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M PRODUCTIVITY OF FIELD CROPS

In thup-pertheyomhmdyneld of. chu:kpuule illustrated by studies carried out
in two i Crops R h Institute for the
Semiarid Tropn (ICRISAT) Center, Hyderabad (17° 32N, 78° 16'E, akitude
542 m), and Hissar (29° 10'N, 75°44'E, ahtitude 221 m). At Hyderabad the crop is
grown on deep Vertisols, with pH values of 8.0-8.3, medium in available N, and low
in available P. Winters are mild nnd gmwlh is u:nmnlwd by regularly rising

and increasing ic d d in late February. At
Hissar the crop is grown on Entisols with & pH of 8.2 and medium availability of
nitrogen and phosphorus. Precipitation is 300 mm in the rainy scason plus another
80 mm during the crop growth period. Winters arc long with lower long tempera-
tures. Open pan evaporation is low during the crop growth period and the tempera-
ture rises later, resulting in a longer growth duration.

Photosynthetic rate
In common with other legumes, chickpea is classified as a C-3 plant (Sinha 1977).
Thereis at least one report on a crassul: acid bolism (CAM)-like behavi

in chickpea (Santakumari et al 1979).

Leaf photosynthetic rates in chickpea cultivars vary between 15 and 40 mg
CO,/dm? per hour. This rate compares 2 bly with photosynthetic rates in other
C-3 crops such as wheat, cotton, and barley, but is poorer than in C-4 plants such as
maize, sorghum, and millet. The photosynthetic rates in chickpea are better than
those in soybean, lentil, drybean, cowpea, and red clover (Sinha 1977, van der
Maesen 1972).

Large differences in relative rates of photosynthesis exist between chickpea
cultivars. Pandey ct al (1976) reported a difference of 124% between cultivars with
the highest and lowest photosynthetic rates. A similar difference (1:14.5) was
reported by Shantakumari and Sinha (1972). Cultivars of diverse geographic origin
exhibited large differences in photosynthetic cfficiency ranging between 200 and
400 pg COy/cm? per hour (van der Maesen 1972).

CO;, fixation by leaves decreased from flowering to pod formation. Cultivars that
had the highest photosynthetic rate at flowering had the lowest rate during pod
filling (Shantakumari and Sinha 1972). Nitrogen applied in the form of 19 KNO,
solution during pod development enhanced the rate of photosynthesis (Sinha 1973).

Both pods and stems contribute to total photosynthesis in chickpea (Pandey et al
1976, Khanna and Sinha 1973). Pod walls remain green for a considerable period
and, because they are photosynthetically active, may contribute to grain yield.
Differences in pod photosynthesis exist among cultivars; the ratio of lowest to
highest was reported as 1:8.5 (Shantakumari and Sinha 1972). Chickpea pods
normally subtend below the leaves and consequently are shaded. In field experi-
mepts pods were hooked on the adaxial leaf surface to expose them to greater
illumination. The absence of i increases in seed yield (Saxena and Sheldrake 1980)

indicated that the light i ity req for maxii pod wall ph hesi
may be low.
Cultivars differed in photosynthetic rate with i ing illumination (Shanta~

kumari and Sinha 1972), but leaves of most of the cultivars reached maximum
photosynthetic rates at a light intensity of 0.5 cal/cm? per minute. Leaf photosyn-
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thetic rates were highest in 2-week-old leaves (van der Maesen 1972).

Prasad et al (1978) reported a significant positive correlation (0.56) between
photosynthesis and grain yicld but no other evidence of a relation between leaf
photosynthetic rate and grain yield.

The location of photosyathates to the nodules generally stops at flowering
and nodule disintegration begins (Shantakumari et al 1975). Roots always reccive
more photosynthates than the nodules. Under irrigation the translocation of photo-

synthates to roots and nodules is higher. The use of labeled carbon '*Cindicated that
photosynthates are translocated to all plant parts including unfed branches (Shan
takumari et al 1975). The developing pod receives most of the photosynthates from
its subtending leaf (Pandey et al 1978). When there is no axillary pod the photosyn-
thates are diverted to other actively growing sites such as the lower pods, which serve
as strong sinks. During pod development, when stems are also growing fast,
competition for photoassimilates may occur between these two sinks. Lower leaves
supply 36% of their photoassimilates to stems and developing pods (Pandey et al
1978). )

In general, the translocation of preflowering photoassimilates accumulated in
stems to developing seeds is small in chickpea. Only 22-27% of the total photoassimi
lates in seeds are accounted for when estimates are from defoliation studies (Pandey
ct al, unpubl., quoted by R. J. Summerfield et al 1979) and around 7-20% when the
refative loss in stem weight and gain in seed weight provide the basis for estimates
(Saxena and Sheldrake, unpubl.).

Crop growth rate, leaf area index, leaf area duration, and dry matter production
The rate and duration of growth of chickpea are greatly influenced by climatic
conditions, especially temperature, which strongly influences the adaptatnon of
cultivarsin different regions. In India, the adaptation of early cultivars at Hyderabad
(where winters are short) and late cultivars at Hissar (where winters are long) 1s an
example (Saxena and Sheldrake 1979). The growth and development patterns of
cultivars adapted to these contrasting environments are illustrated by the changes in
the crop growth rate (CGR), leaf area index (1.Al), and dry matter accumulation of
G-130 (Hissar) and JG-62 (Hyderabad) in 1977-78 under conditions of a gradually
receding soil-moisture profile (Fig. 1).

CGR values in the early stages are higher at Hyderabad than at Hissar. At 50 days
after sowing (DS), the CGR at Hyderabad was 9.0 g/ m? per day compared with 2.0
8/ m? per day at Hissar. Thereafter at Hissar the CGR increased exponentially until
150-160 DS, shortly after flowering and during pod set. During this period maxi-
mum CGR ranged from 20 to 34 g dry maucr/ m? per day. Then the crop abruptly
stopped growing as the plants pr d b of the sudden rise in
temperature, which normhlly occurs at (hu time of the year. A similar CGR (20 gdry
matter/m? per day), sustained for a shorter period because of increasing tempera-
tures, is reported for these environments by others (Sinha 1977).

In at Hyderabad the CGR i dually, reaches a i of
8-14gdry matter/ m’ per day and then declines as gndually at later growth stages —
a pattern somewhat similar to that observed at Pantnagar, India (Prasad ct al 1978),
where maximum values ranged from 8 to 12 g dry matter/m? per day. The CGR
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values in irrigated chickpea at ICRISAT Center are as high as 20 g dry matter/ m?
per day, approaching the values in northern Indian environments such as at Hissar.

LAI followed a pattern close to that of CGR at both locations. At Hissar,
140-150 DS during the exponential phase of LAl increase, a sudden rise in tempera-
tures normally occurs and the active leaf area abruptly declines from 6 to almost
zero. In crops that received no presowing irrigation, maximum LAI values were
between 3 and 4. At Hyderabad, the maximum LAI was between | and 2 at peak
CGR values and only rarely exceeded 2. LAl values of 2-3 were recorded in irmigated
chickpea.

The accumulation and distribution of dry matter are also shown in Figure 1. In
carly growth stages the accumulation of dry matter at a given time was slower at
Hissar than at Hyderabad. At Hyderabad the crop accumulates almost all of its dry
matter by 85 DS and senesces, whereas at Hissar it accumulates only a fraction of the
total dry matter at harvest. At both locations most of the dry matter accumulationin
leaves, stems, or roots occurs after flowering, reflecting the indeterminate nature of
the crop in which vegetative growth continues along with reproductive growth. Pod
number increases simultaneously with LAI, but once the leaf area starts to decline
there is no further increase in pod number (Sheldrake and Saxena 1979, Saxena and
Sheldrake 1979). The addition of dry matter continues for a protracted period at
Hissar because cooler temperatures prolong growth. Under such environmental
conditions even the growth duration of carly cultivars is extended because the
flowers produced dunng the cool season do not set pods and the crop continues to
grow vegetatively (Saxena, unpubl ). The period of ineffective flowering was around
60 days in early culuvars and was short in late cultivars (Table 1). At harvest,
therefore, the total node numbers in early and late cultivars are similar. The rate of
increase 1n dry matter during the linear phase of growth differs significantly between
cultivars at Hyderabad (66.3-197 my dry weight/day per plant) and is positively
correlated with grain yield. At Hissar, cultivars do not differ significantly (350450
mg dry weight/day per plant) and there is a negative trend in the relation to grain
yreld (-0.23) (Saxena and Knshnamurthy, uAnpubI.)A

Green leaf area duration (1.AD) showed trends similar to those described for rate
of increase in dry matter At Hyderabad. it ranged between 29 and 62.7 days and
although it correlated positively with grain yield, the relation was not very close (r =
0 53%). In contrast, at Hissar, the LAD was very high and was positively correlated
with average growth rates (0.79*) but was negatively correlated with grain yield
(0.63%)

Yicld, yicld components, and hzrvest index
Inchickpea, average yields vary widely, from0.2t/hain Jordanto 1.7t/ha in Egypt
(Anunymous 1977). Average yields in Inda rauged from 0.4 10 0.8 t/ha.

Growth duration at Hissar is twice as g-cat as at ICRISAT Center and 5o are the
yields per hectare (Table 1). Under well-manag*d experiments, yields as high as
4 t/ha are obtained in Hissar and 3t/ha with irrigition ut Hyderabad. The potential
yields of this crop are high. At ICRISAT Center, carly-duration cultivars are better
adapted and yield more than the late cultivars, which perform very poorly. At
Hissar, the late cultivars yield more, but the early cultivars also give relatively higher
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1. Crop growth rate (CGR), leaf arca index (LAD, and dry matter sccumulation (TDM) of 2
chickpea culuvary G-130 grown at Hissar (A, C) and JG 62 grown at Hyderabad (8, D).

Table 1. Growth durstion, total dry matter, yleld. and yield comp«nents
of chickpea st International Crops Research lnstitute for Semi And Tropics,
Hydersbed, and Hisear, Indis.

Chanacter* . 7 Hyderabad Hisar )

Total growth duration (days) 15-100 165-180
Vegetative period (day1) 3550 60100
Period of ineffective flowering (days) - 3060
Duration of podding (days) 40-50 4550
Nodes (no./plant) 150-180 300 400
1026 5568
3040

2230
1520
3540

“TDM = 1otal dry matter.
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yields than at ICRISAT Cénter b growth duration is ded. The per-day
productivity of dry matter is higher at Hissar than at ICRISAT Center, but the
per-day yield is similar (Table 1). The duration of podding ranges from 40to 50 days.
Extending podding duration by 30 to 35 days with irrigation increases chickpea
yiclds at Hyderabad. Podding duration at Hissar cannot be extended with current
cultivars because cool temperatures during early flowering inhibit pod set and high
temperatures in late reproductive stages of growth cause premature senescence. It
may be possible to extend the duration of podding at Hissar by the sclection of
cultivars that tolerate low and high temperatures during these crucial growth stages.

In chickpea, the number of pods per plant has the highest correlation with yield.
Pod number per plant is closely correlatéd with the number of secondary branches
(Gowda and Pandya 1975; Sandhu and Singh 1972, Saxena and Sheldrake,
unpubl ). Grain yield has a low positive correlation with 100-grain weight but is
negatively correlated with the number of grains per pod. The 100-grain weight has
highly sigmificant negative correlations with seeds per pod and pods per plant
(Ciowda and Pandya 1975)

Hanvest index (HI) values are higher at Hyderabad than at Hissar (Table 2)
becane of greater vegetative growth at Hissar. Also at Hissar, the Hl is higher in
late sown crops, which produce less dry matter and yield than crops sown at the
normal tme Pinnae fall begins fairly early in the season, especially at Hyderabad.
I'his results in inaccurate computation of the H1. At Hyderabad the Hl is overesti-
mated by 10% due to pinnae fall (Saxena and Sheldrake 1979), but the cultivar
ranking for Hl does not change even if the HI values used have been corrected for
pinnae fall. HI vilues observed with a number of culuvars ranged from 20 to 47%,
the highest being from the best adapted focal cultivar (Dahiya et al 1976, Lal 1976).

Response to irrigation
Chickpea can draw water from depths of 150-180 cm (Sardar et alunpubl.; Sandhu
et al 1978) and grow and yield well without supplemental irrigation provided:

® there is adequate soil moisture in the profile at seeding in regions where the

temperatures remain low for a fairly Jong time after planting, and

® open pan evaporation is low and humidity is high, such as at Hissar in India.

On a deep Vertisol at ICRISAT Center where crop growth duration is short, the
yields of the best adapted chickpea Annigeni were doubled by frequent irrigation
with the soil water profile fully saturated at planting (depth of the profile, 187 cm;
water-holding capacity, 840 mm; available water, 230 mm) (Table 2). The long-term
average precipitation in the rainy scason is arovad 700 mm for this region and winter
rains add another 150 mm. Chickpea responded to irrigation because in the surface
soil layer, where most of the roots were conc d, was depleted rapidly
(Gupta and Agarwal 1977). The irrigated plant maintained a higher leaf water
poteatial, greater LAIL longer LAD, and the crop growth duration was extended by
about 35 days. The average net assimilation rates of the inigated plants were high
during the first 52 days. Both pods per plant and sceds per pod increased and
contributed to yield (Table 2). The response in total dry matter was greater than that
in yield and so the Hlis lower in the irrigated treatment. Leaves of the nonirrigated
plants showed no rolling of the pinnae or drooping of the compuund lkaf. The
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Table 2. Effect of brigation on yield, total dry mattes, harvest inde, snd yirld crumponrots of Annigert
om 8 deep Vertianl ot Internationsl Crops Reseasch Institute for SembArid Tropics, Hydershed, bndla,
197879,

vor Tow T

Secay 100 wed

Treatmenr® dry matter  index weynt
(t/ha) (Uhe) *) (no /pinnt) (no.tped) "
Nonuigated 13 13 39) )54 mm 172
Irrigated 2 times - 31,43 DS 21 36 598 “eo 120 162
Trrigated 4 times - 31, 4).65, 30 60 08 637 1 (AR
nd 9208
LSD (003) 039 0 p{l} oo 139
o %) 07 w1 152 193 1 o)

“DS ~ dayralter wwing

nonirrigated plants had fewer lcaves with smaller pinnac, fewer internodes, and
fewer branches

At Hissar, on an Entisol with 220 min stored soil mousture from the 320 cm
preplanting rains and 80 mm rainfall during crop growth penod. & heavy presowing
irmgation reduced yields by 9-12% (Saxena and Sheldrake, unpubl ). The excesunve
vegetative growth encouraged lodging. The L AT values inwngated chuckpea rang d
from 710 8. compared with 310 410 the nonirrigated crop At Ludhiana n northern
India, an irmgation duning podfill increased yield when carly crop growth was well
supporied by conserved moisture, ungation also encouragrd excessive growth n
those expenments (Sandhu et al 1978)

Responses to supplemental irrigation 1n chickpea occurred in the abacnce of
enough stored water in the soil profile or where winter rains were neghghle or
absent. Twa irnigations, one dunng vegetative growth and the other duning podfill,
generally gave the best yield response (Saxcna and Yadav 1973, Sharma et al 1974)
at a numbes of locations in India. The highest yield increase in northern India was
32%.

The average water usc by chick pea crops at [ehradun, India, ranged from 11010
210 mm as the yickds vanied from 0.9 to 1.8t/ ha (Singh and Bhushan 1979-80). The
waler-use cfficiency was around 8 6 kg grain/mm per ha Application of P,0O,
increased the water-use efficiency. At ICRISAT Center, water-use efficiencics ol
rainfed chickpea and of those reveiving irngation only dunng the eatly stag:s of
growth(31 and 43 DS) were around B.1 kg grain/ mm per ha, whereas that of acrop
receiving frequent irmigation (31, 43, 65, and 92 DS) was 7.8 kg grain/mm pcc ha
(Sardar Singh and Saxena, unpubl.). Nonirrigated chickpea extracted waicr fioma
depth of 142 cm and (ully irrigated chickpea from a relatively shatlow depth of
127 mem.

Photopesiod responee

Chickpea is grown at & wide range of latitudes at which photoperiods vary as will as
planting time. It is under increasing photoperiods in the Mcditciitnean foui
under decreasing photoperinds in India and Pakistan, and under coont it ph 10~
periods in Ethiopia (van der Macsen 1972). Chichpea has b cn vasiously den ! -
a8 longday lenyth plants (Nanda and Chinoy 19¢wa, b; Exhel 1968; Paidcy et al
1977), quantitative long day length plants (Sandhu and Hed e 1971 and var e
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Maesen 1972), and short-day length plants (Bhardwaj 1975). Cultivars that are early
to late in flowering and maturity under normal field conditions all flower more
rapidly in longer (13-hour) days. Temperature can modify the photoperiod
reponse. Cooler temperatures with short days delay flowering further whereas
warmer days with longer photopenods hasten flowering. These two opposing cffects
can exactly offset cach other (Summerfield et al 1979). The response of chickpea to
longer photoperiods is being used in the ICRISAT breeding programs for accele-
rated generation turnover to speed advancement of breeding material (Sethi et al,
unpubl.).

Potential yiclds of chickpea, though fairly high, are not realized in farmers’ ficlds
because of constraints such as water, salinity, and nutrient deficiencies. The yield
potential can be further increased by breeding cultivars tolerant of salinity and
drought, developing input (water and nutnient)-responsive cultivars, and extending
the podding duration by identifying cultivars tolerant of cooler temperatures

PIGFONPEA

Cuyanus cagan (1..) Millsp (Leguminosae, Papilionoideae, tnibe Phascoleae), com-
monly known as pigeonpea and redgram, is a grain legume of considerable impor-
wance in India and is grown in many other tropical countries from 30* N to 3P S

Most of the improved and local cultivars of pigeonpea are short-day length plants.
but day newtral and intermediate forms also exist Flowering peniods are often long
and second flushes are common

Pigeonpeans toleram of Jrought, but sensitive to waterlogging. It grows well on all
hinds of well drained sosls Wet weather during vegetative growth followed by dry
conditions dunng reproductive growth favory high yiclds Pigeonpea also grows well
in humid areas

1 eaf photonynthetic rate
L ike all food legumes, pigeonpea 18 a C-3 plant. Low amounts of phosphoenol
pyruate carboxylase (PEP) enzyme (activity ranging from 0.04 to 0 11 wmol
(O, dm‘ per munute) have been reported but it is doubtful whether such low levels
of activity can be involved in photosynthesis (Sinha 1977). No direct measurement of
absolute photosynthetic rate of p:geonpea leaves is available, but genotypic daffer-
ences in the relative rates of photosynthesis of pigeonpea leaves measured by *C
fixation have been reported (Pandey et al 1976) In 12 genotypes tested, the relatve
photosynthetic rates varied from 100 to 12645

Without diect mcasurement of keaf photosynthesis, net assimilation rate (NAR)
1 the best measure of photnsynthetic efficiency. For a medium-duration cultivar
ACP D CRISAT Center, NAR wasabout 75 g/ m? per week at the time of flower
bud wutiation (Sheldrake and Narayanan 1979).

Crap grawth rate

A typual growth pattern of a medium duration cultivar (ICP-1) grown on a
medium deep Vertisol at ICRISAT Center over 3 years is illustrated in Figure 2. Dry
matter production and CGR in the earlicr stage of growth were very slow. The peak
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CGRof'I&Sg/m'penhywuumndhnmlOnM 100 DS. The CGR values in
later stages of growth were und db ion was made for the
fallen leaves and other organs. Mhm-ﬂnwpodamtmudtofanm 140 days
and new flowers and buds were formed, they were not reflected in total dry matter
because of the continuous loss of dry matter by leaf fall. Sheldrake and Narayanan
(1979) estimated that the fallen material constituted 255 of total dry matter produc-
tion of 8.4 t/ha for this cultivar grown on a Vertisol.
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Semi-Acid Tropics, Hyderabad, Indis (M. Namrajan, uapubl )
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Work in Australia with longer growth duration pigeonpea showed three distinct
growth phases: an initial lag phase up to day 84, a very rapid growth phase lasting
until day 168, and a final slow phase of dry matter accumulation. In this study the
maximum CGR for one of three accessions reached as high as 18 g/m? per day
{Wailis et al 1973).

Differences in maximum CGR have been reported for different cultivars At
ICRISAT Center, early cultivars T-21 and Pusa agett had a maximum CGR of 6 8
and 51 g/m? per day whereas the medium duration cultivars ST-1. ICP-1, and
HY-3C produced 89, 13.7. and 7 S g m? per day (Sheldrake and Narayanan 1979)

The slow growth rate duning the {irst 2 months is typical of all cultivars That may be
a disadvantage in a pure crop but not in a mixed crop Pigeonpea is generally
intercropped in India (Pathak 1970), West Indies (Ariyanayagam 1975), and Alnca
(Acland 1971) with a vancty of other crops such as ceicals, low growing legumes,
and root crops, but notably wath the cereals sorghum. maize, and mullet The etfect of
these assocuated crops on the growth and development of pigeonpea 15 discussed
iater

Dry matter production .

Dry matter yicld as hugh av 23 ¢ Ra has been teposted from Austraha for a
long-duration pigeonpea U'Q1 (Akinola and Whiteman 1974b) When pigeonpea
was grown in the normal season at ICRISAT Cente, the aboveground dry matter
production gencrally ranged between 6 and X1 ha for medium duration culivars
and between 3 and $ 1 ha for carly cultvan (Shcldtake and Narayanan 1979
ICRISAT unpubl dama) The dry matter production of the detcrminate and inde-
terminate cultivars in cach of the three growth Juration classes was studied  [he
indeterminate types outyielded the determunate types i all cases (ICRISA T (978)

Because of pigeonpea’s photopenod sensitivity ite dry matter production i
greatly influenced by the tme of planting Akinola and Whiteman (1474a) observed
a range of photupenod responscs over a broad group of accessions, but the maxs
mum dry matter yield of all the accessions dechned with a delay in sowing beyond
September. At ICRISAL, when cultivars belonging to carly . medium . and later
duration classes were planted 1 October instead of the normal planting tine in July,
plants flowered earher and were shorter (0 S 1 m) than normml (1525 m)
(ICRISAT 1978) In Puerto Rico, when the normal Apil-May planting ume of
indeterminate cultivars was delayed 10 September-October the plants +lvo flowered
earhier and were appeeciably shorter (Abrams and Juba 1973)

Dry matter production has been studicd in relation w population density Aki-
nola and Whiteman (1974b) found that the dry matter yicld-density relation de
scribed a parabolic curve over a wide range of plant population densities Increasing
plant production favored vegetative growth, particularly of the stem, and reduced
seed yields Thus, the optimum density for dry matter production (107,639 plants
ha) was much higher than that tor seed yield (17,940 plants/ha) For a medum
duraton cultivar (ICP-1) tested at ICRISAT Center with population densitics
canging from 15,000 to 130,000 plants, ha, dry matter accumulationincerascd up 1o
the highest population density. Seed yield (esponse to a population density of about
100,000 plants ha remaimed low ant then decreased (ICRISAT unpubl. data).
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Partition of dry matter and harvest index

In pigeonpes. dry matter accumulation in the vegetative structures continues
unabated after the onset of reproductive growth. At ICRISAT Center dry weight of
the stem increased after flower bud initiation, reflecting continued production of
new branches and continued thickening of existing stems (Narayanan and Shei-
drake 1976). The early cultivars produced 73-869 of their total stem dry weight after
flower bud imbation and the medium-duration cultivars about 35-35% Production
of secondary branches continued duning the reproductive phase in all the cultivars

Dunng the iniual slow growth phase, the keafl fracuon constituted a greater
pottion of the dry matter than the stem, but thereafter decreased progressively The
stem, however, continued to be the major constituent of the total dry matter unul
harvest

Pigeonpea has one of the poorest HI valucy ainong the gran degumes At
ICRISAT Center, mean HI values of 34% for the catly cultivars and 24% for
medivm-duration culuvars have been recorded (Sheldiake and Narayanan {979)
These values, however, overestimated the partitioning ethaency of the crop because
the enormous loss of dry matter through leaf fall was not consideied in the
calcutations  The mean H1 for the medium cultivars was reduced from 24 1o 174
when correction for beafl fall was made In [rnimidad, the Hl of pigeonpea has been
reported 1o range between 12 and W¥4 for cacly- and inedwm duration cultvars
(Ariyanayagam 1975)

Culisvar difterences in HE may be mfluenced by the relative duration of the
vegetative phase and by the dry matter partiioned wito seeds in the reproductive
phase  The higher Hi of carly culuvars might be duc in pait to the relatively higher
portion of their whole growth penod that was occupied by the reproducuinve phase
{Narayanan and Sheldrake 1976) Further studies at {CRISA T Center revcaled that
HI did not duffer appreciably between determinate and indeterminate cultivan i
carly and medium geoups, but in the late-matuaity group the mean HI was higher
determinate cultivais {31 5%) than in indetermunate cultivars (19 2 ) (Venkatarat
nam and Green (979)

As in most food legumes, HIin pigeonpes 1s stiongly influcnead by enviconmernt
and can be manipulated agronomically by planiing density irngation, and fertitira
tuen. Sinking chunges in Hi caused by ateivropping and change in the time i
planting were also reported.

As mentioned carber, prigeonpea s grown maostly in association with other crops
and this can greatly change the growth and development puttern of the crop
Figure 2 compares the dry matter accumulation paitern in a medium duration
pigeonpea cultivar (1CP-1) grown alose or 10 an intercrop system at the sume
popuiation density  Sorghum, the othc: component 1n the system  severely
depressed the growth of the intercropped pigeonpea and the growth rate of the
mntercropped pigeonpea did not exceed 0.8 g/ m? per day untl the sorghum was
harvested. After the sorghum harvest the pigeonpea COR rose sharply, peaking at
5.5 g/m? per day between 120 and 140 DS Inteccropped prgeonpea was shown to
have great compensating ability after the harvest of sorghum (Natarajun and Willey
1980¢). The dry matter production of intercropped pigeunpes at the time of
sorghum harvest (85 DS) was only [4.5% that of pigeoapea grown alone Theee
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months later, at matunity, the total dry matter yield of intercropped pigeonpea was
419% of the maximum that pigeonpea alone produced. Nevertheless, the HU of
intercropped pigeonpea was 31.6% compared with 18 8% for pigconpea grown
alone This was due not to a change in the partitioaing efficiency of the intercropped
prRronpea per se but to the greater dry matter production that occurred aftet the
crop had entered the reproductive phase. Intercropping pigeonpea with less aggres-
stve, low growing legumes such as groundnut is practiced to some extent in India
and thae intercrops may have less effect on pigeonpea growth.

Pigeonpea s normally planted in India in June-July when the day kength is
marnnum §ate plantings, which produce smaller plants with less vegetative growth,
peandtm high HE(LCRISAT 1978) Fhus, with high plant populations to compensate
for the smaller plant size, pigeonpea has good potential as a wintee crop in areas of
frdie wiere wint 1 tempeiatures aie not too low (Narayanan and Sheldrake 1979)

Fronomic celd 3nd yield components
ALICRISA T Center pigeonpea seed yield normally ranges between | and 2t/ ha for
an

i duraton cultnar depending upon the rainfalland voil type Itisapproxi
maelv 12 kg ha per dayvon the normal crop season Yield can be much higher
Under favurable growing conditions dry seed yields ot 1 6-2 5 1/ha can be reahized
and an exceptional vield of 5t ha was reported from India (Rachie and Roberts
1974 Aot and Whiteman ¢1972) reparted the ighost annual dey seed yield of
T ha based on 2 mggor huesaas from i single planting of 11Q S0 a per-plant
wehtal T Skg with plantsspaced ac D 3« 1 83 Wallis et al (1979) reported that a
photagend psencrnve short doraton vaety 12 davs to higsthanvest) had a yreld
petertial of c 0 haor 20 kg ha per dy
Astreng s ocntinn found detween tolal annual seed vicld and the total number
wfpod producng brasches per plant suggested thatseed yield was influenced by the
uiiher of sites avalable for pod production tAkmola and Whiteman 1974a) There
Ay peosgnilicant direct refation between seed vield and other yield components
such s aumber ol seeds per pad weigh ot B sceds, and ratio of seed weight to pod
weight Work at 1CRISA T Centerand o Puerto Rico also indicated that gran yield
differen es o pigesnpea eseinug trom agronomic mampulation weee largely
mand sted through ditferences i the pod number and pod-beaning branches per
plant rather than i the wed number per pod and 100 gran weight (JCRISAL,
unpubl data, Abrams and Juha I8TY

Canopy development and light use
Canopy development 1 pigeonpea i very slow A typical leaf area development
pattern fora medwm-duration cuttivar showed that after the first 30 days of growth,
1AL was barely 0.5 (Fig 2). [her-fure, a large portion of the ncident sunlight
reackes the ground umntercepted. A crop of the same cultivar intercepted as httle as
107%, of the total incoming radiation (Natarajan and Willey 1980b) | month after
sowing. A peak interception levil of 77%, was reached at about 160 DS.

Figure 2 shows that the maximum LAI of 3 28 nearty coincided with the attain-
mcnt of peak CGR. Although this maxirvm 1Al s typical of a medium-duration
cultivar, higher values have been reported ander more favorable conditioas (Shel-
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drake and Narayanan 1979). Lcaf area development in pigeonpea s influcnced by
such factors as varicty, fertility, density, and moisture availability Keatinge and
Hughes (1980) reported peak LAl values ranging from 0.34 to 12.5 in 24 situations
resulting from site, vaciety, and moisture lkevel combinations. Maximum LA[ values
ranging from 13 to 16 have been reported from Australia for 4 pigeonpea cultivan
(Wallis ct al 1975).

Rachie and Roberts (1974) suggested that the erect Cajanus plant, with compara-
tively small lanccolate keaves, should have higher photosynthetic cfficiency than
other leguines. They believed that LAl values of 7.0 and higher should be considered
optimum compared with LAl values of 3.0 and 4.0 for other large-leaved legumes.
This opinion was contradicted by Hughes ct al (1980) because the vaiues were tugher
than for other tropical legumes and higher than those normally achieved by the
pigeonpea varieties in their trials. Studies at ICRISAT with carty and medium-
duration cultivars also showed that the maximum LA[ values were mostly below 4 )
when pigconpea was grown at optimum population deasity and exceeded 4.0 only
when the season was abnormaily wet The maximum LAI was normally actueved
after flower bud nitiation and nearly coincided with the tine of maximum CGR
(Sheldrake and Narayanan 1979, Natarajan and Willey 19%0a)

Pigeonpea intercepts about 959% of the incident radiation when the LAT s about
4.4 (Hughes et al 1980; Natarajan and Willey, unpubl ), and wrtially all the hght at
[ Al values greater than 6 0 (Wallis et al 1975)

Pigeanpea, bestdes betng slow m canopy development, wethiciently uses mter

cepted radiation for dry matter production A mean intercepted Ught use sthoency
of 091% and 1 0K for the pertod up to maximum dry matter accumenlation was
obtained with a short duration pigecipea at niudad Hughes et al (950) and o
medinm duration coltivar o TCRISAT Center (Natarajan aad Wtley 19791 the
relation between the accumuiated dey imatgr and accumulated intereepred (adiatine
was approximately inear i both studiey, at least dunpg vegetative g ati

Rexponse to major climatic factors

Termperature A temperature tange of 25 to WP C s opumal for prgeonpea, but it v
SUEVIve terperatuies up o 45 C i sod mosture s adequate (Sinha 19771 Pigenopea
1s extremely sensttive to Lrost but it can survive, though with poor gromthuates, when
temperature goes as low as $- 1P C Pigeonpea cultivacs dilter m degree ot coid
tolerance (Chi-Chu Wang 1979)

Water Pigeonpea has a deep taproot system and s highly deought iesistang
(Gooding 1962). Root development 18 extensive and deep, cnabhing the plant (0 tap
motsture and nutrients at greater depths than the more herbaceous tropical gram
legumes. Once established, pigeonpea grows exceptionally well on residual mos
ture. On uplaad soils in southern Nigena the crop grows vigotousiy aad fruts
profusely 75 days after rains stop (Rachie and Roberts 1974). In India, where the
crop is almost entirely rainfed, the mediuny- and long-duration cultivars flower at the
end of the rainy season and pow for long penods on residual sod moistusc
Notwithstanding its high drought tolerance, pigeonpea responded to imgation in
dry scasons (Saxena and Yadav 1975, Keatinge and Hughes 1980).

Day length. Most pigeonpeas are photopenod seasitive and are quanutative
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short-day plants (Walhs ¢t al 1979) But a range of photopenod responses has been
found by invesuigators working with a broad group of genotypes. Early-maturing
types did not seem to show a typical short-day reaction as did the medium types
(ICRISAT [975). Akwnola and Whiteman (1974a), in an expeniment with two
carly- and two late-maturing cultivars, showed that the late-maturing cultivars were
quantitative short-day types, one of the early-matunng cultivars was day-neutral ot
nearly day-neutral with a quantitative response to low temperature, and the other
was intermediate. Four photopeniod response groups were identificd among 21
cultivars tested by monthly planung (ICRISAT 1976) Interactions between the
photopenod responses of pigeonpea and chmatic tactors such as temperature were
found at IC RISAT (ICRISAT 1976) and in Austraha (Akinola and Whiteman
1974a)

Perenmal character. Gooding (1962) descnbed pigeonpea as a short-lived peren-
nial that 1s often cultivated as an annual. This s espeally so in India where
pigeonpea is normally cut and harvested when the pods mature. If the plants are left
standing, the reproductive phase 1s followed by a second flush of growth and
Nowenng (Sheldrake and Narayanan 1979). The sccond crop s produced dunng the
hatdey scason when the fickds cannot be used tor any other crop. the well cstabhished
oot system of the pigeonpen up);»n water that s sull avinlable i the soil
(ICRISAT 1977)

According to Sheldrake and Narayanan (1979), the perenmal nature of pigeonpea
means that Junng the reproductive phase sutticient asamulants and other nutnents
must be retained tor the survival and continued growth of the yegetative structues
They think that the planis set fewer pods than they can fill because the pods do not
set when the assimilanis supply (alls below a threshokd  The feasibility of exploiting
the perenmal nature of pigeonpea to prostuce more than one crop from a sngle
planting has been demonsirated ar ICRISAT and the Umiversity of Queenstand
Austraha (JCRISAT 1977 1978, Sharma eu al 1975, Sheldrahe and Narayanan
1979, Walhs ct al 1979)

Two physiologica! facron secin to imit the seed vickl in pigeonpea

1} a prolonged phase Gl dow growth m the carly growth stages, and

2) posit paribioning of dry mattei into sces
Farmers use the Lt imutation 1o their advantage by intescropping pigeonpea with
fast R OWINR. € ity g e second lunitation 1s more important and
further study Aob o unde sand the physiological constianty that govern

Gt NENL )

Arachiy b pogaea L (Legurminosae P apitonimdeac, tnbe Aeschynomeneae) com
monly known as groundnut, peanut, earthnut, of monkeynut, s uswally grown as an
anrual crop Groundaut 1s of South Amencan ongin. most ikely from Fastern
Bulivia, and s now grown thioughout the tropies and subtropes to %0 N and S lat
where cauntadl dunng the growing season exceeds 00 mm It s very unportant im
srand troptes whereabout 23 of the world's groundnuts produced. Groundnut
portonms wethin the dry termperatie tange between 24and 33 € butuan sunvive up
LA Catadeauate sonf reonture mintined  Ehe most suitable sods Lo ground
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nut are well-drained, light, sandy loams. Groundnut docs not t Frate waterloyysng
and harvesting is difficult in beavy soils because the scal sticks 10 the pods. Ground-
nut is generally considered a day-neut: al plant alth i »h some work supe- tthat the
sensitivity of growth parameters to day leagth is modilicd by temypc rature (W ynne et
al 1973). However, normal day len.*h is not a critical factor inflir: any yi-'ts
Provided that the correct strain of Rhuzobium s precent 1n the sl orth-+ . are
inoculated with it before they are sown, root nodules arc abund snt on the mam ind
lateral roots. The nodules are glu"ular and never lobed

Photosynthetic rate

Groundnut has the C-3 photosynthetic pathway, but the ubserved rates of photoavn
theus at high hight intensities ace comp.rable with those of 4 plants There s no
evidence of bght saturation in this crop as 1n other (-3 speciey at relatively jow hght
levels (Pallas and Sanush 1974, Hesketh and Moss 1963)

Photosyathetic response of groundnut helps to explain ity adapration to the wide
range of light condwions 1n hurmid, senubumid. and and regions T high rate of
photosynthesis at any hight levelindicates that it 1s one of the more clticient speaies
converting solar energy to fixed carbon Genotypic vanwnon in photoaynthetic cate
ranging from 1610 301ng CO,; dm? per hour ata given hght intennity wems to e st
(Palluas 1973) Leal photosynthetic rutes in groundnut genotypes vaned between 24
and 37 mg COy, dm? per hour (Bhagsaa and Brown 19764) Photosynthetic rate was
positively, though weakly, correlated with percentage mitrogen and chiorophyil
content of leaves Stomatal frequency and photosynthetic ratey were nrgatively
correlated A significunt correlation was obtained (- + U i between the cat of
translocation and photosynthesis for 9 groundnut genotypes stitied (R 11 and
Brown 1976b)

The highest apparent photosynthesis (AP) was cbhseeved tor leal 3 the younge
fully expanded leat on the branch. and the lowest AP forleafl 8 Leaf Sexhbred n
intermediate AP rate (Henming etal 1979) AP decreased with plant.s 1!~ decrease
was 216 from day RO to 110 and 38% (rom day 11010 140 Learcvnerthe; 0 v

of the groundnut plant contribute most dunng pod titb oy and the pfor v
capacity of all keaves devreases duning this pered Lhere s voas :
photosynthesis (Pn) for 4 out of the § genotypes ©+ o wbonae it

concentration was incteased (rem SO0 600 ppo e cou v i B e Nt
photosynthests of leaves f all the hve genoty pes wan aot ey et b bou !
layer resistance nor feaf charactenstics including chlocophyll cone et
frequency, keal mitrogen content, ar speatic leaf weight

The indeterminate nature of groundnut pecnuts stem growth to ahsocb any
surplus photosynthate, thus photosyathate utihization 18 nob consdered a good
measure of photosynthene tate (Willluins et al 1976} Cool temperature restricry
vegetative growth and reduces photosynthesis. In warmer conditions, the dovelop-
ment of the reprodductive sinks docs not appear 10 alter photosynthesis (W imy ¢
al 197%a)

Khan and Akosu (1971) ysed **C 10 trace carbon tian- ot grour dant by
the vegetative growth stage. Developing leavesa 1 vied mostotthe carbo owt e
fully expanded leaves exported most of their catbon to deseloping apuesaf yons g
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leaves and roots. Immediatcly following peg formation, the developing pods becowne
the main sinks At this stage assimilates are translocated mainly from the leaves of a
branch to pods of the same branch.

Crop growth rate and dry matter production

Maximum CGR of groundnut are similar to those of other C-3 crop species (Enyr
1977, Williams et ai 1975). Maximum CGR values ranging from 1) to 20 g dry
matter/ m? per day were obtained for four groundaut cuhtivars in Rhodesia (Wil
frams et al 1975b) Samaru 61, 3 groundnut of about 125 days duration. grown at
Samaru, Nigeria, produced 845 g dry matter; m?* The maximum CGR value was
20 7 g dry matter’ m? per day at about 60 DS (Kassam ct al 1975) Dodoma Edibic
anvther groundnut of about 125 days duration when grown in Morogoro, Tanzania,
produced 1,530 gtowal dry matter 'm?. a mean CGR of 12 § gdry matier/ m? per day
(Enyi 1977). The CGR of § groundnut cultivary grown in Flonda, USA, did not
differ significantly, thens pooled CGR was 19 | g dry matter, m? per day (Duncanet
al 1978)

ACICRISAT Robat 13-4 2 ¢ oundnut of about | 15-day ducation, produced 568
groaldry mstier m? Fhe maumum CGR was 9 $ g dry mateer, m? perday(Fig )
fn this cultvar lower imtiation occurs at about J0 DS and abundant flowering
conttiusy untd 70 DS Jnimal CGR increased rapidly, reached 2 maximum at about
VDS, and then gradually declined  This pattesn was complicated to some extent by
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3. Crop growth rate (CGR), leaf arce ndex (LA, total dry maticr (TDM). and perocnt ght e
oepuon (L1) in groundnut Robaut 331 on a medium docp Altfisol at K RISAT, Hyderabad, India
(M. S Roddy uapubt )
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leaf losses of unknown magnitude that lowered apparent CGR valuzs late in the
season CGR also declined because of vegetative growth rate reductions. The rate at
which the kernel component continued to contnbute to CGR appeared unaffected
by the decline in the leaf area

A close and positive relation between CGR and grainyield - GY = 34 )7, CGR
= 306.93, andr 0982  was reported by Enyi (1977) The relation between the
CGR and L Al was linear, CGR increased with increasing 1 Al between LAT of i and
42(CGR - 4386, LAl 975, andr - 0 881) Willams et al (19758} found a pour
relation between the yield and CGR totat dry matter, or t Al presumably because of
varable growth distnbution between vegetative and reproductive companents

Duncan et al (1978) concluded that selection for higher yield in groundnut has g
resulted in correspoading increases in CGR. A large part of the yreld differences in
groundnut cultivars with nearly the same CGR values i assocuated with differences
n partitioning of darly photosynthate o truits The duration of the transiion from
vegetative 1o reproductive growth, and the proportion of growth going to reproduc-
tive components vary conniderably with temperature and vanety (Withams et al
1979a,b) The distnibution of asumilates between vegetauve and reproductive com
ponents s important because any change in this ditrtbution that favors reprodue
tive growth under the same growth conditinns may result in greater totat pod growth
tate and, thereforz higher vields This greater pod growth rate should also allow 4
greater poditiation tate and decrease the fosses of vield and quahity thar ssuaay

ocruean veeyoit of the ndeterenate pod prodacton patiern

[enf ares index

Ihe DAL Robns Vi inarased graduatiy cached 4 mavanuim of 34 40 vad
AS IS DN e then e taed gradiatly © 2 g atianest (big ) Matimun 1A
values ranging from 4 St h Y were achieved with 4 groundaut cultivarsin Rh ia
(Wilhams et al 1975h) [he development of keal area dilferad considecadiy and
appeared to he independent of branching habit Kassam ot al 11979 vbseived 4
maximum [ AT ot 5 % at about 20 DS in Samaru 61 (119 Jave duranon growa st
Samaps, Nigeoa The b ALdecicased to | Sathanest Duncan etal (13 Sy repoced
that the | Af continued o increase to move than ' 0o some cultivars, dut devause
light intercepuon appeared complete at about I AL VO, further increase in 1 AL way
assumed to have no measurable cftect ua CGR Dodoma Edible, grown at My
goro, Tanzania, attained a maxumum { Al of § 6 about 80 DS and decreasad to 0 ¢
LATat harvest (Enyr 1971) There was a posutive and lincat relation between [ A
and grain yield (GY -~ 3397 1) 45803 andr : O RS3)

Flongant groundnut in growth chambers has larger leaf acea for the 34 307 C and
W/ 26° C day: night temperatures than for the 26,22, 28 2, and 18, 18°C (Cox
1979). The optimum average temperature for the maximum leaf was about 3P C
slightly hugher than that of flowering and about P C above that for dry weight
accumulation

Yield and other yield components
Groundnut pod yield per unit area depends on the number of pods per unit area and
weight per pod The number of pods depends on the number of pegs and pods
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produced within the time available for filling. The pod growth rate and development
to mature kernel depends on the supply of catbon and on temperature. Pod yicld in
groundnut is also affected by variety, spacing, fenilizer, soil moisture, and soil type.

yicldsare bly high considering the conditions under which the
crop s grown. Worldwide average yields are 0.9 t unshelled nuts/ ha and are as high
as 3.5 t/ha for the United States Yields exceeding 9.6 t/ha have been obtained
(Rachic and Roberts 1974, Hilderbrand and Smartt 1980). The shelling percentage 1s
about 807 for early-matuning. bunch types compared with 60-75¢%. for spreading
cultivars.

Robut 33-1 at ICRISAT produced 2.21 t dry pods/ha (1able }) Samaru 61 at
Samaru, Nigena, produced | 6 t kernel/ ha at the rate of 2.6 g/m? per day, the HI
was 62 5¢ (Kassamn ct al 1975) Dodoma Edible at Morogoro, Tanzana, produced
seed yickd upto 2 72t/ ha (Fnyi 1977). Pod yields ranging from 2 4710 § 381, hafor 4
Florida cultivars in the US were reported by Duncan et al (1978) Groundnut's great
ability 10 recover from adverse conditions such as drought and waterloguing gives
the crop considerable performance stability
Temperature response
The effect of temperature on growndnut flowering and teuting has been studied by
several workers (Wood 1968, Cox 1979, Carlson ot al 1975, Wynne ct al 1973)
Wood (1968) subjecied a Spanish type, at carly lowenng, o 12 days of varying
temperatures Fruit production was greatest for plants held at a constant day; mght
temperature of 25°C Plants were exposed 10 30-25°C day. mght temperature
regime before and alter the | 2-day treatment  {he total dry matter socumulation of
the Makulu Red cultivar grown 1n Rhodesia increased with increasing mean
temperatures over a range from 17 910 23.3° C, but the yicld of kernels was greatest
a1 20 I°C(Wilhamsctal 1979) In phytotron studics. maximum ary matter accumu-
tation of NC4 groundnut was achieved at 28° C duning carly growth, whereas older
plants had maximum dry matter accumutation at 32°C (Carlson et al 1979) Cox
(1979) conducted two studsey in growth chambers 1o cvaluate the effects of tcnipera
ture on the vegetative and reproductive growth phases of the Flongiant cultivar
Day. might temperature regimes ranged from 34; 30° 10 18/ 14° C in the first study
and from 34, 30" 10 22/ 18° C in the second. Early growth, determined by accumula-
non of top dry weight, was optimum at a weighted mean temperature of 27 3° C
essentially no growth occursed at 13.5° C. Rate of increase in pod weight, individual
pod weight, and total fruit weight were greatest at 23.5° C. Duning early growth, the
optimum temperatures for leaf area development and for flowenng were above
28°C In later stages the optimum temperature {or Nowenng decrrased 1o about
C

Photoperiodhm and day lmgth respome

Fowering induction in g is g lly ind demt of photoperiod and
cannot be regulated by phmo;cnodnc treatment htmyu (1957) reported thas
groundnut is photoperiod sensitive, but only during the first 6 days after gerinina-
von The growth of groundnut plants of both subspecies of A. hypogara responded
10 the effect of day length (Wynne et al 1973). Plants grown under short du; s (9
hours) produced pegs but only 31 27 of the flowers produced pegs when the plants
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Tuble 3 Growth duration yield, and yseld cumponents of Robul 333
groundnut cultivar grown on & medicm deep Alfisol st Internations) Crops
Resrarch Institute foe Semi-Arid Tiopics Hyderabad, India (sv of 1wy
sous) *

Days to inial Nowenng
Trutial Qowe g to od |
Pod devel craent and -natunry s
Totad growth dugtion (days

Total dry mattecithey

Pod yield {17Fa)

Total dry matiec v P pee iy

Pod yicdd (g e L)

HMarvest ande (%)

Sheilig percentage

aation (11,5)

YOS Rediy gt

wers grown under long days Fhice prordoes boes

ther s Y R rnds goow
snder a Y-hour day weee sinaller but prodnced mors frun thas ahen o

Rloanm vlong day teatment (9 hears ot jight pluc v Ui et
dark peocady Mosthyhods shoaed gretern heterone respoine 1 e

shoct dass than under Tong davs e Wenme aed Uarers 19730

Solar radiation

Pightanterceproon gy Robat 335 a0 ICRIS AT was aweasnee

theoughout the wrowimg season Interception ncredsed &b’y aind ewied o
i ximim ot ¥ by abont 7S DS and dechined gradnag v 700 athareest g 2
Phe total ight enengy it pted by dus crop was 2 I keal con® and Dame
matter per kdocalone was produced (Reddy and Willey 1979 Seasonal #necgr
conversion of groundnut grown at Samacy, Nigeoia, was 0 67 o the totad indoming
radiatton (Kassam et al 1975y

Solaradiation dunng early growth s an unportant yseld detecmaant Plans e
14
ot tlowering 4 weeks) had slower leat develupment and fower CGR and seprasdac:
e development At TCRISA T, arttic al shade (GO redection i solac rdatina
55 DS until linal hatvest did not peoduce any noticeable reduction in total iy
matter o1 leal area development, however, the study was conducted dunng ihe

were shaded to 8007 reduction in duect solar sadution from emei gence w be g

summer diy season when solar radiation values are espectaliv igh

Water relations

Little research has been conducted on the water relauons ot groundnug, but the crop
appears compatatively resistant to drought and is able to extract sod motsture undzr
extreme conditions [n the sandy soils of Senegal, yields are reduced when soil
mosture reaches 70¢% of its ietention capacity. The permanent wilting pout 18
estimated at 404 of that level (Dancette 1970). Mowsture deficiency has a direct etfect
on yields, particulacly when it occurs during flowering. Water requirements for
groundnut grown on dry lands have been estimated as 500-600 mm, scason. Duning
the first months of growth, daily requirements increase from 1.5 to 4 mm/ day, reach
S-1 mm/day during peak growth, decrease to 4 mm by the Ist month of the
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Table 4. Effect of molsture stress on yield, total dry matter, harvest index, and other yield components
of Robut 33-1 oa » medium-decp Alflso! at Internationsl Crops Research Institute for Semi-Asid Tropics,
Hydersbed,

India, 1980 summer.*
Pod Total Hagvest Pods 100-kemel
Treatment yield dry matier index (no.plant) weight
— S UL D UL S ) S A
No stress (irrigated every 17 59 as 162 592
10 days)
Stress (utigated every 08 24 34 65 1328
20 days)

°M S Reddy. unpubl

vegetative cycle, and finally drop to 2 mm daily during nipening (Ochs and Wormer
1959, Mantez and Goldin 1964). Crop water use of 120-day Samaru 61 in the
Nonheirn Guinea Savanra was reported at about 440 mm, corresponding to a crop
water efficiency of about 520 g water/g total dry matter (Kassam ct al 1975)

Robut 33-1, grown on a medium-deep Alfisol at ICRISAT during 1980 summer,
produced 2.7 t dry pods/ha when the crop was irrigated every 10 days compared
with 0.8t dry pods/ha froma stressed crop irrigated every 20 days ( Table 4) Duning
the 1978 rainy season crop water use of Robut 33-1 was 368 mm, corresponding to a
crop water-use etficiency of 134 kg dry matter ha per em water (Ready and Willey
1980) .
Florunner groundnut, when subjected 1o i 70-day drought by runtall-controlled
shelters (from 36 1o 105 days ina 130 day cropy, produced only 141 pod yield  ha
compared with § 2 t:ha in the no-drought treatment (Stansell and Pallas 1979). 1t
seemns that water stress does not reduce photosynthesis i groundnut as drastically as
wdoes insome other crops (Klepper [973). Franspiation vates of groundnut plants
drought-stressed to wilting were 665 of maxamum, and stomata were onfy partially
cpen (Wormer and Ochis 19991 Dulfusive resistance, determined with a porometet
or from taaspiraticn ates waned between 09 and 25 seconds ‘e for conrrol
plants, whule the ditfusive resistance of stressed plants reached maximum values ot
18-20 seconds/cm. Under a given degree of water stress, as indicated by relative leat
water content, leat diffusive resistance and net photosynthesis were simlar i five
groundnut genotypes tested (Bhagsart et al 1976)

Yields in the semiarid tropics are lower (about 0 9 t ha) thaa the yields (about 3
1/ ha)in the developed world. The reasons tor these large dispanities i yields include
pests, diseases, unreliable jainfall, and poor agronomic practices Yields can be
further improved by breeding for discase resistance because diseases ire the greatest
yield reducers. The crying need of the semiand tropies farmers is for high-yielding
vaneties tolerant of various stress situations.
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