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Abstract
Two chickpea varieties viz., 90122 and 93081 were subjected to Rhizobium inoculation with BioPower under water stress
conditions, imposed by withholding water. Stress reduced all the parameters including yield components and this effect was
more pronounced by stress at reproductive stage as compared with vegetative stage. Rhizobium inoculation enhanced yield
under both normal and stressed conditions, but its performance was better under normal than under stress. Rhizobium
inoculation proved ineffective to recover loss caused by water stress. The two varieties exhibited statistically non-significant
differences.
treatment comprised of nine repeats. Following treatment
schedule was adopted to apply different water stress
treatments imposed by withholding water till incipient
wilting at different stages of crop growth.

Introduction
Chickpea (Cicer arietinum L.) is the third most widely
grown grain legume in the world (Anonymous, 1997). Being
the cheapest and rich source of vegetable protein, fiber,
carbohydrates and mineral matter it makes up the deficiency
of cereal diets (Smartt, 1976).
In Pakistan chickpea crop is mostly grown in rainfed areas
inhabited by low income people who cannot afford the
use of costly chemical fertilizers. Biofertilizers like
BioPower are proving good alternative for chemical fertilizers
(Papastylianou, 1993). The micro-organisms like Rhizobium
incorporated in the biofertilizers help in replenishing the soil
fertility. Rhizobium inoculation in chickpea can increase seed
yield upto 15 percent and improves nodulation, plant
biomass and N content (Thukral and Mishra, 1993).
Water stress has significant reducing effect on number of
leaves, fresh weight, number of nodules and seed yield
(Akhtar et al., 1997). The rainfed regions of Pakistan,
sometimes undergo long dry periods and crops including
chickpea have to face water stress cycles at various stages
which adversely affects the plant growth. In such a
situation Rhizobium inoculation may provide some relief to
the plants. Keeping this probability, the present study was
undertaken to investigate the role of Rhizobium inoculation
in chickpea grown under water stress conditions.

T1 = Without BioPower (R0)+normal irrigation (S0)
(control)
T2 = Without BioPower (R0)+stress cycle at vegetation
stage (S1)
T3 = Without BioPower (R0)+stress cycle at reproduct
stage (S2)
T4 = With BioPower (R1)+normal irrigation (S0)
T5 = With BioPower (R1)+stress at vegetative stage (S1)
T6 = With BioPower (R1)+stress at reproductive st (S2)
Data about various morphological and yield parameter were
noted at the maturity of crop and subjected statistical
analysis using analysis of variance technique while
Duncan's New Multiple range test was applied compare
means (Steel and Torrie, 1980).

Results and Discussion
Water stress treatments showed a decreasing trend in
various parameters as compared with normal irrigation
(Table 1). As a result reduction was encountered for all the
vegetative and yield parameters. Water stress imposed
reproductive stage most adversely affected plant dry weight
and yield parameters while stress imposed at vegetative'
stage moderately affected all these parameters. A striking
difference was noted regarding number of pods set and
seeds formed by plants stressed at two stages. During
reproductive phase the stress was imposed at the start of
flowering and continued through pod initiation to seed
formation stage. Therefore, the number of pods produced
and number of seeds initiated were markedly affected as
compared with vegetative stage stress, which covered
mainly the growth period before bloom of reproductive
phase. In both cases plants got relieved from stress during
the maturation of seeds. As such the difference in weight
of seeds in both stress stages and control was not
pronounced.

Materials and Methods
This study was conducted during winter 1997-98 in the
Botanical Garden, University of Agriculture, Faisalabad to
evaluate the effect of Rhizobium inoculation under water
stress conditions on the growth and yield of two chickpea
(Cicer arietinum L.) varieties i.e., 90122(V1) and 93081(V2).
It was carried out in pots in a Completely Randomized
design (CRD).
Chickpea seeds of both varieties were divided into two lots;
one lot was treated with BioPower. Then seeds of each
normal and inoculated seed lot were sown in their
respective pots. After complete germination thinning was
practiced to maintain three plants in each pot. Each
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Table 1: Interactive effect of Rhizobium inoculation and water stress in chickpea
With Rhizobium (R1)
Without Rhizobium (R0)
-------------------------------------------------------------------------------------------------------------------S0
S1
S2
S0
S1
S2
Plant height (cm)
45.40
39.20
34.10
48.70
39.60
34.30
No. of branches/plant
4.90bc
3.30d
4.30c
6.70a
3.50d
5.20b
Plant dry weight (g)
2.30b
1.81d
1.40c
2.99a
1.70cd
1.63cd
No. of pods/plant
4.70
4.20
2.50
6.00
4.80
3.00
No. of seeds/pod
1.60
1.40
1.30
1.70
1.50
1.30
100-seed weight (g)
17.68
16.54
15.18
17.03
16.08
14.85
Seed yield/plant (g)
1.21
0.88
0.51
1.40
1.06
0.64
S0 = Normal irrigation; S1 = Stress at vegetative stage; S2 = Stress at reproductive stage
Table 2: Response of two chickpea varieties to Rhizobium inoculation and water stress
V2
Parameters
V1
-------------------------------------------------------------------------------------------------------------------------------Ro
R1
S0
S1
S2
Ro
R1
S0
S1
S2
Plant height (cm)
40.50b 38.40c
48.2a
38.4be 31.8d
38.6c
43.3a
45.9a
40.4b
36.6c
No. of branches/ plant
4.30b
4.10b
5.1
4.3
3.2
4.0b
6.2a
6.5
5.2
3.6
Plant dry weight (g)
1.91b
1.61c
2.35
1.63
1.31
17.6bc
2.60a
2.94
1.88
1.73
No. of pods/ plant
3.00
4.20
4.5
3.8
2.5
4.6
5.0
6.2
5.2
3.0
No. of seeds/pod
1.40
1.50
1.7
1.4
1.3
1.3
1.4
1.5
1.3
1.4
100-seed weight (g)
17.54
16.54
17.83
17.07
16.21
15.40
15.44
16.88
15.55
13.83
Seed yield/ plant (g)
0.78
0.91
1.09
0.91
0.54
0.96
1.15
1.52
1.03
0.61

stressed
at reproductive
stage
greatly reduced
morphological and yield-related parameters than plants
stressed at vegetative stage.
Both varieties were negatively affected by water stress
(Table 2). Highest values for various parameters were
recorded in normal irrigation and the lowest related to stress
at reproductive stage. Reduction in seed yield during
reproductive stage stress in variety 90122 (V1) was
16.51 percent while that of variety 93081(V2) was
32.23 percent which indicates that V1, tolerated stress
better than V2. Varieties exhibited very small differences in
their response to Rhizobium (Table 2). Variety 93081 (V2)
slightly excelled variety 90122(V1) for the inoculation
results, by producing 16.52 percent more seed yield than its
non-inoculated control as against 14.28 percent in the latter
variety. These results support the view that effectiveness of
inoculation mainly depends on proper and efficient
Rhizobium strain for each cultivar of a crop (Badr-El-Din and
Moawad, 1991).

Reduction in yield components consequently decreased final
seed yield; thus stress at reproductive stage (S2) showed
54.28 percent reduction, while stress at vegetative stage
indicated 24.28 percent reduction from normal irrigated
plants (S0). These results agree with previous studies as
Kpoghomou et al. (1990), reported that in soybean stress
imposed at flowering stage reduced the number of
pods/plant, seeds/pod and 100-seed weight more than that
given at vegetative stage. It is a fact that stress at various
stages of growth produces different results; stress during
reproductive phase proves more detrimental than that at
vegetative phase. Flowering and seed formation stages are
the most critical ones in the life of a plant as yield
components are directly related with these phases of plant
growth (Plies-Balzer et al.,1995). In Rhizobium inoculated
plants an enhancement was corded in all parameters except
100-seed weight over control plants. Rhizobium inoculation
with BioPower proved economically better because it
produced 13.57 percent greater seed yield than plants not
treated with BioPower. Similar results have been reported
by Rajput (1994). Rhizobium inoculation under both normal
irrigation and water stress conditions performed better
than non-inoculated plants in all parameters except
100-seed weight. However, Rhizobium inoculation under
normal irrigation conditions exhibited better performance
than that under stress conditions. This may be
attributed to the fact that water stress decreased
N-fixation and plant growth (Salama Sinclair, 1994).
However, under water stress condition also inoculation
performed better than control confirming various
studies (Simon et al., 1992). Rhizobium inoculated plants
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