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Introduction. Bitter vetch cultivation in warm and dry regions of Iran is faced with terminal heat stress during
the flowering and seed filling periods, which causes a decrease in grain yield in these regions. In these areas,
due to the presence of weather conditions such as suitable temperature and favorable light in winter and early
spring, bitter vetch has a favorable vegetative growth and has the potential to produce a good yield, but with
the increase in temperature during the flowering stage until maturity, the plant faces heat stress at the end of the
growing season, which causes a decrease in grain yield. Considering that terminal heat stress is one of the
limiting factors for the production of bitter vetch in warm and dry regions of Iran, and on the other hand, very
limited researches on heat stress tolerance have been conducted on Iranian bitter vetch genotypes, this
experiment was conducted with the aim of evaluating 12 Iranian bitter vetch ecotypes to terminal heat stress on
yield and some related characteristics in Rafsanjan.

Materials and Methods. In order to evaluate the effect of the heat stress at the end of the season on grain yield
and some related traits of bitter vetch ecotypes, an agricultural experiment was conducted in the Research Farm
of Faculty of Agriculture at Vali-e-Asr University of Rafsanjan in 2023-2024 cropping seasons based on a
randomized complete block design with 3 repeats on 12 bitter vetch ecotypes .The studied ecotypes were
planted in three sowing dates (26 Dec. 2023, 25 Jan. 2024, and 24 Feb. 2024). The studied ecotypes consisted
of five ecotypes belonging to East Azerbaijan province (Shykhdarabad, Kordlar, Ghorbankandi, Varzagan, and
Yowlgonlu), one ecotype belonging to West Azerbaijan province (Ghordik), four ecotypes belonging to Ardabil
province (Araloo, Khojin, Doshanbolagh, and Sarebanlar) and two ecotyepes ecotypes belonging to Zanjan
province (Chumalu and Ghale). In present study, number of days to emergence, number of days to flowering
end, number of days to 50% maturing stage, plant height in maturing stage, root length in maturity stage, above
ground biomass, grain yield, thousand kernel weight and harvest index were measured. Then combined analysis
of variance, means comparison using Duncan Test at 5 percent probability level, cluster analysis and
discriminant function analysis were performed.

Results and Discussion. The results of combined analysis of variance showed that sowing date effect on
number of days to emergence and number of days to 50% maturing stage, ecotype effect on plant height in
maturing stage, interaction effect of sowing date x ecotype on above ground biomass and thousand kernel
weight and also sowing date effect, ecotype effect and interaction effect of sowing date x ecotype on number
of days to flowering end, grain yield and harvest index were significant. However, the sowing date, ecotype,
and interaction of sowing date x ecotype had not a significant effect on root length at the end of the growing
season. In general, the response of bitter vetch ecotypes to different sowing dates was different, which indicated
the existence of diversity between ecotypes in terms of the studied characteristics. According to cluster analysis
(ward's method, squared Euclidean distance) based on grain yield and its related characteristics, ecotypes were
divided into three groups in each three sowing dates. The accuracy of the identified groups produced was
reassessed using discriminant function analysis and the total success rate of the discriminant function was
100%. According to the results of the means comparison of the groups obtained from cluster analysis in the
second and third sowing dates, the ecotypes Yolwlqonlu (with grain yields of 6.0 and 3.9 g plant™! and harvest
index of 35.7 and 27.6 %, respectively) were identified as the most tolerant ecotype to terminal heat stress for
grain yield production in Rafsanjan conditions. In addition, in all sowing dates, ecotypes Arallo and Varzagan
were identified as the superior ecotypes for hay production in different temperature status in Rafsanjan
conditions.

Conclusion. Generally, it can be concluded that the mentioned tolerant ecotyopes can be utilized for warm and
dry climates in Iran such as Rafsanjan for direct cultivation or as donor parents in bitter vetch breeding program
for further improvement of germplasm for terminal heat stress on farm. It is possible to improve stable high hay
and grain yield and sustainable production by cultivating tolerant cultivars and carrying out optimal agricultural
operations.
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Table 1. Monthly mean temperature and maximum and minimum mean temperature and relative humidity during bitter vetch growth in
Rafsanjan in 2023-2024.

Month (2023-2024) Mean temp. (‘C) Maximum temp. (C) Minimum temp. C) Relative humidity (%)

Dec. 22-Jan. 20 8.51 17.55 -0.53 37.05
Jan. 21-Feb. 19 8.79 17.53 0.04 30.78
Feb. 20-Mar. 19 8.38 15.7 1.26 53.04
Mar. 20-Apr 19 14.78 21.58 7.96 46.77
Apr. 20-May 20 18.60 25.90 11.20 41.84
May 21-Jun. 20 25.58 3443 16.73 21.95
Jun. 21-Jul. 21 304 38.26 22.52 21.59
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Table 2. Combined analysis of the studied characteristics of 12 bitter vetch ecotypes in three sowing dates in Rafsanjan.
Mean of squares

S.0.vV df Days to Days to Days to Plant Root
emergence flowering end  50% maturing end height length
Sowing date (S) 2 515.814™ 14224.694™ 35703.953™ 33.281™  1.299m
Error 1 6 3.046 25.074 50.907 9.620 1.518
Ecotype (E) 11 1.423ms 250.184™ 6.107" 18.359"  1.865™
SxE 22 2.410m 69.068™ 5.549¢s 6.458" 1.259"
Error 2 66 2.288 10.265 3.937 4.464 1.425
CV (%) 10.56 3.12 1.56 9.97 12.68
Mean of squares
S.0.vV df Above ground Grain Thousand kernel Harvest
bimass yield weight index
Sowing date (S) 2 100.704"s 15.166" 323.752" 201.182°
Error 1 6 105.870 0.342 40.681 1.871
Ecotype (E) 11 174.533ms 8.319" 129.303" 337.618"
SxE 22 90.783" 2.780™ 195.175™ 60.785™
Error 2 66 47.040 0.177 27.598 4.080
CV (%) 30.43 33.53 19.35 35.16
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*and **: Significant at 5% and 1% probability levels, respectively; ™: non-significant.
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Table 3. Mean comparison of days to emergence and days to 50% maturing end of 12 bitter vetch ecotypes
between three sowing dates in Rafsanjan.

Sowing date Days to emergence Days to 50% maturing end
26 Dec. 15.5° 15852
25 Jan. 10.0¢ 125.9°
24 Feb. 173 955¢
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Table 4. Mean comparison of reciprocal effects of ecotype x sowing date for some studied characteristics in Rafsanjan.

Ecotype Days to flowering end Above ground bimass (g plant™) Grain yield (g plant™)
26 Dec. 25Jan. 24 Feb. 26 Dec. 25 Jan. 24 Feb. 26 Dec. 25Jan. 24 Feb.
Shykhdarabad 126.3 *¢ 102.3 % 86.0 4 27.207 &¢ 23.221 »d 27.208 * 1.251 b4 0.991 ¢f 0.209 «d
Kordlar 131.3 2 101.0 b 90.3 2 12.980 ¢d 24,951 »d 28.419% 0.095 ¢ 1.436 1 04
Ghorbankandi 124.0°¢ 9364 79.0f 16.285 b4 20.978 b 16.792 ¢ 0.949 b-e 1.594 de 0.828
Varzaqan 125.0 b 102.6° 88.0 ¢ 356372 28.467 ¢ 16.569 © 1.340 b 1.236 ¢f 04
YOquonlu 106.0 4 75.0 ¢ 88.0 ¢ 8.049 ¢ 15.296 ¢ 14.510 ¢ 1.627° 6.067 2 3.965?
Ghordik 123.6° 100.0 b4 85.3 b 28.840 »¢ 22.330 24 17.172¢ 2.8902 0.668 & 0.074 «d
Araloo 127.0 *¢ 101.3 b 86.3 24 32.304 20 29.426 27.760 * 3.0852 2.435%b 0.918 <d
Khojin 122.6° 95.6 4 80.6 < 19.059 »4 26.100 < 17.312¢ 0.526 ¢¢ 1.757 ¢ 0.330 «d
Doshanbolagh 121.6¢ 98.0 b-d 80.6 °f 21.03524 31.1422 19.948 be 1.681° 2.683 " 0.359 <
Sarebanlar 132.02 111.02 89.0 @ 17.554 b4 24.548 »d 24.408 @ 0.113¢ 0.105¢ 0.0134¢
Chumalu 125.0%¢ 103.0® 83.3¢f 13.930 «d 27.671 ¢ 21.197° 0.303 de 1.877 0.160 <
Ghale 124.0°¢ 97.6 b 82.3 ¢f 26.827 *¢ 19.409 < 26.622* 2.6932 1.131 ¢f 0.487 be
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Continued Table 4. Mean comparison of reciprocal effects of ecotype x sowing for some studied characteristics in Rafsanjan.

Thousand kernel weight (g) Harvest index (%)
Ecotype

26 Dec. 25 Jan. 24 Feb. 26 Dec. 25 Jan. 24 Feb.
Shykhdarabad 34.266 28.744 28.164 ® 461754 4,175« 0.612°¢
Kordlar 38.140 25.934 - 0.927 ¢ 6.080 > 0¢
Ghorbankandi 33.633 29.642 22.728° 5.837 4 7.759 4.741°
Varzaqan 27.046 28.504 - 3.737 b 4239« 0¢
Yowlgonlu 25.936 28.288 25217° 9.5692 35.770* 27.689 *
Ghordik 26.347 22.057 36.500* 6.853 *¢ 5.905 d 0.449 ©
Araloo 31.841 27.229 22912° 109722 8.432° 0.606 ©
Khojin 27.527 28.725 29.934 3.062 >d 6.480 ¢ 2.019¢
Doshanbolagh 28.426 31.746 30.308 ® 7.972% 9.033° 1.887°¢
Sarebanlar 24.263 30.428 21.001° 2455« 0.426 © 0.037 ¢
Chumalu 24.895 30.523 37.333% 2,175« 6.763 b 1.094 ©
Ghale 29.779 28.382 30.584 10.043 2 5.655 4 1.869¢
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Figure 1. Mean comparisons for plant height in maturing stage in bitter vetch ecotypes in Rafsanjan.
Means followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Figure 2. Cluster analysis dendrogram of bitter vetch ecotypes based on the studied characteristics in sowing dates of 26
Dec. 2023 (I), 25 Jan. 2024 (II) and 24 Feb. 2024 (III).
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Table 5. Discrimination function analysis for grouping 12 bitter vetch ecotypes based on studied traits in different sowing dates.
Predicted group membership based on discrimination analysis

Sowing date Cluster analysis Group I Group II Group III Total
groups Count % Count % Count % Count %
26 Dec. 2023 I 6 100 0 0 0 0 6 100
II 0 0 5 100 0 0 5 100
I 0 0 0 0 1 100 1 100
25 Jan. 2024 I 5 100 0 0 0 0 5 100
II 0 0 6 100 0 0 6 100
I 0 0 0 0 1 100 1 100
24 Feb. 2024 1 6 100 0 0 0 0 6 100
II 0 0 5 100 0 0 5 100
1 0 0 0 0 1 100 1 100
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Table 6. Mean comparison of studied traits among the groups of cluster analysis in different sowing dates.

. Cluster Days to Plant Root Above Grain Thousand Harvest
Sowing . Days to . Days to . ground . kernel .
analysis flowering o . height  length . yield . index
date groups emergence end 50% maturing (cm) (cm) bimass (g plant™) weight (%)
(g plant”) (2
26 Dec. I 15.55¢ 126.88 * 159.16 20.04* 10.09*° 17.83° 0.53° 30.45¢ 3.17°
2023 11 15.73 ¢ 12426 ¢ 158.06 2196* 923" 28.92¢ 233¢ 28.68 ¢ 7.87¢
111 1433 ¢ 106.00 ° 157.33° 15.77°  7.77¢ 8.04°¢ 1.62* 25.93¢ 9.56¢
Mean 15.52 124.05 158.55 20.48 9.54 21.64 1.37 29.34 5.67
25 Jan. I 10.20® 100.13 ¢ 124.86° 2343% 993¢ 28.56 ¢ 1.98° 29.34¢ 6.50°
2024 1I 9.94 % 100.94 * 126.50 ® 2190* 931° 22.57° 0.98°¢ 27.53¢ 450"
111 10.33 ¢ 75.00° 128.33 ¢ 19.00° 8.44° 15.29 ¢ 6.06*° 28.28 ¢ 35.77%
Mean 10.08 98.44 125.97 22.30 9.50 24.46 1.83 28.35 8.14
24 Feb. I 17.50 ¢ 81.88° 95.50% 20.69* 9.34°¢ 19.84 ® 0.08° 31.23¢ 2.01°
2024 11 17.33¢ 87.93* 96.00 * 21.21*  9.00*° 24.87* 0.37° 14.41° 0.25°
111 16.66 ° 88.00 * 91.00° 18.83% 933 14.51° 3.96° 2521 % 27.68 ¢
Mean 17.36 84.91 95.33 20.75 9.19 21.49 0.55 23.72 3.41

5 gl gime gl doyd gy Jlein] a3 Sl (ygej] bl din Syt B S ghyls Sl a5 ol pSile sl oyl ym )
In each sowing date, means of cluster (column) followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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