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Abstract

Introduction

Water resources limitation and plant stress due to water shortage is one of the important and
common environmental stresses in agricultural production, including forage production in hot
and dry areas. Therefore, the selection and development of drought-tolerant cultivars are very
important. In irrigated lands of Iran, the average of irrigation efficiency is 37% and water
productivity is 0.8 kg per cubic meters, which is lower than the world average. For increasing
water efficiency, maintaining the production capacity and creating sustainable agriculture, it is
necessary to identify the effective factors on the reduction of irrigation water productivity and
provide an appropriate solution. In arid regions such as Khuzestan province, by using both a
proper irrigation program and irrigation levels below the water requirement, obtaining an
acceptable yield of alfalfa could be expected. In order to achieve these objectives, determination of
the irrigation water productivity of tropical alfalfa cultivars and their drought tolerance under
different irrigation regimes were the main aims of this study.
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Materials and Methods

For evaluating tropical alfalfa genotypes under different drought stresses, an experiment was
carried out based on split plots design with three replications in Safiabad Agricultural Research
Center, Dezful, Iran, during 2019-2020. The main factor was four levels of irrigation (25, 50, 75
and 100% of water requirement) and the second factor was five alfalfa cultivars (Baghdadi,
Nikshahri, Yazdi, Mesasirsa, and Omid). In this experiments, plant characteristics including dry
and wet forage yield, percentage of dry forage, leaf to stem weight ratio, chlorophyll index
(SPAD), electrolyte leakage from the leaf cell membrane (EL), relative leaf water content (RWC),
and Maximum quantum yield in the dark-adapted conditions (PPSII) were determined.

Results and Discussion

The results revealed that by applying drought stress, wet and dry forage yields, RWC, and ®PS11
decreased but the percentage of dry forage, leaf to stem weight ratio, EL, and SPAD increased.
Among the studied genotypes, the Baghdadi genotype had the highest dry forage yield in all
situations; non-stress conditions (16.9 t/ha), mild drought stress (15.094 t/ha), moderate drought
stress (9.58 t/ha) and severe drought stress (4.664 t/ha). The Yazdi genotype had the lowest dry
forage yield; 9.9, 9.7, 5.7 and 3.6 t/ha for non-stress, mild, moderate, and severe drought stresses
conditions, respectively. In our experiment, the Baghdadi genotype showed a high-stress
tolerance index (STI) and we highly recommend planting it in the north of Khuzestan province,
but the Yazdi alfalfa genotype despite low dry forage yield under both non-stress and drought
stress conditions is not recommended due to low production. We suggest using Yazdi genotype
in eugenic plans due to high yield stability index (YSI) under drought stress conditions and
having some favorable physiological and photosynthetic parameters associated with drought
stress tolerance.

Conclusion

In this study, Baghdadi alfalfa cultivar was identified as a desirable cultivar in tropical regions of
Iran such as Khuzestan. Yazdi alfalfa cultivar had favorable physiological and photosynthetic
components. Thus, it can be used as a favorable parent in breeding programs such as synthetic
alfalfa production (through the transfer of genes associated with drought stress tolerance).
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Table 1. Average physical and chemical properties of experimental farm soil

Depth of soil SOC EC GWC (% . Bulk densi
"o o @sm M hweFC Soiltexture o
0-30 0.75 1.2 7.4 12 22 Silty clay loam 1.61
30-60 0.5 1.1 7.3 12 22 Silty clay loam 1.68
60-90 0.47 0.8 7.4 12 22 Silty clay loam 1.7

SOC: Soil organic carbon EC: Electrical conductivity GWC: Gravimetric water content PWP: Permanent wilting point FC: Field capacity.
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Table 2. Climatic indeces and irrigation depth (mm) of Dezful during irrigation treatment in alfalfa

Water requirement supply (%)

Mean temperature

25 50 75 100

N Acumulative Eva. (mm
() (mm)

643 989 1396 1744

35.1 1787
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Table 3. Analysis of variance (mean squares) of photosynthetic parameters and yield of alfalfa cultivars

5} S s o

¥, E. 8P 3E 2 Q . =
S.OV. df ..g ) % S % § % £ ) g o &

[a) II &9 o o =
Replication 2 6.53® 106.69™ 0.018™ 0.005™ 0.637™  3.835™ 15.4™ 0.021™
Irrigation regime (A) 3 273.77 5084.28™ 39.440™ 0.106™ 113.181™ 813.784™ 11178.2™ 0.333™
Error 6 554 87.80 0.068 0.002  6.939 1.359 23.99 0.0002
Cultivar (B) 4 32.64™ 490.72" 0.735™ 0.002 23.171™ 280.187™ 355.67 0.011™
AxB 12 297" 52.55" 0.398™ 0.003™ 4.920™ 17.471"  42.3™ 0.002™
Erorr 32 1.16 19.76 0.495 0.004  3.842 10.574 8.079 0.001
C.V. (%) 1172 12.32 2.76 4.63 3.21 4.16 5.19 2.32

ns, * and ** no significant differences, significant at the 5 and 1% probability level, respectively.

Table 4. Mean comparison levels of irrigation regime for photosynthetic parameters, yield and yield

components in alfalfa cultivars

Irrigation regime Percentage of dry forage  leaf to stem weight ratio SPAD RWC (%)
100% water requirement 24,064 1.207¢ 57.536° 86.97
75% water requirement 24.72° 1.289° 60.148° 80.7°
50% water requirement 25.240 1.3892 63.0462 75.0°¢
25% water requirement 27.778 1.3742 63.3932 69.8¢

Similar letters within columns indicate insignificant differences according to the Duncan’s Multiple Range Test (p < 0.05).
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Table 5. Mean comparison levels of alfalfa cultivars for photosynthetic parameters, yield and yield

components in alfalfa cultivars

Cultivar Percentage of dry forage leaf to stem weight ratio SPAD RWC (%)
Baghdadi 25,5582 1.3152 61.146° 85.82
Nikshahri 25.8082 1.2922 63.3092 73.4°
Yazdi 25,2258 1.3222 59.791° 79.6"
Mesasirsa 25.4232 1.3222 60.850° 75.8¢
Omid 25,2182 1.3232 60.057" 76.0°

Similar letters within columns indicate insignificant differences according to the Duncan’s Multiple Range Test (p < 0.05).

Table 6. Mean comparison interaction effects of irrigation regime and cultivar for photosynthetic
parameters, yield and yield components in alfalfa cultivars

Dry forage yield Fresh forage yield EL

Irrigation regime Cultivar (t/ha) (t/ha) (1 mho/cm) ®PSII
Baghdadi 16.9482 67.9362 28.3™ 0.870%®
100% water Nikshahri 13.658 55.712%¢ 32.0Km 0.843bc
requirement Yazc_jl 9.878¢ 40.036° 26.7" 0.9152
Mesasirsa 12.028¢ 49.670% 31.3mn 0.877%®
Omid 12.912° 54,3400 30.7'm 0.853%¢
Baghdadi 15.094° 59.720° 34,3 0.799«

75% water Nikshahri 12.806° 50.364°d 38.61 0.756¢
requirement Yazqil 9.756¢ 39.010f 33.35_'”‘ 0.766¢
Mesasirsa 11.696° 47.066% 37.0ik 0.751¢

Omid 11.928° 47.310% 40.0' 0.757¢
Baghdadi 9.558¢ 38.108f 57.79 0.577%
50% water Nikshahri 8.840¢ 33.752f 72.3¢ 0.561%
requirement Yazdi 5.678¢ 21.5289" 50.0" 0.673¢°
Mesasirsa 6.286° 23.8369 64.3¢ 0.566
Omid 6.178° 23.5069 70.3¢ 0.5459"
Baghdadi 4.664°f 15,7129 86.0°¢ 0.5569"

250 water Nikshahri 4.288° 14.444?i 94,3 0.501"
requirement Yazdi 3.592f 12.692' 78.3¢ 0.619°
Mesasirsa 3.278f 11.006 90.7%¢ 0.593¢
Omid 4.324° 15.868" 99.02 0.5419"

Similar letters within columns indicate insignificant differences according to the Duncan’s Multiple Range Test (p < 0.05).
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Table 7. Mean dry forage yield, STI index and YSI index of alfalfa cultivars under different levels of drought

stress
Cultivar Without drought stress ~ Mild drought stress Moderate drought stress Severe drought stress
GY GY STI YSI GY STI YSI GY STI YSI
Baghdadi 16.9 151 195 089 956 1238 056 466 6.04 0.27
Nikshahri 13.6 128 134 094 884 923 065 429 448 031
Yazdi 9.9 9.7 7.4 099 568 428 057 359 271 0.36
Mesasirsa 12.0 117 107 097 6.27 578 052 328 301 0.27
Omid 12.9 119 118 092 6.18 6.1 048 432 427 0.33

GY: dry forage yield (t/ha), STI: stress tolerance index, YSI: yield stability index.
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