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Comprehensive abstract

Introduction

The water deficit is one of the most important problems in rice cultivation, particularly when the
decrease in rainfall and dry season affects its vegetative growth and grain yield. Drought stress is
known as one of the most effective factors of yield reduction in crops. Identifying and introducing
tolerant genotypes is a good way to cope incompatible environmental conditions. For easier evaluation
of genotypes under drought conditions and identification of drought tolerant genotypes, various
indices have been suggested as criteria for selection of genotypes based on their yield under stress and
non-stress conditions. The present study was conducted to evaluate some rice genotypes under drought
stress conditions as well as to introduce drought tolerant genotypes using important tolerance and
sensitivity stress indices.

Materials and methods

This experiment was conducted in split plots based on randomized complete block design with
three replications in Azadshahr, Golestan province, Iran. The main factor included two irrigation
levels (drought stress and flooding as control) and the sub-factor included eight rice varieties. The
experimental plots were three m* with a distance of one m from each other. After randomly assigning
the treatments to the experimental units, transplanting was done as four plants per pile. Each genotype
was cultivated in six two-meter rows with a distance of 25 x 25 cm. Irrigation of the experimental
field under both stress and non-stress conditions until the tillering stage of the genotypes was
conducted as flooding. Then, under stressful conditions, irrigation was carried out from 40 days after
transplanting (maximum tillering stage) until the end of the cropping season at an interval of 25 days,
which according to the climatic conditions of the studied region, irrigation was done only once in
stressful conditions. From the six rows planted in each plot, one row from around each plot was
removed as border and the second to fourth rows were selected for sampling. After measuring traits
and calculating different indices, the data were analyzed by SAS software. Two-dimensional biplot
diagram was also drawn by STATGRAPHIC software.

Research findings

The results of analysis of variance showed a significant difference between the genotypes for all
studied traits under both drought stress and flooded (control) conditions. Comparison of means
showed that the highest average grain yield under both control and stress conditions belonged to Fajr,
IRAT216, Sang-Jo, and Sang-Tarom Gerdeh genotypes, and the lowest grain yield belonged to the
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Sepidrood variety. The results of the correlation coefficients showed that grain yield in control
conditions had a positive and significant correlation with mean productivity (MP), geometric mean
productivity (GMP), harmonic mean (HARM), and drought tolerance (TOL) indices, respectively, and
the highest correlation was observed between grain yield and MP index (r = 0.918). Also, under
drought stress conditions, grain yield showed a high correlation with the harmonic mean (HARM),
geometric mean productivity (GMP) and mean productivity (MP) indices, the highest of which was
related to harmonic mean index (r = 0.933). The results of principal component analysis showed that
94.31% of the total variation between data was justified by the first and second principal components.
Cluster analysis based on drought stress indices separated rice genotypes into three groups, and the
genotypes in the first cluster had the highest drought tolerance.

Conclusion

The results of biplot analysis and correlation between stress indices indicated that GMP, MP, and
HM indices were the best indices for selecting high-yielding genotypes under both stress and non-
stress conditions in this experiment. Based on these indices and biplot diagram, Fajr, Sang-Tarom
Gerdeh, Sang-Jo, and IRAT216 genotypes were identified as high-yielding and drought-tolerant
genotypes, and Sepidrood and Gharib Siah Reyhani varieties as low yielding and drought sensitive
genotypes.
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Table 1. Analysis of variance of the studied traits in eight rice genotypes under non-stress (flood irrigation) and drought stress

conditions
Source of Root length Plant height  Panicle Fertility Daysto No.of 100-grain Grain yield
variance (cm) (cm) length (cm) (%) flowering  tiller weight (g)  (ton/ha)
Block 2 1.07™ 225.4™ 0.87™ 0.17™ 2.52° 0.24™ 0.05™ 0.42m™
Stress (S) 1 109.5" 1955.8* 239.41"  6966.58™ 299.95™ 132.7"  2.05" 25.17"
Error a 2 0.63 209.7 0.43 2.54 1.04 0.44 0.09 0.33
Cultivar (C) 7 3.32" 2673.9" 18.77" 373.56"  57.077" 27.76™  0.85" 5.15™
SxC 7 0.67" 434.9" 24.04™ 299.19"  30.62"  2.86" 0.28" 1.78™
Error b 28 0.28 201.9 0.29 0.68 0.49 0.23 0.03 0.20
CV (%) - 9.99" 15.3™ 4.43"™ 1.14"™ 0.87™ 5.7 11.08" 9.7™

s *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 2. Comparison of means of the studied traits in rice cultivars under non-stress (flood) conditions

Cultivar Root lengh Plant height  Panicle Daysto Fertility No.of 100-grain Grain yeild
(cm) (cm) length (cm) flowering (%) tiller weight (g)  (ton/ha)

IRAT216 8.63° 77.1¢ 27.3 81.2¢¢  87.33* 20.16° 1.53° 6.65"
Fajr 6.96> 76.462 26.66" 80 84.1¢¢  21.94 2.22* 7.26*
Tarom Mahali 7.06° 132¢ 21.06%¢ 79.03°  83.13% 14.66° 2.43% 4.5
Sang-Tarom Gerdeh 6.53 84.66° 20.13¢% 82.53  85.13* 17.3° 2.12* 5.53%
Sepidrood 5.6% 81.5 22.53% 87.36° 84.23¢ 17.3° 1.01¢ 3.5¢
Gharib Siyah Reyhani 7.66% 122.46° 27.2 83.5° 86.53" 21.96° 2.34* 4.23¢
Sang-Jo 5.46° 96° 19.33¢ 75.967 823 18.53 1.2° 5.96°
Tarom Amiri 6.66"¢ 128.9° 23.76° 75.03" 8434  17.3¢ 2.2¢ 5.43°

Means followed by at least one letter in each column are not significantly different by LSD test.
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Table 3. Comparison of means of the studied traits in rice cultivars under drought stress conditions

Cultivar Root lengh Plant height  Panicle Days to Fertility No.of 100-grain Grain yeild

(cm) (cm) length (cm)) flowering (%) tiller weight (g)  (ton/ha)
IRAT216 6.6" 80.35¢ 23.8* 77.5¢ 83.7* 18.8* 1.5¢ 5.1°
Fajr 5.26% 71.17¢ 22.8% 75.9¢ 78.2° 19.5* 2.07* 5.8
Tarom Mahali 5.35° 127 20.4¢ 76.4¢ 76° 13.8¢ 2.02* 4.2¢d
Sang-Tarom Gerdeh 5.11% 84¢ 18.71¢ 79.5¢ 74.14  14.8° 1.6 5.1
Sepidrood 4.65% 76.1¢ 22.57%® 81.6° 72.6° 16.3¢ 1.14 3.1°
Gharib Siyah Reyhani 6.11* 120.6% 22.03° 82.9* 66.8f 19.6* 2.03* 3.9¢
Sang-Jo 4.28¢ 84.7¢ 19.7¢4 77.26¢ 57.3¢ 17.1° 1.2¢ 5.3%
Tarom Amiri 5.13% 104.27° 20.6° 73.6 73.2%  16.1° 1.9° 4.5¢

Means followed by at least one letter in each column are not significantly different by LSD test.
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Table 4. Drought tolerance and sensitivity indices of the studied rice genotypes based on grain yield

Cultivar TOL SSI MP HARM STI GMP Ys Yr
IRAT216 3.1 1.5 52 4.6 0.5 49 5.1 6.65
Fajr 2.9 1.7 5.8 54 0.6 5.6 5.8 7.26

Tarom Mahali 0.6 0.5 4.2 4.1 0.9 4.1 42 4.5
Sang-Tarom Gerdeh 0.1 0.07 55 1 54 5.1 5.53
Sepidrood 0.9 0.9 3.1 3 0.7 3.03 3.1 3.5
Gharib Siyah Reyhani 0.7 0.6 39 3.6 0.8 3.8 39 4.23
Sang-Jo 1.3 0.7 5.4 52 0.8 53 53 5.96
Tarom Amiri 1.9 1.1 4.5 43 0.8 44 4.5 5.43
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Table 5. Correlation coefficients among yield under stress and flood conditions with stress tolerance and sensitivity indices

Index TOL SSI MP HM STI GMP Ys
Yp 0.747" 0.583" 0.918™ 0.756" -0.454 0.893" 0.513"
Ys 0.842" 0.514m 0.933" 0.810" -0.376™ -0.185"

GMP -0.16" 0.961" 0.997" 0.170" 0.371"

STI 0.207" -0.076™ -0.950™ -0.919™

HM 0.946™ -0.057m™ 0.143 "

MP 0.221" 0.425"
SSI 0.957"

s *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.

Table 6. Results of principal component analysis for grain yield based on stress tolerance and sensitivity indices

Index First component Second component
Yp 0.433 0.179
Ys 0.351 -0.377
GMP 0.459 -0.08
STI -0.022 -0.485
HM 0.428 -0.205
MP 0.464 -0.05
SSI 0.141 0.538
TOL 0.231 0.497
Eigen value 4.63 2.90
Variance percentage 58.00 36.31
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Figure 1. Biplot diagram of the studied rice genotypes to identify the best genotypes and indices under drought stress and
flood conditions
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Figure 2. Grouping of the studied rice genotypes based on drought tolerance and sensitivity indices
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