Journal of Water and Soil
https://jsw.um.ac.ir s

Research Article
Ev Vol. 36, No. 6, Feb.-Mar., 2023, p. 677-693

Evaluating the Effect of Combined Water and Salinity Stresses in Estimating the
Fodder Maize Biological Yield through Periodic Evaporation and Transpiration

F. Zargar Yaghoubi! , M. Sarai Tabrizi *'* , A. Mohammadi Torkashvand®, M. Esfandiari‘, H. Ramezani

Etedali’
Received: 23-07-2022 How to cite this article:
Revised: 01-11-2022 Zargar Yaghoubi, F., Sarai Tabrizi, M., Mohammadi Torkashvand, A.,
Accepted: 30-11-2022 Esfandiari, M., & Ramezani Etedali, H. (2023). Evaluating the Effect of

Available Online: 27-02-2023 Combined Water and Salinity Stresses in Estimating the Fodder Maize
Biological Yield through Periodic Evaporation and Transpiration. Journal
of Water and Soil 36(6): 677-693. (In Persian with English abstract)

DOI: 10.22067/jsw.2022.77735.1183

Introduction

The rise in water demand and reduction of water quality and soil in irrigating areas, especially in dry and
semi-arid areas of the world, have turned into one of the most crucial challenges for water and soil engineering
in recent years. This issue leads us toward optimal quantitative and qualitative management of these valuable
resources aimed at achieving economic performance and water productivity. The periodic evaporation and
transpiration of the plant in the conditions of simultaneous water and salinity stress are known as one of the most
important factors in the qualitative and quantitative growth of the plant yield. Applying mathematical models
that simulate the relationship between field variables and yield can be seen as a useful tool in water and soil
management issues in such a situation, which has the potential to ensure optimal use of the water and soil
resources of any country by providing the plant's water needs and preventing its further loss.

Materials and Methods

A factorial experiment was performed in 2019 based on completely randomized blocks design with three
replications in plots with an area of 9 square meters at the agricultural and animal husbandry farm of Aliabad
Fashafuyeh, located in Qom province to examine the simultaneous effect of different levels of water stress and
salinity on the periodic evaporation-transpiration and fresh yield of the single cross 704 forage corn cultivar. The
applied treatments included the irrigation water salinity at three electrical conductivity levels of 1.8 (So), 5.2 (S1),
and 8.6 (S2) deci Siemens/meter (dS/m), which were prepared by mixing saline well water of the region with
fresh (drinking) water and three water stress levels of 100% (Wo), 75% (W1), and 50% (W) of the plant's water
requirement. The depth of soil moisture in the corn plant root zone was measured by the TDR device at five
depths of 7.5, 12, 20, 40, and 60 cm during different growth stages of the plant using pairs of 7.5, 12, and 20 cm
stainless steel electrodes.

Results and Discussion

The simultaneous water and salinity stresses, which led to the reduced amount of periodic evaporation-
transpiration of the yield compared to ideal conditions (without stress), were simulated by additive and
multiplicative models. The results suggested a decrease in the evaporation and transpiration with the increased
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simultaneous water and salinity stresses so that the amount of total evaporation-transpiration in different
treatments was measured to be between 692.7 and 344.9 mm and the fresh yield was estimated between 50.4 and
3.2 tons per hectare. Also, the highest amount of periodic evaporation and transpiration in all treatments was
found to occur in the development and intermediate stages, and the relative fresh yield in the WS to W,S;
treatments was calculated between 66% and 100%. The results of modeling the relative yield of the crop based
on the amounts of relative evaporation and transpiration of corn in different growth stages and under the
different treatments of water stress and salinity, indicated that Singh's additive model and Rao's multiplicative
model were appropriate, while the Minhas model was recognized to be inappropriate in this estimation.
Conclusion

The research results suggested the significant impact of water stress and salinity at least at the 95% level on
evaporation and transpiration and the corn yield. Moreover, the effect of the sensitivity of different growth stages
of the plant on the reduction of evaporation and transpiration of corn varies so that in the three treatment groups
W, W1, and Wy, the highest average decrease in slope was related to the final stage (13.6%) followed by the
middle stage with an average decrease of 8.4% compared to the control treatment. Therefore, the highest
decrease rate in evaporation-transpiration slope has been observed in these two growth stages due to the
beginning of flowering, fruit formation, and physiological ripening of seeds. These results come from the lack of
sufficient water storage and increased salinity of irrigation water in the soil. Water stresses and salinity will
reduce water absorption and evaporation-transpiration, and ultimately, reduce crop production due to the
decreased amount and potential of water in the soil. Another finding to be mentioned is the priority of water
stress compared to salinity stress in reducing evaporation and transpiration and production yield. Also, by
managing water and salinity stresses in the critical stages of plant growth (especially the middle stage), which is
the time of flowering and the beginning and completion of the maize production process, a significant reduction
in the crop can be somewhat prevented.

Keywords: Experimental models, Relative evaporation-transpiration, Relative performance, Simultaneous
stress, TDR
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Table 1- Some physicochemical properties of the soil at experiment site
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20-40 7.96 7.88 12.35 0.58 582.0 5.38 181.37 28.5 151 Loam
40-60 8.42 794 1311 0.53 561.2 4.93 168.02 35.6 18.4 Clay loam
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Table 2- Analysis of variance of water, salinity and their simultaneity stresses on the studied traits (2020)
Sl o (b
Mean squares
Ol yets e bl ey By 9 45 Fo8des
SDV D¢ Evaporation and transpiration (mm) Wet yield (ton.hec?)
ol dl> ye dngi dl>yo Sledsyp Sbhabye
Initial stage Development stage Middle stage  Final stage
S5k 2 13.81" 1.06"s 19.61™ 2.20Ms 0.47"
Block
o O 2 51.79" 32508.98™ 30087.48™  11506.96™ 290.21™
Water stress
95 A5 2 0/80" 176.65™ 567.76™  563.45™ 39.11"
Salinity stress
i a 0.06"™ 4.80" 7.32" 8.13"s 5.01"
Ws x Ss
> 16 2.47 1.92 1.38 5.03 0.12
Error
Sl ~ 0.77 0.99 0.99 0.99 0.99
R-Square
PG IV TR
s e B 3.08 0.84 0.63 1.97 0.83
CV
Jopd B o) slad maw )3 (g Gxe (gD e pis Ay ® 9 *F NS

ns,”™ and *: non-significant, significant at p<0.01 and p<0.05 respectively

1- Coefficient of Variations
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Table 3- Comparison of the average interaction effects of water and salinity stresses on the studied traits (by Tukey test
method - 2020)

&ilowd LS5 Evaporation and transpiration (mm) 23 Sles
Treatment compounds a3l als 0 Arwgs dl o Gwdsw JLLdsw  Wetyield (ton.hec?)
Initial stage Development stage Middle stage  Final stage
WoSo 54.30° 231532 254.07 ¢ 152.802 50.392
WoS1 53.572 227.53° 248.13° 145.93° 46.71°
WoS2 53.572 221.97¢ 236.67°¢ 13453° 44.36°¢
Wi1So 50.10° 166.63 ¢ 190.934 130.43 ¢ 41.41¢
Wi1S1 49.80° 162.33 ¢ 184.10¢ 121.17¢ 40.75¢
WS> 49.87° 156.03F 173.77°F 115.00f 40.16f
W2So 49.80° 110.508 137.339 80.779 38.449
W2S1 49.30° 106.30 " 130.67" 75.50" 35.81N
W2S: 49.20° 104.10" 12451 67.07' 33.23"
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Figure 2- Effect of water stress and salinity levels on absolute evapotranspiration of maize at different stages of plant growth
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PAR loygs %5 g s 2,b 5 sladgle ©yd (S 3glam 3 ,5has 3551 51 59 5390 9 2 Ololgi SIS FT D5yl o0 9 (9in 155
IV Jlo gbodld (wlalpr (idgs cml 33 (ow 2 590 (BT M0 (5150 o0 dJgi OV3leo —€ Jgua
Table 4- The equations generated for different models based on 2020 data
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Table 5- Statistical Parameters for evaluating the validity of models in 2020
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Jensen)(
) 0.2630 0.1650 0.914@ 0.900) -3.1710® 0.1600
(Rao)
ol 0.7396) 0.524©) 0.8436) 0.8170 -41.103®) 0.5416)
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Explanation: The superscripted numbers in brackets indicate the priority of choosing a model based on statistical indices.
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Figure 5- The comparison of the potential of model types in estimating relative maize yield under simultaneous water and
salinity stress
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