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Abstract

Chickpea grown in the semiarid Mediterranean environments of West Asia and North Africa may experience an
extended late-drought stress. The objective of this experiment was to evaluate seed dry weight accumulation, re-
productive growth duration, and seed yield in five chickpea genotypes in order to identify those under drought
stress. Chickpea plants were exposed to two irrigation treatments (from flowering to seed physiological maturity): 1)
Irrigation; 2) non-irrigation (rainfed) treatment. Seed dry weight and moisture content, seed yield and yield compo-
nents, and reproductive growth duration [as defined from flowering to physiological maturity (yellow pods)] were mea-
sured. Seeds from plants grown under non-irrigation (rainfed) treatment reached their maximum dry weight and min-
imum seed moisture content earlier than those from plants grown under irrigation treatment, indicating that chickpea
had shorter reproductive growth duration and faster maturity under late-terminal drought (rainfed). The non-irriga-
tion treatment decreased seed yield by 49-54% as compared with the irrigation, except for Flip 97-99 (10% reduction
only). Seed yield was positively correlated with reproductive growth duration. The genotype DZ 10-11 had the high-
est reproductive growth duration and seed yield under irrigation. Late drought stress (non-irrigation) was detri-
mental to all genotypes. To maximize seed yield of chickpea, late-terminal drought stress should be avoided.

Key words: Late-drought, seed filling duration, seed dry weight, seed moisture content.

1. Introduction system sustainability and reduces the need for
nitrogen fertilization.

Chickpeas growing area and production in
Jordan are declining due to the low yield and
low income from chickpea cultivation (Haddad
and Snobar, 1990). The low yield is a result of

the existing chickpea cultivars, which have a low

Pulse grains are an essential part of the daily
diet for people in many developing countries
where a larger proportion of the population
cannot afford animal products (Mike, 1988).
Chickpea (Cicer arietinum L.) is the second

most important pulse crop in the world, grown
over 42 countries in South Asia, West Asia,
North Africa, East Africa, Southern Europe,
North and South America, Australia (Singh,
1997). Besides its role in reducing the gap in
protein nutrition of cereal-dominated diets in
developing countries, it provides high quality
feed for livestock. Moreover, as a legume, its
cultivation fits well in cereal-cereal or cereal-fal-
low rotation systems where it contributes to the

tolerance to soil water deficit usually.

Drought is one of the most important fac-
tors which limit the productivity of rainfed
chickpea in the Mediterranean environments of
West Asia and North Africa (Smith and Harris,
1981). Chickpeas yield losses due to inadequate
soil moisture availability, varies between 36 and
42% depending on geographic location and cli-
matic condition during the crop season (Saxena
et al., 1993).
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The type of drought stress, which affects
cool-season food legumes, including chickpeas
are: an intermittent drought stress caused by
breaks in winter rainfall, and terminal drought
stress, resulting from receding soil moisture. In
Jordan, terminal drought is more stressful than
the intermittent drought, due to the low and ir-
regular rainfall occurring during April and May,
which affect spring-sown chickpeas.

One mechanism of adaptation to late soil wa-
ter deficit adopted by plants is drought escape,
which consist in anticipating pod ripening before
the onset of the severe drought (Saxena et al.,
1993). Indeed, according to Farah et al. (1988),
flowering is the most sensitive stage of growing
season to drought stress in many pulses.

In the Mediterranean environment, the most
gain in yield and yield stability are likely to
come from tailoring crop duration to the limit
of available soil moisture in the growing season,
thus exploiting the drought escape trait. How-
ever, a negative correlation between days-to-
flowering and yield in rainfed chickpeas was
found (Saxena, 1987). Breeding for early flow-
ering types will lead, therefore, to cultivars with
short seed filling duration which, however, may
suffer a yield reduction in years when soil mois-
ture condition are above average. It is, there-
fore, important to investigate the possibility of
identifying chickpea genotypes early in flower-
ing but with a prolonged seed filling period as
well as a high rate of seed filling, that will al-
low yield stability and can escape the late sea-
son soil moisture stress.

The objective of this experiment was to eval-
uate seed dry weight accumulation, reproduc-
tive growth duration, and seed yield in five
chickpea genotypes, with the aim of identifying
those with a better capacity to produce, fill and
ripe the seeds under terminatal drought stress
conditions.

2. Materials and methods

Field experiment was conducted at the Experi-
ment Station of Jordan University of Science and
Technology (JUST), Irbid, Jordan in growing sea-
son 2003/2004. Five chickpea genotypes were
evaluated under late-terminal drought stress im-
posed from flowering to seed physiological ma-
turity (yellow pods).
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Three Kabuli and two Desi genotypes were
used for the experiment. The Kabuli genotypes
were: Flip 93-255, Flip 97-99 provided by the In-
ternational Center for Agricultural Research in
the Dry Areas (ICARDA), and Jubeiha 3, a re-
leased tall type variety in Jordan. The Desi
genotypes were: DZ 10-11 and DZ 10-92 re-
ceived from Ethiopia (Ethiopian Agricultural
Research Organization). The genotypes were
sown the 17" of December.

Before sowing, 100 kg ha' of diammonium
phosphate were distributed in field. Twenty
seeds of each cultivar were sown in 3 m lines
with 25-cm apart at a depth of 10 cm. Plants
were irrigated once a week (7 mm) to prevent
early drought stress. From the 11" of April 2004
onward, plants were exposed to two irrigated
regimes: 1) irrigation and 2) non-irrigated (ter-
minal drought stress). In irrigated treatment wa-
ter was distributed once a week (7 mm) until
pod ripening.

Maximum and minimum temperature, rela-
tive air humidity and rainfall were recorded dur-
ing the growing season 2003/2004 (Fig. 1). The
location is considered as a typical a semiarid
Mediterranean area with total annual rainfall of
195 mm in December, January, February, and
March whilst few rainy events occurred during
April and May. The highest maximum and min-
imum relative humidity were recorded during
December, 2003 to March, 2004. The lowest val-
ues of maximum and minimum temperature
were recorded during December, 2003, January
and February, 2004, then temperature increased
during March, April and May up to a maximum.

2.1 Seed dry weight, seed moisture content, and
reproductive growth duration

Flowers from 5 plants were tagged to study seed
development and seed filling rate and duration.
Ten pods from selected flowers were harvested
7, 14, 21, 28, 35 days after flowering and at the
end of the seed maturity period (56-77 days) af-
ter flowering. Seed moisture and dry weight
were measured at each harvest time to deter-
mine seed filling rate. Seed moisture was mea-
sured by weighing the seeds immediately after
harvest and after oven drying at 70°C for 24 h.
Percentage of seed moisture was calculated as
a difference between seed fresh weight and seed
dry weight divided by seed fresh weight (fresh
weight basis) according to ISTA Rules (1993).
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Figure 1. Maximum and minimum air temperature, air
relative humidity and rainfall during the growing season
2003/2004 at JUST.

Reproductive growth duration was determined
and defined as the period from flowering to
seed physiological maturity (the pods turned to
yellow).

2.2 Yield and yield components

At maturity, 5 plants were sampled randomly
and measured for seed yield, and yield compo-
nents. Yield components (number of seed, pod,
and weight per 100 seeds) are reported as num-
ber per plant.

2.3 Experimental design and statistical analysis

The experiment was conducted in a split-plot
experimental design with three replications as-
signing the irrigation treatment to the main plot
and the genotype to sub-plot. The main-plot
treatment was the irrigation and the sub-plot
treatments were the genotypes. Analysis of vari-
ance for the collected data was conducted using
the general linear model procedure of SAS
(SAS Institute, 1996). Fisher’s Least Significant
Difference (LSD) was used for mean compar-
isons among treatments, when the F-test was
significant (P = 0.05).

3. Results and discussion

3.1 Seed dry weight and moisture content

Seed dry weight and moisture content of five
chickpea genotypes grown under irrigation and
non-irrigation conditions during the reproduc-
tive stages (from flowering to seed maturity) are
shown in Figure 2. In general, seeds from plants
grown under non-irrigation treatment reached
their maximum dry weight earlier (4-21 days)
than those from plants grown under irrigation
treatment. This pattern of faster seed filling
growth rate under non-irrigation treatment was
most pronounced in the genotype DZ 10-11.
Seed moisture decreased as seed matured,
reaching minimum value earlier in seeds from
plants grown under non-irrigation treatment.
These results indicate that the seeds from the
plants grown under non-irrigation treatment
during seed filling accumulated the dry weight
at faster rate, and matured earlier than those
from plants grown under irrigation treatment.
Indeed, late drought stress has been demon-
strated to shorten the length of growing season
or to accelerate ripening in chickpea (Singh,
1991). Understanding the detailed pattern of
water use in relation to crop phenology and as-
similate partitioning into the seeds is required
to achieve maximum growth and yield in chick-
pea (Anwar et al., 2003).

3.2 Seed yield, yield components, and reproduc-
tive growth duration

Data of seed yield and yield components are
shown in Tables 1 and 2. The genotype x treat-
ment interaction was not significant for seed
number and seed dry weight, whereas the two
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Figure 2. Seed dry weight (SDW) and moisture content
(SMC) on a fresh weight basis for five chickpea geno-
types exposed to two irrigation treatments (from flow-
ering to seed physiological maturity): 1) Irrigation (IR);
2) non-irrigation (rainfed) (Non-IR) treatment. Bars in-
dicate the standard error of the mean.

experimental factors significantly interacted in
pod number, seed yield, and reproductive
growth duration. Plants grown under irrigation
treatment had significantly higher seed number
and seed dry weight than those grown under
non-irrigation treatment (Tab. 1). Among all
genotypes, DZ 10-11 had had the highest one
seed number. The genotype Flip 97-99 had the
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highest 100-seed weight, whereas the genotype
DZ 10-11 and DZ 10-92 had the lowest. There
was no significant difference in 100-seed weight
between Flip 93-255 and Jubeiha 3. A highly sig-
nificant (P < 0.001) interacting effects of irriga-
tion, sowing date and cultivar on water use ef-
ficiency and seed yield has been reported in
chickpea (Anwar et al., 2003).
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Table 1. Seed number and 100-seed weight of five chickpea
genotypes grown under two irrigation treatments during re-
productive growth stages (from flowering to seed physio-
logical maturity).

Seed Number  100-Seed Weight

10-11, DZ 10-92, and Jubeiha 3, respectively. Soil
water deficit during late ripening (non-irrigated
treatment) determined a seed yield decrease
ranging from 49 to 54% except in Flip 97-99,
where seed yield reduction was negligible

No. plant* mg seed! (10%). These results are in agreement with lit-

Treatments erature, which reports yield increase of 65%
Irrigation 200at 23.9a (Oweis et al., 2004) and 10% (Zhang et al.,
Non-irrigation 1250 2170 2000) in chickpea under full supplementary ir-
Genotypes rigation, as compared to that under rainfed con-
Flip 93-255 135b 26.4b ditions. However, the 2/3 supplementary irriga-
Flip 97-99 106b 32.7a tion level has been demonstrated to make op-
g% }8;; i’ggi }ggz timum the water use efficiency (Oweis et al.,
Jubeiha 3 123b 277b 2004). Moreover, a limited supplemental irriga-
tion has been found to increase and stabilize the

Treatments (T) s * productivity of spring-sown chickpea (Soltani et
?ingypes (©) *:S* *I: al., 2001). Indeed, a significant correlation (P <

+ Values within the same column for treatments or cultivars fol-
lowed by the same letter are not significantly different accord-
ing to LSD (P = 0.05).

*+% Significant at P = 0.001; ns: not significant.

In all genotypes, plants grown under non-ir-
rigation treatment had lower pod number, seed
yield, and reproductive growth duration, but the
magnitude of this reduction varied with geno-
types (Tab. 2). In particular, under rainfed con-
ditions (non-irrigated treatment) plant pro-
duced the 56, 20, 40, 39, and 43% less pods than
those irrigated, in Flip 93-255, Flip 97-99, DZ

0.001) between water use and seed yield of
chickpea (R?>= 0.75) (Anwar et al., 2003) has
been observed. In the present study, the repro-
ductive growth duration was greatly reduced (21
and 12 days) under rainfed conditions in geno-
types DZ 10-11 and DZ 10-92, respectively; it
was less affected (by approximately 15%) in re-
maining genotypes.

The genotype DZ 10-11 produced the high-
est pod number and seed yield, and the longest
reproductive growth duration when irrigated;
conversely genotypes Flip 97-99 and DZ 10-92
produced the lowest pod number and seed
yield. Under non-irrigation conditions, DZ 10-

Table 2. Pod number, seed yield, and reproductive growth duration of five chickpea genotypes grown under two irrigation
treatments during reproductive growth stages (from flowering to seed maturity).

Treatments Pod Number Seed Yield Reproductive Growth Duration
IR Non-IR IR Non-IR IR Non-IR

No.plant™ g plant?! Days

Genotypes

Flip 93-255 156bT A+ 100bB 49.1bA 25.1aB 40cA 35dB

Flip 97-99 108cdA 86bB 36.1cA 32.6aB 48bA 41bB

Dz 10-11 318aA 190aB 65.6aA 29.7aB 59aA 38cB

DZ 10-92 124bcA 76bB 23.0dA 10.9bB 48bA 36cB

Jubeiha 3 151bA 86bB 45.6bcA 23.0aB 49bA 45aB

Treatments (T) otk ok .

Genotypes (G) sk ks ek

T*G * # otk

+ Values within the same column for cultivars followed by the same small letters are not significantly different according to LSD

(P = 0.05).

i Values within the same row for treatments followed by the same capital letters are not significantly different according to LSD

(P = 0.05).

* #*% Significant at P = 0.05 and 0.001, respectively; ns: not significant.
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Figure 3. Relationship between reproductive growth dura-
tion and seed yield of chickpea.

92 produced less than the other genotypes. Flip
93-255, Flip 97-99, DZ 10-11 and Jubeiha 3 did
not significantly differ in seed yield, although
DZ 10-11 produced a higher number of pods.
Among genotypes, Flip 93-255 was the earliest
under both experimental conditions.

Although previous studies have shown an in-
crease in productivity of chickpea by supple-
mentary irrigation supplied throughout the
growing season (Oweis et al., 2004; Zhang et al.,
2000; Anwar et al., 2003), few studies have re-
lated seed yield of chickpea under late-drought
stress with plant reproductive growth duration.
In the present study, a positive relationship be-
tween reproductive growth duration and seed
yield was observed (Fig. 3). Previous works have
demonstrated how winter-sown chickpea is less
likely to face drought during flowering and
grain filling than spring-sown chickpea because
the earlier crop growth of winter-sown chickpea
results in a higher leaf area and plant growth so
allowing earlier maturity and escape from the
later drought (Oweis et al., 2004). Some re-
searchers (Jadhav et al., 1997) suggested that the
most sensitive growth stage of chickpea to
drought is flowering, while some others (Ravi
et al., 1998; Reddy and Ahlawat, 1998) demon-
strated that the seed filling is the critical time
for irrigation. Chickpea yield is reported to be
more responsive to irrigation when plants are
irrigated at flowering and pod filling (Malhotra
et al., 1997). In the present study, late-drought
stress (rainfed) was very detrimental to seed
yield and yield components and supplementary
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irrigation increased grain yield and yield per
plant by extending the reproductive growth du-
ration.

4. Conclusion

Seeds from plants grown under non-irrigation
(rainfed) treatment reached their maximum dry
weight and minimum seed moisture content ear-
lier than those from plants grown under irriga-
tion treatment, indicating a shortening in the re-
productive growth duration and a faster matu-
rity under rainfed conditions. The reduction in
seed yield due to late water stress ranged from
49-54% except in Flip 97-99 whose yield was the
10% reduced under dry conditions. Seed yield
was positively correlated with the reproductive
growth duration. The genotype DZ 10-11 had
the longest reproductive growth and highest
seed yield wunder irrigation. Late-terminal
drought stress (non-irrigation) was detrimental
to all genotypes. Therefore, to maximize seed
yield of chickpea, late-terminal drought stress
should be avoided.
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