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Abstract

Introduction

Chickpea (Cicer arietinum L.) is an important grain legume cultivated in arid and semi-arid regions
worldwide. Water deficit, particularly terminal drought stress, is one of the primary factors limiting
chickpea productivity and grain yield. Supplemental irrigation can alleviate drought stress during
critical growth and developmental stages, thereby enhancing crop yield. Irrigation applied at
sensitive stages such as flowering, pod formation, and grain filling has been shown to improve
yield and its components. Therefore, the present study aimed to evaluate the effects of supplemental
irrigation on grain yield and water-use efficiency of different chickpea genotypes and to identify
the most promising genotype under the studied conditions.

Materials and Methods

This study was conducted as a split-plot experiment based on a randomized complete block design
with four replications at the research farm of the Faculty of Agriculture, University of Zanjan, Iran,
during the 2020 growing season. The main plots consisted of three irrigation regimes: full
irrigation, supplemental irrigation, and rainfed conditions. The subplots included four chickpea
genotypes: Azkan, Mansour, Adel, and Saeed. In the supplemental irrigation treatment, water was
applied at two critical growth stages, namely flowering initiation and pod formation. At the end of
the growing season, several agronomic traits were evaluated, including plant height, number of
secondary branches, number of seeds per plant, hundred-seed weight, biological yield, grain yield,
harvest index, grain and biological water-use efficiency, and irrigation water-use efficiency.

Results and Discussion

The highest number of seeds per plant was recorded under full irrigation and supplemental
irrigation treatments. Among the studied genotypes, Azkan produced the greatest number of seeds
per plant, whereas Saeed produced the fewest. The highest 100-seed weight was obtained under
full irrigation, with significant reductions observed under supplemental irrigation and rainfed
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conditions. The decline in seed weight under drought stress may be attributed to reduced cell
division, lower photosynthetic activity, and decreased activity of enzymes involved in the synthesis
of seed storage compounds. Biological yield decreased under supplemental irrigation and rainfed
conditions compared with full irrigation. This reduction can be explained by the decline in source
strength resulting from limited soil moisture availability. Analysis of the irrigation x genotype
interaction for grain yield revealed a substantial reduction in grain yield for all genotypes under
rainfed conditions relative to full irrigation. Compared with full irrigation, the Azkan and Adel
genotypes exhibited greater yield reductions under supplemental irrigation. Drought stress
adversely affected grain yield by restricting leaf growth and development, reducing photosynthetic
activity and source strength, and decreasing the number of flowers, pollination success, and fertile
pods. In addition, drought reduced the accumulation of assimilates in developing seeds, thereby
diminishing sink strength and ultimately lowering grain yield. Nevertheless, supplemental
irrigation significantly increased grain yield compared with rainfed conditions. The interaction
effect of irrigation regime and genotype on grain water use efficiency indicated that the highest
water use efficiency was achieved by the Mansour genotype under supplemental irrigation,
whereas the lowest water-use efficiency was observed under rainfed conditions. Grain water use
efficiency increased under supplemental irrigation in all genotypes; however, the magnitude of
improvement differed among them. Mansour and Saeed showed the greatest increases in grain
water use efficiency. Irrigation water use efficiency for grain yield also improved under
supplemental irrigation across all genotypes. Among the evaluated genotypes, Mansour exhibited
the highest irrigation water use efficiency, while Adel showed the lowest under supplemental
irrigation conditions.

Conclusion

Supplemental irrigation applied at the flowering and podding stages significantly increased grain
yield and water use efficiency compared with rainfed conditions. Moreover, supplemental
irrigation proved to be more effective than both rainfed and full irrigation in terms of optimizing
crop productivity and water use efficiency. Among the genotypes, Mansour exhibited the highest
grain yield and water use efficiency under both full and supplemental irrigation regimes. Therefore,
this genotype can be recommended for cultivation in the Zanjan region, particularly under
conditions where efficient water management is a priority.
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Table 1. Climatic characteristics of the experimental site during the 2020 growing season

Total precipitation (mm)
Average minimum temperature(C°)
Average maximum temperature(C°)

Average temperature(C®)

April May June July
63.1 26.0 9.9 15.2
4.12 9.45 11.71 15.63
16.14 25.40 31.13 31.41
10.1 17.4 214 235

b3l Jomo S alond 9 (K38 S TR T Jou
Table 2. Physical and chemical properties of the experimental soil

Electrical

Silt Clay Sand N P K H conductivit Organic
@) ) () (%)  (mgkgd)  (mgkg) P (s Y matter (%)
33 29 38 0.21 21.3 173.2 7.4 1.24 0.46
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Table 3. Analysis of variance for different traits in various chickpea cultivars under different irrigation regimes

SO.V df Plant height Nbﬁg]k;iregf Ses:rr;:;kt)er 1\?\/2};%‘1(1 Biological yield Seed yield ﬂig@st WUEsy WUEby
Block 3 15.83** 0.936"¢ 13.29"s 0.94"s 573368 "¢ 79205"s 23.87"* 0.045"s 0.136"¢
Moisture regimes (M) 2 459%* 110.1** 527.4** 477.1* 76749375** 7418009** 15.13" 4.731** 56.75**
E (a) 6 0.701 0.443 8.9 111 134201 45695 33.67 0.007 0.0349
Cultivar (C) 3 52.22** 9.188** 132** 134.17** 2503576** 631831** 81.67" 0.355** 1.06*
M x C 6 15.59** 1.12"s 8.65"¢ 5.08"s 54576"* 156036* 24.98" 0.154* 0.466 "
E (b) 9 3.69 1.06 15.26 4.437 274699 55289 56.69 0.047 0.025
C.V% - 5.46 20.97 24.77 5.76 16.22 23.34 24.66 30.92 21.44

L3 6K 5 gy el 03 e s 4 T SF I sme 2 NS
ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
6l 5 Shas ST s s 1,8 :WUESY
WUEsy: Water use efficiency of seed yield
58 g 3 Shas OT o e 21,8 :\WUEDyY
WUEDby: Water use efficiency of biological yield
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Table 4. Mean comparison of chickpea traits for the main effects of irrigation regimes, and cultivars

Treatment Plant height  Number of  Seed number 100-seed Biological Seed yield Harvest WUEsy WUEby
(cm) branches per plant weight yield (kg ha't) index (kg m3) (kg m3)
(9 (kg ha't)

Moisture regimes
Full 38.75° 6.78° 19.91¢ 40.642 46872 1498 31.6° 0.264° 0.827°
Supplementary 37.81° 6.08° 19.17¢ 38.70° 4293° 1293° 29.7° 0.490° 1.629°
Rainfed 29.09¢ 1.93¢ 9.21° 30.36° 712¢ 230°¢ 30.32 0.139°¢ 0.430°¢
Cultivar
Azkan 37.462 5.982 18.82° 37.74" 3500 1076 30? 0.314° 1.035¢
Mansoor 36.472 4.50% 13.49° 40.742 36562 1269° 34.32 0.215°¢ 0.778"
Adel 33.70° 5.26% 18.38° 33.46° 2627° 719°¢ 28.6° 0.3742 1.085¢
Saied 33.18" 3.98¢ 12.35° 34.31°¢ 3141° 965° 29.1° 0.288° 0.9492

I 13 e gl Aoy gy el 53 alie 3 11 (s SSLs
Means followed by the same letters in each column at 5% probability level did not differ significantly
613 5 Shas OT s ze 01,8 :WUESY
WUEsy: Water use efficiency of seed yield
&S5 P50 5,5 OT U e o),8 \WUEDY
WUEDby: Water use efficiency of biological yield
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Figure 1. Mean comparison of plant height under different irrigation regimes in chickpea cultivars. Columns with at
least one similar letter are not significant different based on Duncan's multiple range test at the 5% level.
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Table 5. Correlation coefficients between traits of studied chickpea cultivars under different irrigation regimes

Plant Number of Seed number 100-seed Biological Seed yield Harvest WUE
height branches per plant weight yield index ¥

Number of branches 0.809™

Seed number per plant 0.623™ 0.828™

100-seed weight 0.831™ 0.710™ 0.551™

Biological yield 0.900™ 0.849™ 0.667™ 0.857™

Seed yield 0.873™ 0.743™ 0.573™ 0.845™ 0.857™

Harvest index 0.128"™ -0.018"™ -0.085"™ 0.179"* 0.162 ™ 0.316™

WUE,, 0.658™ 0.485™ 0.331™ 0.599™ 0.718™ 0.736™ 0.308™

WUE,, 0.659™ 0.560™ 0.408™ 0.580™ 0.722™ 0.675™ 0.117m 0.962™

I 13 e g Aoy gy ek 3 i o 61l (sla Sl
Means followed by the same letters in each column at 5% probability level did not differ significantly
615 5 Shes OT O e 21,8 :WUESY
WUEsy: Water use efficiency of seed yield
5w 3 Shes OT s s 21,8 :\WUEDy
WUEDby: Water use efficiency of biological yield
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Figure 2. Mean comparison of seed yield under different irrigation regimes in chickpea cultivars. Columns with
at least one similar letter are not significant different based on Duncan's multiple range test at the 5% level.
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Figure 3. Mean comparison of water use efficiency under different irrigation regimes in chickpea cultivars.
Columns with at least one similar letter are not significant different based on Duncan’s multiple range test at
the 5% level.
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Figure 4- Mean comparison of irrigation water use efficiency under different irrigation regimes in chickpea

cultivars. Columns with at least one similar letter are not significant different based on Duncan's multiple range
test at the 5% level.
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