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Comprehensive abstract 

Introduction 
Salinity of soil and water resources are the most important factors reducing yield in many crop 

plants, including rice. Considering the increase in salinity of soil and water resources in many paddy 
farms in Iran, and considering the different sensitivity of rice plants at different growth stages to water 
and soil salinity, it is necessary to manage saline water resources in these areas. In this experiment, the 
effects of different levels of irrigation water salinity on grain yield of two hybrid (Bahar) and 
improved (Dorfak) rice varieties at different growth stages were investigated. The objective of this 
experiment was to obtain the best application time of saline water with the minimum reduction of rice 
grain yield. 

Materials and methods 
This study was conducted as a pot experiment in factorial based on completely randomized design 

with three factors and three replications in the Rice Research Institute of Iran (RRII), Rasht, Iran. The 
experimental factors included irrigation water salinity in four levels as the first factor, 2, 4, 6, and 8 
dS/m, application time of salinity stress in four levels as the second factor, tillering, panicle formation, 
heading and maturity growth stages, and rice variety in two levels as the third factor, the hybrid 
variety of Bahar and the improved variety of Dorfak. Moreover, irrigation with normal water with a 
salinity of 0.4 dS/m was also considered as a control treatment for comparison with the other salinity 
treatments. A mix of NaCl+CaCl2 salts in a ratio of 2:1 were used to apply salinity treatments. After 
the end of each growth stage, leaching was carried out and irrigation with normal water was continued 
until the end of the growth stage. At the end of the growth and harvesting grains, grain yield based on 
14% moisture, biological yield and harvest index were measured. SPSS software was used for 
statistical analysis and Tukey's test was used to comparison of means at 1% probability level. 

  Research findings 
The results of analysis of variance indicated that the effect of different salinity levels and its 

application stage on grain yield of both rice varieties was significant at 1% probability level. The 
results of comparison of means revealed that the improved variety Doefak showed more salinity 
tolerance and produced more grain yield at different salinity levels compared to the hybrid variety 
Bahar. The most sensitive and resistant growth stages to salinity stress were tillering (with an average 
grain yield of 6.82 g/pot for the hybrid variety Bahar and 8.07 g/pot for the improved variety Dorfak) 
and maturity (with an average grain yield of 14.71 g/pot for the hybrid variety Bahar and 15.90 g/pot 
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for the improved variety Dorfak) stages, respectively. The lowest biological yield (14.37 g/pot) and 
harvest index (2.53%) in the improved variety Dorfak was obtained at the tillering stage and the 
salinity level of 8 dS/m. Also, the lowest biological yield (12.89 g/pot) and harvest index (4.61) in the 
hybrid variety Bahar was observed at the salinity level of 8 dS/m and at the heading and panicle 
formation stages, respectively. Modeling the effect of different salinity levels on grain yield indicated 
that yield variations in different salinity levels and at the different growth stages followed a quadratic 
equation. Coefficients of determination of the regression equations of grain yield in different salinity 
levels for the improved variety Dorfak at the tillering (R2=0.99), panicle formation (R2=0.99), heading 
(R2=0.95) and maturity (R2=0.98) stages, and also for the hybrid variety Bahar at the tillering 
(R2=0.99), panicle formation (R2=0.99), heading (R2=0.99) and maturity (R2=0.99) stages, revealed 
that the application time of salinity stress is more important than the salinity levels. 

Conclusion 

Application of different salinity levels caused a significant difference in grain yield of both 
improved and hybrid varieties, so that a significant decrease was observed in grain yield of both 
Dorfak and Bahar varieties with the increasing salinity levels, and the lowest grain yield was obtained 
at the salinity level of 8 dS/m. Application time of salinity stress was also very important and caused a 
significant difference in reduction of grain yield. The results of this experiment showed that under the 
water limitation conditions or in the absence of suitable water quality, it is possible to prevent the 
reduction of rice grain yield by managing irrigation water at different growth stages and using lower 
quality water in the final and maturity growth stages. 
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Table 1. Soil physico-chemical properties of the studied in this experiment 

Soil texture 
Organic carbon  

(%) 
N  

(%) 
P 

(ppm) 
K 

(ppm) 
EC 

(dS/m) 
Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Specific gravity 
(g/cm3) 

Silty clay 2.14 0.17 33.2 263 0.7 4 44 52 1.2 
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Table 2. Monthly average of meteorological data of the studied region during rice growing period in 2020 

Month 
Temperature (°C) Relative humidity (%) Rainfall (mm) ET0 

Minimum Maximum Minimum Maximum   

April-May 13.4 22.7 61.8 93.2 37.2 70.4 
May-June 18.7 30.4 48.1 90.6 48.7 145.1 
June-July 21.0 31.7 50.9 87.4 30.8 128.8 

July-August 21.1 29.6 62.2 93.5 68.3 79.0 
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Table 3. Analysis of variance of the effect of investigated treatments on grain yield of two rice varieties 
Source of variation df Mean square F P-value 

Variety 1 141.096** 31.362 0.000 
Growth stage 3 333.375** 74.101 0.000 

Salinity level 3 1029.617** 228.859 0.000 
Variety × Growth stage 3 54.577** 12.131 0.000 
Variety × Salinity level 3 1.886 ns 0.419 0.740 

Salinity level × Growth stage 9 11.580* 2.574 0.013 

Salinity level × Growth stage × Variety 9 30.893** 6.867 0.000 
Error 64 4.499   

ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 4. Comparison of means of grain yield (g/pot) of two rice varieties of hybrid and modified  

Growth stage of salinity 
application  

Salinity leve 
(dS/m) 

Hybrid variety, Bahar 
(Mean ± Standard deviation)  

Improved variety, Dorfak 
(Mean ± Standard deviation) 

Control - 21.53 ± 0.54 ab 21.85 ± 0.15 a 

Tillering 2 11.30 ± 1.73  f 19.34 ± 1.43 cd 
4 8.96 ± 0.35 g 9.32 ± 2.58 fgh 

6 5.15 ± 1.58 hij 3.26 ± 1.25 jk 

8 1.90 ± 0.72 kl 0.37 ± 0.63 m 

Panicle forming 2 14.56 ± 3.24 ef 21.83 ± 2.99 abc 
4 8.51 ± 0.98 g 10.12 ± 6.01 efghij 

6 3.74 ± 1.86 jk 3.40 ± 3.14 ijklm 

8 0.98 ± 0.52 lm 1.59 ± 1.96 klm 

Heading 2 21.64 ± 3.10 abc 22.35 ± 2.12 abc 
4 11.02 ± 1.03 f 20.02 ± 1.07 bc 

6 3.09 ± 1.56 jk 13.00 ± 3.26 ef 

8 0.55 ± 0.48 m 10.57 ± 2.74 fg 

Maturity 2 22.64 ± 2.43 abc 20.10 ± 0.45 c 

4 16.68 ± 1.18 de 16.55 ± 1.72 de 

6 12.89 ± 1.63 f 14.43 ± 3.00 ef 

8 6.65 ± 0.32 hi 11.53 ± 1.59 f 

Means followed by at least one similar letter in each column are not significantly different by Tukey’s test at 1% 
probability level. 
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Figure 1. Effect of salinity stress on grain yield of rice hybrid (Bahar) and improved (Dorfak) varieties at 
different growth stages. Treatments with the same letter are not significantly different at 1% probability level. 
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Table 5. Comparison of means of biological yield (g/pot) and harvest index (%) in the improved variety, Dorfak  

Growth stage Salinity level (dS/m) 
Biological yield  

(Mean ± Standard deviation) 

Harvest index 

(Mean ± Standard deviation) 

Control - 45.63 ± 0.78 b 46.00± 0.78 a 

Tillering 2 43.82 ± 2.86 bc 44.41 ± 6.28 ab 
4 35.14 ± 4.91 de 26.41 ± 5.62 c 

6 32.43 ± 4.84 de 10.09 ± 3.63 de 

8 14.37 ± 3.60 f 2.53 ± 4.37 e 

Panicle formation 2 50.68 ± 4.60 ab 43.12 ± 4.83 ab 
4 41.89 ± 1.10 c 24.03 ± 13.90 cd 

6 32.95 ± 3.66 de 9.81 ± 9.22 de 

8 24.43 ± 7.73 ef 5.48 ± 6.72 de 

Heading 2 52.48 ± 5.29 a 42.68 ± 3.02 ab 

4 44.22 ± 3.29 abc 45.43 ± 4.00 ab 

6 35.99 ± 3.43 d 35.90 ± 6.70 bc 

8 31.87 ± 1.30 de 33.34 ± 9.31 bc 

Maturity 2 48.86 ± 2.77 ab 41.22 ± 2.42 b 
4 47.21 ± 2.53 ab 35.05 ± 3.05 c 

6 45.21 ± 1.70 b 31.92 ± 6.52 c 

8 34.14 ± 5.63 de 35.11 ± 10.32 abc 

Means followed by at least one similar letter in each column are not significantly different by Tukey’s test at 1% 
probability level. 
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Table 6. Comparison of means of biological yield (g/pot) and harvest index (%) in the hybrid rice variety, Bahar  

Growth stage  Salinity level (dS/m) 
Biological yield 

(Mean ± Standard deviation) 
Harvest index 

(Mean ± Standard deviation) 

Control - 68.37 ± 1.62 a 42.57 ± 1.38 a 

Tillering 2 33.67 ± 2.25 ef 33.44 ± 2.89 cd 
4 35.46 ± 1.16 e 25.27 ± 0.74 e 

6 22.15 ± 3.59 h 24.24 ± 9.91 def 

8 24.13 ± 8.62 fgh 8.37 ± 3.10 gh 

Panicle formation 2 40.86 ± 8.94 cde 35.85 ± 4.88 bcd 
4 33.31 ± 4.52 efg 25.61 ± 0.84 e 

6 34.44 ± 2.01 e 11.08 ± 6.07 fgh 

8 24.08 ± 5.10 gh 4.61 ± 3.34 h 

Heading 2 46.90 ± 3.84 c 46.14 ± 5.18 a 
4 31.95 ± 2.62 ef 34.80 ± 5.94 bcd 

6 24.66 ± 4.47 gh 12.08 ± 3.88 fg 

8 12.89 ± 4.82 i 5.33 ± 5.77 g 

Maturity 2 56.74 ± 1.38 b 39.99 ± 5.26 abc 
4 43.65 ± 2.31 cd 38.19 ± 0.84 b 

6 36.15 ± 6.31 def 35.95 ± 3.92 bcd 

8 28.15 ± 3.32 fgh 23.78 ± 2.18 e 

Means followed by at least one similar letter in each column are not significantly different by Tukey’s test at 1% 

probability level. 
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Table 7. Equations of yield changes of the studied varieties at different growth stages 

Variety Growth stage Equation R2 

Improved 
variety (Dorfak) 

Tillering  Y=0.4456X2- 7.60X+32.72 0.999 

Panicle forming Y=0.6188X2-9.55X+38.47 0.999 
Heading Y=-0.0062X2-2.05X+26.95 0.9542 

Maturity Y=0.1031X2-2.57X+25.67 0.9894 

Hybrid variety 

(Bahar) 

Tillering  Y=-0.0569X2-1.0318X+13.69 0.996 

Panicle forming Y=0.2056X2-4.332X+22.46 0.999 

Heading Y=0.505X2-8.61X+36.97 0.998 

Maturity Y=-0.0175X2-2.413X+27.30 0.992 
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Figure 2. The effect of salinity stress levels and growth stages on grain yield of hybrid rice variety, Bahar (A), 

and improved rice variety, Dorfak (B) 
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