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Because the winter cropping season is not "open-ended," crops of
too long a duration or which are planted too late in the seasonundergo
a "forced maturation" as the summer season begins; this has an
adverse effect on the yield. In these circumstances one of the most
important physiological characteristics in winter crops such as chickpeas is an appropriate growth-duration, and one of the most important
agronomic factors affecting yield is the time of planting.
In the shorter growing season of Peninsular India short-duration
cultivars generally grve higher yields; longer duration cultivars do
better in North India, where the longer growing season permits
greater overall levels of yield to be achieved. These general principles
are widely known and recognized by plant breeders.
A further important aspect of the winter growing season in the
Indian subcontinent is that winter crops are generally sown after
the cessation of the monsoon rains; the seeds are sown in soil that
is drying out.
In India the average yields of chickpeas obtained by farmers are
often only about one-quarter or less than a quarter of those that can
be achieved under nonirrigated conditions in experiment stations
within the same region with similar cultivars. In many parts of
India one of the most important reasons for the low yields seems to
be that the plant stands in farmers' fields are poor owing to the
failure of many of the seeds to germinate because of inadequate
moisture in the seedbed.
Agronomic approaches to this problem include improved seed
drills, higher seed rates, and earlier sowings. However in the major
chickpea-growing area of Northwestern India, where the monsoon
rains generally end in September, although earlier sowings result
in better germination of chickpeas, all the limited range of cultivars
that have been tested so far are harmed by the high temperatures
prevailing at that time (average maximum temperatures around
35 "C) (S. M. Virmani, personal communication, based on research
carried out by the All India Coordinated Dryland Project Centre at
Hissar, Haryana, India). For this reason plantings must be delayed
until the temperatures decline by late September and October, when
the moisture conditions in the seedbed are less favorable for germination.
In relation to stand establishment in such conditions, the selection,
or development by breeding, of cultivars tolerant to higher temperature in the seedling stage might enable earlier sowings to be made.
This is feasible in fields that have been fallow during the monsoon
season where there is no need to wait for the harvest of a monsoon
crop.
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A further physiological character that could be very useful in
achieving better plant stands in situations where chickpeas are
sown after the cessation of the rains would be an improved ability
to germinate under conditions of limited soil moisture. In some preliminary investigations we have found that there are considerable
varietal differences for this character.
On an experiment station with irrigation facilities good stands can
be assured by means of irrigation. But irrigation cannot be the
answer to this problem in many of the regions where chickpeas are
grown by farmers who are unable to irrigate the crop. As and when
irrigation and other improved facilities become available to farmers,
their general tendency is to replace chickpeas by more remunerative
crops, such as high-yielding cultivars of wheat. In North India be
tween 1960 and 1970 for these reasons, the area under chickpeas
declined by over 30Vo (van der Maesen, 19721. Most of the effort
directed toward the improvement of chickpeas must be carried out
on the assumption that the crop will usually receive little or no irrigation under farmers' conditions.
In this paper we describe some of our observations on growth and
development of unirrigated chickpeas at Hyderabad, where there is
an SOVoprobability, that is, a probability that in 8 of 10 years, there
will be no rainfall between November and February, during the
chickpea growing season. In Northwestern India there are generally
some winter rains between January and March, but at New Delhi, for
example, at the 80Voprobability level the total rainfall in this period
is 4.1 mm and at the 6OVoprobability level 22.3 mm; the annual
average rainfall is 715 mm (data from Anon., 197U. This illustrates
that, even in those regions of India where there is a high probability
of some rainfall during the chickpea growing season, the amounts
of rainfall are generally small and the great majority of the water
requirements of the crop must be met from moisture already present
in the soil.

MATERIALS AND METHODS
The experiments reported here were carried out at the ICRISAT
farm (Hyderabad) on vertisols (deep black cotton soil) which had
been left fallow during the monsoon season. The soil (pH 7.5) was
low in available nitrogen and phosphate. Single superphosphate at
the rate of 45 kg PzOr/ha and zinc (45 kg ZnSO nlhalwere added and
incorporated at the beginning of the monsoon season. The plants

MATERIALS AND METHODS

469

were sown on 1 October L974 by hand at a spacing of 30 X 10 cm in
replicated plots (plot size: 6 X 8 m). TVo seeds were sown per hill
and plants were thinned in the early seedling stage to give a uniform
stand. For growth analysis samples consisting of five plants per plot
were separated into their component parts (rachis, pinnae, stems,
pedicels and peduncles, flowers, pods, nodules, and extractable roots).
Leaf area of the pinnae was measured with a Hayashi-Denkoh Aute
matic Area Meter, model AAM-7.
The development of the root system of plants in the same plots as
those from which samples were taken for growth analysis was studied
by taking soil cores with a mechanical soil auger (tube diameter
76 mm). The cores were centered on the stumps of plants which were
cut off immediately beforehand. Three replicates were taken on each
occasion from each plot. Nearby cores were taken with a smaller
auger (tube diameter 1 cm) for the gravimetric determination of soil
moistures (two replicates per plot). The cores were divided at 15-cm
intervals representing 15-cm increments in depth. For root and
nodule counts the soil samples were soaked in water overnight and
then washed thoroughly in running water in a sieve. The numbers and
lengths of the root fragments and of nodules were recorded. The
nodules were dried in an oven at 80 oC to constant dry weight for
dry weight determinations. These operations were carried out by the
ICRISAT Farming Systems Section under the supervision of Dr.
Sardar Singh.
A trial to investigate the effects of shading during the reproductive
phase was carried out with a late cultivar, cv. F-502, planted on 11
November 1975. Flowering began on 17 January L976 and the shading treatments began soon afterward, on 22 January and were continued until the time of harvest (15 March 1976).The shadesconsisted
of white cotton cloth, purchased locally, of three thicknesses which
intercepted 50, 75, and SOVoof the photosynthetically active radiation
at noon (measured with a quantum photometer sensitive to light in
the 400-700 mp range: Lambda Instruments Corporation). The cloth
was fixed approximately 30 cm above the plant canopy, supported
by bamboo stakes. The sides were left open and there was a free
circulation of air beneath the shades.Maximum temperatures beneath
the shadeswere slightly lower (1-2'C) than those in nonshadedplots,
and minimum temperatures slightly (1-2'C) higher. Within each of
the three replicates the four treatments (nonshaded control, 50, 75,
80Vo shade) were randomized. The size of the shaded and control
plots was 2.0 X 1.8 m.
In order to investigate the effects of row-spacing on the growth
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and development of the plants, "fan" plantings were made with 4 mlong rows diverging from a central point to a row-to-row spacing of
1 m at the periphery. The plant-teplant spacing within the rows was
10 cm.

RESULTS
Growth and Development
The pattern of accumulation and distribution of dry matter and of
development of leaf area and of pods is illustrated by the data for
two cultivars of Indian origin ('desi' cultivars), shown in Figures 1
and 2. Cv. JG-62 is an early cultivar of appropriate duration for
cultivation in the relatively short growing season at Hyderabad;
cv. T-3 is a medium-late cultivar developed in North India. In cv.
JG-62 the leaf area continued to increase and there was also a net
increase in stem weight until about halfway through the reproductive
phase. However in cv. T-3 there was little net gain in weight of these
vegetative structures after flowering, and the leaf area began to
decline early in the reproductive phase. In both cultivars there was
no net gain in pod number per plant after the leaf area index (LAI)
started to decline rapidly.
The decline in LAI and leaf dry weight per plant (Figures 1 and 2)
took place because of the senescenceand abscission of leaves. In
both L974-I975 and L975-I976 when we compared a number of different cultivars we found that the range of time in which the onset
of the decline in LAI began was much narrower (about 70 to 80 days
after sowing) than the range of time to the beginning of flowering
(37 to 72 days after sowing); this decline began earlier in the reproductive phase of the late cultivars than the early ones, in a pattern
similar to that illustrated in Figures 1 and 2.
The pattern of root growth of these plants is illustrated in Figure 3.
As the soil in the surface zones dried out there was little or no net
development of roots in these zones, but deeper down, where the
water content of the soil was higher, roots development continued
almost until the end of the reproductive phase. With time the growth
of roots took place in progressively deeper zones of the soil, down to
120 cm. The percentage of the total root system in the deeper zones
increased until about 50Vo of the total length of roots were found
below 60 cm (Figure 4).
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Figure 1. Changes in total dr5r matter and distribution of dry matter in
leaves (L), stems (S), and reproductive structures (R) of chickpea cvs JG-G2
an! T'3 throughout the growing season with data on rainfall, evaporation,
relatively humidity, and temperature during the same period. The times at
which flowering began inilVo of the plants are indicated by arrows.
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Figure 2. Changes in leaf area index (O -O
) and pod number per plant
( O - - - O ) during the growing 6ea6onof chickpea cva. JG-62 and T-3.

Practically all the nodules were found in the 0 to 15 cm zone;
occasionally some were present in the 15 to 30 cm zone, but these
never accounted for more than LUVoof the total nodule mass. The
change in the dry weight of nodules per plant with time is shown in
Figure 5. Although there were large sampling errors involved in the
collection of nodules, a general pattern of increase during the vegetative phase and decline during the later part of the reproductive phase
can be seen. In cv. JG-62 the nodule mass continued to increase for
at least 1 week after flowering began and in some other cultivars we
have observed increases for up to 3 weeks after flowering.
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Figure 4. Percentage of the total root length of chickpeas cv. T-3 at different
depths at four stages of growth.

Effects of Flower Removal
When pod development is prevented by the repeated removal of
flowers from the plants, the senescenceof the plants is delayed and
they remain green and continue growing after control plants have
matured and dried. The root development of such plants in the deeper
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Figure 5. Changes with time in the dry weight of nodules on chickpeas cvs.
JG-62 and T-3.

zones of the soil is gfeater than in controls, and the nodules continue
developing, rather than regressing as they do during the pod-filling
period in the controls. For example in cv. T-3 in control plants the
mass of the nodules declined to less than 50 mg/plant by the time of
harvest (Figure 5), while plants from which flowers had been recovered had a nodule mass of 400 mg/plant at that time. But although senescencecan be delayed by preventing pod development, it
cannot be prevented indefinitely; as the temperatures rise and the
relative humidities fall at the end of the winter season, even these
podless plants show increasing signs of stress. They shed all but
their youngest leaves and their nodules regress.
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Effects of Soil Moisture
Irrigation of chickpeas during the reproductive phase generally leads
to increased yields, unless the soil moisture content is already quite
high before the irrigation treatment. Not surprisingly, the effects of
irrigation are pronounced on soils with a low water-holding capacity
in which the profile dries out more rapidly in the dry winter season.
In an alfisol (shallow red soil) we have observed four- to tenfold increases in yield and dry matter production with irrigation. In such
experiments the lack of moisture results in an earlier senescenceand
maturation of the plants.
What is probably an analogous phenomenon can be seenvery clearly
in the border rows of chickpea plots as the crop matures. For some
time after the plants within the plots dry up and mature, the border
rows remain green. The prolongation of flowering, pod filling, and
growth in the border rows is most probably explicable in terms of
the accessof their roots to a larger volume of moist soil.
Similarly, when chickpeas are planted in a "fan" design, with rows
diverging from a central point, the plants that are most crowded at
the center mature first, while those at the periphery have a more
protracted growing, flowering, and podding period and remain green
longer.
In such "fan" plantings the total dry matter and yield per plant
generally increase with the distance between the rows but this is not
simply because of the longer growth period and later maturation of
the more spaced plants. Even at an earlier stage the wider-spaced
plants are bigger, indicating that there is competition between the
rows (Figure 6). However, this competition takes place even when
there is no overlap of canopies or mutual shading between the rows.
This indicates that the plant-toplant competition is not above ground,
for light, but below ground, most probably for water.
In such fan plantings plants of different cultivars (of similar duration groups) differ in their ability to respond by increasing their
growth and yield as the distance between the rows increases. These
varietal differences in "plasticity" in response to spacing most probably depend on varietal differences in the extent and activity of the
root system. We have not found any relationship between plant
plasticity judged by this criterion and the morphology of the shoot
system, that is, the architecture of the plant canopy.
Even in normal crops grown in Hyderabad at normal spacings, the
main factor involved in plant-teplant competition is likely to be
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Figure 6. "Fan" plantings of chickpeas at Hyderabad 99 days after sowing.
is in the foreground.
CV. FlWFx384l-MF

competition for water by the root system. LAIs are generally low
(Figure 2), rarely exceeding 2 or 3, and therefore mutual shading
within the canopy is unlikely to be of much importance, especialy
at the high levels of photosynthetically active radiation (about 1700
to 2000 p eisteins/m-sec) which generally prevail during the winter
season.
However, under conditions in which water (and soil nutrients) are
not limiting and under favorable climatic conditions, higher LAIs
are achieved. Then the main factor in plant-toplant competition may
be competition for light. This may be the case in North India, for
example, when chickpeas are grown on soils with a high water-holding
capacity which has been given a heavy presowing irrigation. We
have carried out experiments under such conditions at Hissar
(Haryana) and found that in "fan" plantings similar to those made
at Hyderabad, there was little evidence of interrow competition after
the rows diverged beyond the region in which there was mutual
shading between the rows. But this sort of situation is not typical of
the soil moisture regimes under which chickpeas are generally grown
by farmers in India.
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Effects of Shading
We have carried out experiments in which chickpeas were shaded by
cloth shades fixed above the field-plots at the time flowering began;
the shading continued until the plants matured.
The most striking effects of these shading treatments during the
reproductive phase was a delay in the senescenceof the lower leaves
and of the plants as a whole. This delay was greater the thicker the
shade. For example, in cv. F-502 3 weeks after shading began, the
nonshaded controls had lost an average of 39 leaves per plant, and
those under shades intercepting 50, 75, and 80Vo of the light had
lost 24, 17, and 15 leaves, respectively. The shaded plants remained
green and growth and pod development continued even after the
nonshaded controls had matured and dried up.
The total dry weight at harvest, yield, and yield components of
shaded and nonshaded plants of cv. F-502 are shown in Table 1.
There was an increase (significant at the 1Vo level) in the total dry
weight, yield, and pod number of the plants under the 50Vo shades
compared with the controls. The 75 and 807o shading treatments
tended to reduce these, but the reductions were not statistically
significant. As the intensity of shading increased the average seed
number per pod declined and 100 seed weight increased.
These results were obtained with plants of a late cultivar planted
late, which were probably under considerable moisture stress during
the reproductive phase. The following year (1975-1976) we carried

TABLE 1
Effects of shading throughout the reproductiveperiod on yield and yield
componentsof cv. F-502(Hyderabad,winter season1975-1976).
Yield
(kg/ha)
Control
507oshade
75Voshade
807oshade

660
834
613
650

LSD (57o)
CYVo

165.0
L2.0

Total dry
weight
(kg/ha)
1389
1655
1230
1304
363.3
13.0

Harvest
index
47.3
51.0
49.7
49.7
4.45 (n.s.)
4.5

Pods/m2

424
526

38r
386
99.4
11.6

Seeds/
pod

1.11
1.08
r.07
1.07
0.038
1.8

lfi) Seed
weight
(g)

L4.2
14.6
t5.2
15.6
0.860
2.9

