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Table 1. Combined analysis of studied traits of bitter vetch ecotypes

Olapo (155ke Mean of square

Trait Sowing date (S) Error 1 Ecotype (E) SxE Error 2 CV (%)
o (S) cusS G, ) ls (E) wugS] SxE Y sles () oy o pui>
Days to 50% flowering
o35 2030+ b g, 2305.351** 8.864 1143.019** 31.449** 8.994 3.25
Days to flowering end
S b b s, 4572.310** 6.581 1294.768** 8.216** 4.386 2.10
Days to maturing end
3:? oy bl Ug).” 75012.344** 100.392 3329.268** 4087.332** 23.405 4.48
Plant height
il u?), 12.960™ 7.292 35.088** 6.491™ 6.106 12.53
R:Jg)ki?’g]:h 11.596™ 10.404 7.828* 4.417™ 4.196 15.95
Above gfbund bimass
o plul Ss 5 4360.862** 97.010 558.328** 412.035** 35.642 27.78
Grain yield
s 5 yg 57.687** 0.796 17.976** 3.662** 0.181 29.49
Thousard ﬂ"i').;”e'ght 4470.879%* 3.011 251.522%* 229.437% 19.099 19.55
Harvest index
iy yasls 513.343** 5.577 619.038** 41.836** 5.054 33.22

NS s %
‘
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*, **and ™: significant at 0.05 and 0.01 probability level and non-significant, respectively
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Table 2. The mean comparison of reciprocal effects of sowing date and ecotype for studied traits
Days to 50% flowering Days to flowering end Days to maturing end

Ecotype P 2030+ b ) @35 GbL b ) Sy b By
eS| S1 S2 Ss S1 Sz Ss S1 Sz Ss
Byghout 71.6" 62.3° 56.04 717.3° 65.3 59.0¢ 117.0° 101.0¢ 100.09
Bohal 113.0% 97.0° 91.3*¢ 118.3% 100.0%¢ 95.3% 139.3® 136.0% -
Cheraghchi 108.3*¢ 97.0° 89.0° 114.3° 99.0% 98.0*¢ 135.3% 126.6%¢ 124.0®
Sharabian 113.0* 97.0° 92.6® 114.3° 100.6*° 95.3% 143.0% 122.6°¢ -
Shordaragh 100.3%9 86.0¢ 90.0 113.0° 97.0¢ 98.0*¢ 132.0° 134.3% -
Kaghazkonana 94.69 87.3% 89.0° 113.6° 97.6" 100.32 133.0% 122.6>¢ 119.6°
Maragheh 71.6" 58.0° 53.3¢ 76.0° 62.64 59.04 117.0° 101.0¢ 100.0¢
Eland 95.6% 93.0%¢ 94.0* 113.0° 99.3%¢ 99.0% 141.6® 128.6%4 125.5%
Shivankandi 102.3%f 97.6° 93.3® 113.6° 104.0% 98.6% 138.6% 126.3%4 125.0%
Ghorol 100.3%9 97.6% 92.0%¢ 115.3%® 102.3% 97.3*¢ 143.32 121.6% 125.0®
Aghbolagh 100.3% 936 913 113.6° 99.3%¢ 973 14130 127.5% .
Alvaresi 100.0%9 93.0%¢ 90.0°¢ 113.0° 98.3% 95.3% 136.6% 121.6% 125.0%
Khiarak 101.3%9 89.30¢ 90.0°¢ 113.0° 97.0° 98.0%¢ 133.3%® 122.3% 125.0%
Saghazchi 107.0%¢ 93.0%¢ 92.6% 116.0% 97.6% 95.3%¢ 135.0% 132.3*¢ -
Ghareaghaj 104.6°¢ 95.3® 91.6*°¢ 113.6° 100.5%¢ 97.0%°¢ 137.3® 118.09 109.0°
Armaghankhaneh 102.0%f 93.0%¢ 90.0°¢ 113.0° 97.0¢ 94.6° 139.3® 128.3%¢ -
Dashbolaq 98.0%9 92.3%¢ 93.3%® 115.3%® 100.0*¢ 99.0% 135.3% 118.6¢ -
Goullujah 100.0%9 93.0%¢ 91.3*¢ 113.0° 97.6" 97.3*¢ 139.0® 118.69 -

Sy dls o oSS pas Ldody Hl 550 Caio (gly 0300 D93 g pis i 5 didwl YO CllS Fu)l :Ss il Vo bl )l Sz (pepe YO <l ol :S1
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Si: 13 Feb. sowing date, Sz: 28 Feb. sowing date, Sg: 15 Mar. sowing date and -: no data for intended trait due to not completing the maturing stage
In each column, means with same letter(s) are not significantly different based on Duncan Test (P < 0.05)
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Continued Table 2. The mean comparison of reciprocal effects of sowing date and ecotype for studied traits

Above ground bimass (mg) Grain yield (g) Thousand kernel weight (g) Harvest index
Ecotype (mg) (olsp plul Suid 39 (9) «l> > Slos (9) «bs Hl3 459 caslyy yadls
S| S1 Sz S3 S1 Sz Ss S1 Sz Ss S1 Sz S3
Byghout 18.37° 16.67¢f 12.43% 3.798° 4.426° 1.975° 26.59  29.84%¢ 28.16% 20.898° 26.521°  18.024°
Bohal 20.96¢f 43.48° - 1.657%  0.907°° - 3515  27.35°d - 9.101¢ 2.0754 -
Cheraghchi 42.41%¢  27.63%% 2375  1.373%  0496%  0.490¢  31.43 37.39* 18.60% 3.257¢ 2.2144 1.053¢
Sharabian 53.04% 42.82° - 1.071%  0.795°¢ - 28,55  25.340d - 1.931f 1.8794 -
Shordaragh 16.29° 21.45% - 0.714¢ 1.024% - 2821  33.52® - 4,673 5.694¢ -
Kaghazkonan 28.27¢F  17.95¢ 31.51° 1.515%  0.918°¢ 1.195° 2859  27.91*¢ 24.07% 5.422¢f 5.038¢ 3.676%
Maragheh 22.08¢f 18.23¢f 13.06% 8.840% 6.3807 3.026% 3226 3293 30.29* 41.709* 35.820°  25.057°
Eland 40.41%9 24,74 29.30° 7.476°  0.912°¢ 04709  30.98  24.86"¢  22.62%° 18.8750¢ 3.818¢ 1.5524
Shivankandi 27.21%F  19.51%F  24.06> 4.017¢ 0.585% 04507  26.68  23.52°¢ 14.25¢ 15.807¢ 2.950¢ 1.753¢
Ghorol 34.10%¢  25.48%¢ 54.70 1.117%  1.106% - 26.93  27.12°d - 3.441° 4.428¢ -
Aghbolagh 27.47%f 5.72¢ - 0.983¢% 0.265° - 27.44 17.81¢ - 3.843¢ 3.069¢ -
Alvaresi 46.01% 14.98f 15.60% 2.012¢ 1.367° 0.511%  30.68  26.34>  24.95® 4.418° 9.628° 3.936%
Khiarak 26.28%F  19.95¢ 9.35¢ 1.8559 0.913°¢ 0.326¢ 30.18  26.94"d 30.332 7.242% 5.102¢ 2.678%
Saghazchi 22.64¢F 3577 - 1.312%  1.246% - 27.87  29.00%° - 6.155¢f 3.608¢ -
Ghareaghaj 25.66% - 5.68¢ 4.104¢ - 0.494%  27.53 - 24.41% 17.143% - 8.682°
Armaghankhaneh 38.62°¢  31.63" - 1.474%  0.768°¢ - 28.09  21.02¢ - 3.932¢f 2.610¢ -
Dashbolaq 25,6141 18.96% - 1.121%  0.778%¢ - 29.28  27.424 - 4,321 4.146¢ -
Goullujah 26.814F  17.88°f - 1.277%  0.533% - 33.56  20.91% - 4.236° 2.9914 -
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Si: 13 Feb. sowing date, Sz: 28 Feb. sowing date, S3: 15 Mar. sowing date and -: no data for intended trait due to not completing the maturing stage
In each column, means with same letter(s) are not significantly different based on Duncan Test (P < 0.05)
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Figure 2. Mean comparisons for plant height (A) and root length (B) in bitter vetch ecotypes
(Means in each column with same letter(s) are not significantly different based on Duncan Test (P < 0.05))
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Figure 3. Cluster analysis dendrogram of bitter vetch ecotypes based on the studied traits in sowing dates of 13
Febuary (1), 28 Febuary (I1) and 15 March (I11)
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Extended Abstract

Introduction and Objective: Terminal heat stress as one of the major abiotic stresses has an important
role in reducing growth and crop production in many areas of the world including central and southern
Iran.

Material and Methods: To evaluate the effect of terminal heat stress on grain yield and some its related
traits in bitter vetch, a field experiment was conducted in a randomized complete block design with three
replications on 18 bitter vetch ecotypes from four provinces (East Azerbaijan, West Azerbaijan, Ardabil
and Zanjan) in the Research Field of Faculty of Agriculture at Vali-e-Asr University of Rafsanjan, Iran in
2020-2021 cropping seasons. The ecotypes planted in three sowing dates (13 Feb., 28 Feb. and 15 Mar.)
and the data were combined and run in a combined analysis of variance. The sowing dates were
considered the plant will end with the heat of season. Days to 50% flowering, days to flowering end, days
to maturing end, plant height, root length, biomass, grain yield, thousand kernel weight and harvest index
were measured.

Results: The results of combined analysis of variance showed there were significant differences among
the studied ecotypes for all traits in their reaction to terminal heat stress that were implicated high genetic
diversity among ecotypes. According to the results of mean comparison of the evaluated traits, terminal
heat stress (induced by delay in differnrt sowing dates) caused significant reduction in all traits except
plant height and root length. Aso, the results showed that the interaction of sowing date and ecotypes had
significant effects on the most of traits. Cluster analysis based on the measured traits at different sowing
dates (13 Feb., 28 Feb. and 15 Mar.), was done and the studied bitter vetch ecotypes were divided into 3
groups in each sowing date.

Conclusion: Regarding to the results, Maragheh and Bayghout ecotypes both from East Azerbaijan in
terms of tolerance to terminal heat stress were superior to other ecotypes and recommended for direct
planting in Rafsanjan condition or using in breeding programs for terminal heat stress.
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