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Effects of High Temperature Stress on Physiological and Biochemical Traits of
Soybeans with Different Heat Tolerance
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(1. Yanjin Agriculture, Forestry and Livestock Bureau, Xinxiang 453200, China; 2. Jilin Academy of Agricultural Sciences, Changchun 130033, China;
3. Soybean Research Institute of Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In order to explore the effects of high temperature stress on different heat-resistant soybean, in this study, different
heat-resistant soybean varieties were treated under high temperature stress at different growth stages, and the physiological and
biochemical traits of soybean varieties and the correlation between physiological characters and seed weight per plant were
studied. The results showed that soluble sugar content, Chl a/b value decreased, MDA content and SOD activity increased
with the increase of stress temperature at different growth stages. Under the treatment of 40 £2°C in seedling stage, flowering
stage and seed-filling stage, the content of soluble sugar of Changnong 17 decreased by 43.34% , 28.09% and 34.25% re-
spectively, and the content of soluble sugar of of Jinzhou 4-1 decreased by 59.03% , 58. 66% and 45. 68% respectively. The
Chl a/b value under the treatment of 40 +2°C at seeding stage decreased most obviously. The decrease of Chl a/b value of
Jinzhou 4-1 (40.55% ) exceeded the decrease of Chl a/b value of Changnong 17 (34.40% ). The increase of MDA content
under the treatment of 40 + 2°C at the flowering stage was the highest. The increase of MDA content of Jinzhou 4-1
(135.94% ) exceeded the increase of MDA content of Changnong 17 (114.86% ). The content of proline in leaves increased
with the increase of stress temperature at flowering stage and seed-filling stage, and the most obvious difference between the
two varieties under the treatment of 40 +2°C was that the proline content increased by 113.84% for Changnong 17 and by
19.61% for Jinzhou 4-1. The activity of POD and ASA content decreased with the increase of stress temperature at seedling
stage and flowering stage, and increased at seed filling stage. Grain weight per plant was extremely a significant positive corre-
lation with soluble sugar content and Chl a/b value, and significant negative correlation with MDA content. In conclusion, the
soluble sugar content, Chl a/b value and SOD activity of heat-resistant variety Changnong 17 were all higher than those of
heat-sensitive variety Jinzhou 4-1, and the MDA content of heat-resistant variety Changnong 17 was lower than that of heat-
sensitive variety Jinzhou 4-1. Proline content, ASA content, SOD activity and POD activity of Changnong 17 were still higher
than those of Jinzhou 4-1 under the treatment of 35 £2°C , 40 £2°C. Seed weight per plant of heat-resistant variety Changnong
17 still kept a higher level, and there was a significant difference between the varieties.
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Table 1 The temperature record of different treatments (°C)
ST R T Seedling stage JFAE] Flowering stage Bk Seed-filling stage
Treated days CK I 1 111 CK I 1 il CK I 1 111
1 29.3 30. 1 36. 4 39.2 26.9 30. 4 34.4 39.0 30.3 28.0 36. 4 41.9
2 30. 4 31.7 34.7 40.5 29.1 31.4 36.0 40.8 31. 4 29.7 33.2 39.7
3 31.0 30. 8 33.6 39.5 26.8 30.9 36.0 39.6 32.3 30.6 36.3 40.3
4 29.1 31.6 34.7 40.0 24.2 30.3 35.4 38.8 36.8 31.9 36.3 41.3
5 26.0 29.9 34.6 39.9 26.6 29. 4 36. 4 38. 4 37.1 31.9 36.9 41.1
6 24.3 29.7 34.8 38.7 29.0 28. 4 35.2 40.2 29.6 29.9 35.0 39.2
7 26.3 30.0 36.2 38.2 30.7 29.6 34.5 39.1 36.2 31.5 36.7 41.7
8 26.8 29.3 35.4 38.0 28.9 29.5 35.6 38.8 35.2 30.7 35.2 40.0
9 29.1 29.6 35.8 40.0 25.9 30.6 33.3 39.1 30.2 30.8 33.6 39.5
10 29. 4 29.1 34.9 39.4 29.0 31.9 36.0 39.1 27.1 30.6 33.3 38.6
11 26.6 29. 8 33.3 40.0 28.8 29. 4 34.4 40.3 36.2 29.6 35.1 39.5
12 24.5 29.9 34.3 38.6 31.8 30.0 37.0 41.3 36.3 28.9 35.1 40.1
-2l

27.7 30. 1 34.9 39.3 28.2
Average temperature

30.2 35.4 39.5 33.2 30.3 35.3 40.2
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Fig. 2 Effects of heat stress on proline content at different growth stages
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Fig. 3 Effects of heat stress on MDA content at different growth stages
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Fig. 5 Effects of heat stress on SOD activity at different growth stages
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Fig. 7 Effects of heat stress on chlorophyll content at different growth stages
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Table 2 Effects of heat stress on the seed weight per plant at flowering stage and seed-filling stage

(g)

Qb B FFAEIH Flowering stage Bk Seed-filling stage
Treatment K4¢ 17 Changnong 17 F3JH 4-1 Jinzhou 4-1 K4 17 Changnong 17 ERM 4-1 Jinzhou 4-1
X R CK 16.12 £0.23 a 14.93 £0.67 a 16.12 £0.23 a 14.93 £0.67 a
I 15.24 £0.74 ab 11.90 £1.01 b 16.52 £0.61 a 14.03 £0.51 a
I 14.64 £0.95 b 9.77 £0.80 ¢ 14.28 £0.50 b 10.40 £0.34 b
1 13.21 £0.85 ¢ 8.93+0.17 ¢ 12.46 £0.95 ¢ 5.37+£0.40 ¢
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Table 3 Correlation analysis of yield per plant and the physiological indexes

AR AR e
i H o = R LRSS
Grain weight Souble MDA ASA SOD POD
Item Proline Chlorophyll
per plant sugar
AT MERE Souble sugar 0.798 * *
%2 Proline -0.138 0. 067
MDA -0.610" -0.498 " 0.681""
ASA 0. 456 0.517* -0.447 -0.664" "
SOD -0.301 -0.402 -0. 109 -0.055 0. 201
POD 0. 126 -0.138 -0.595" -0.552" 0.607 " 0.699 "~
42 Chlorophyll 0.203 0.321 0.889 " " 0.483 -0.273 -0. 141 -0.511"
M-4¢2 a/b Chl a/b 0.684" " 0.582* -0.617" -0.919" " 0.728**  0.069 0.515" -0.356

YT A RIFRIRTE 5% R 1% K 1 RIS

*and ** indicate significant correlation at 5% and 1% level,respectively.
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