental yields in four ycars, paruc-
ularly so 1n 1976-77 when rain duning Oclobcr;‘
February was low (30 mm) 1115 possible thatin suc
low-rainfall years, supplemental irngations were
apphed in field experiments, but these were notcon-
sidered in the simulation because actual data were
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not available on date and amount of u':-lp,hom Ths
suggests that such
from ficld expenments should be recorded, so that
they can be included n the simulation and the
results can be gencrahized

Pigeonpea

World pigeonpea production data (FAO 1982) 1nds-
cate |4 pigeonpea-growing countries which are
grouped into four categones

e India, which produced 9% of the world

—— Actual (max ‘icld © JR00 kg ha ')

—1 - Simulated (max vicld
= 2800 kg ha )

Percentage of maximum chickpea vield

.
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Figure 9. Cumulave probability (%) o A
ted chickpea )ieid and simulated

‘r‘:;mremenls for Hisar and ICRISAT C;n—
ter. Patancheru. Sowing dates assumed: o;
Hisar, 1 November: for JCRISAT Center, 1
October. Historical weather data used: 1901‘-.
70, Hyderabad, for ICRISAT Center: 195
82 for Hisar.

production,

Kenya and Uganda, which individually contnb-
vted 2-3G and together contnibuted SG of the
world producuon,

Burma. the Dominican Republic and Malawi.
which individually contributed 1-2G and
together contributed 45 of the total world
production,

Other countnes, in which indinidual and total
share of world production was below 1%

The ag envir of pigeonpea has
been discussed by Reddy and Virmam (1981)
Chichpea 1s usually grown under stored soil mois-
1ure whereas pigeonpea is 50w n mainiy as a mixed
crop or as an intercrop at the beginning of the rainy
season Thus the soil becomes charged as the rainy
season advances and as the crop grows Intermittent
wetting and drvang, including periods of waterlog-
ging areexpenienced by pigeonpea which, however,
cont.nues 1o grow after the rains stop, with pod

filling R unde? prog Iy depleung soil
moisture

Since 906 of the world pigeonpea producuon
comes from India, we have studied the distnibution,
area. production, and agrocl envir of
the pigeonpea-growing regions in India (Fig 10)
Utar Pradesh, Maharashtra, Karnataka, and Mad-
hya Pradesh contributed about 805 of the pig

Isoclimes of Pigeonpes-Growing Areas
in West Africa

The Inter-African Commuttee for Hvdraulic Studies
(CIEH 19791 defined three maior biok hmatic zones
in West Africa

2 The Southern Sahehan zone with a growing sea-
son of *S 90 davs

b The Sudanian zone. with a growing season of
90 168 davs

¢ The Northern Guinean zonc witha growing sca-
son of 165 210 davs

Based on a study of the monthy morsture avala-
bility index for ruiny seasoncropping at 1S Jocations
(Virmani et al 1980) representing five West Afnican
countries Reddy and N\ irman (1981) suggested that
the southern part of the Sudaman biochimauc zone,
witha growing season of 120davs and the Northern
Guinean 7one with about 180 dass are hikeh to
provide a suitable growing environment for pigeon-
pea The crop 1s hikeh 1o do well on deep, heavy-
textured soils 1n these regions

Future Research Needs

pea production in India (Bose 1981) Easter and
Abel (1973) demarcated pigeonpea growing regions
into “core” and “satelhte™, which were defined car-
her for chickpea Pigeonpea-growing areas are
located within the 600-1400 mm annual rainfall
zone (Redds and Virman: 1981)

Average length of the growing seasonin India was
prepared by the Agroecological Zones Project of
FAO (1979) (Fig 11) Growing period 1s defined as
the number of days duning a year when precipitation

ds half the p levap uon. plusa
penod required to evap an d 100 mm of
water from excess precipitation stored in the soil
The lengths of pigeonpea-growing periods for core
distncts in Uttar Pradesh, Bihar, Madhya Pradesh,
and eastern Maharashtra are between 120 and 180
davs (Fig 11) Most of the satellite pigeonpea-
growing regions in the states of Karnataha. Andhra
Pradesh and Maharashira have growing periods of
90-120 davs The benchmark soils map of India
(Murthy ct al 1982) has been superimposed on the
map of the pigeonpea-growing regions (Fig 12) The
predominant soils n these regions are Alfisols,
Incepusols, and Verusols

® To del the ] for
chichpea and pigeonpea
To idenufy a few benchmark locations that
represent 8 wide range of agrochmatc environ-
ments 1n which the two crops are grown, for
tesung 1mproved management practices and
promising genots pes
To compute the frequency of different water
arailabilinies in space and ume. using simple soil
water-balance models
To gencrate cumulative probabiliies of yield
potential of the two crops, using water-use and
yield relationships for various locations, and thus
10 help expedtie the transfer of technology.
To collaborate with different national and nter-
national insututes to document the existing
knowledge on these crops, which can be used for
building crop simulation models

g growing
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Figure 10. Distribution, ares,

and production of pigeonpes in India.
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