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Effects of Cold Treatment During Sowing and Germination Periods on
Ecological Characters of Soybeans with Different Low Temperature Tolerance
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Abstract: To provide theoretical basis for breeding low-temperature tolerant soybean varieties during the germination period
and for farmers to plant soybeans with “timely early sowing”, this study first comprehensively evaluated the low-temperature
tolerance (6 °C) ability of 169 northeast soybean germplasm resources during the germination period using relative germination
rate and relative normal seedling rate as indicators. 10 representative soybean resources of cold tolerant type (T),
8 intermediate type (M), and 9 sensitive type (S) were selected for field experiments, and the effects of early sowing (K),
normal sowing (CK) , and late sowing (P), as well as cold treatment (N) during the germination period, on the ecological
traits of different low-temperature tolerant soybean types were studied. The results showed that with the delay of sowing date,
the overall growth stages of soybean shortened and the accumulated temperature of activity decreased. The number of effective
branches decreased from 2.2 to 1.1, the crude protein content decreased from 38.8% to 38.0% , and the total protein and fat
content decreased from 60. 9% to 59. 0% . At the same time, the number of effective pods and seeds weight per plant
significantly decreased during late sowing (P) , but there was no significant difference in soybean yield per plant between early
sowing (K) and CK. The changes in various traits of different low-temperature tolerant soybean germplasm with different
sowing dates were basically the same as the whole, but there were some differences. Cold tolerant (T) soybeans exhibited
higher effective branching numbers, protein content, total protein and fat content (T >M >S), and effective pods numbers
per plant. When there were no significant changes in the growth period and accumulated temperature, after treatment at 6 °C
during soybean germination, the shedding rate of soybean pods decreased by 5. 8% , the number of effective branches and
effective pods per plant increased significantly, and the seeds weight per plant increased by 2.3 g, showing a yield increasing
effect. The above explanation shows that early sowing of cold tolerant soybeans during the germination period is beneficial for
improving soybean quality and the number of effective branches increasing. At the same time, it is found that cold stress
during the germination period can affect the growth and development of soybeans anaphase and increase yield.
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Table 1 Statistical analysis of RGR and RNSR of northeast spring soybean germplasm resources under indoor 6 °C stress
PEAR BME EBKME CPHE ARdEE 5 R A LR 5 REL R FAH
Trait Min. Max. Mean SD CV/ % GCV/ % H? /% F value
AR K 54 RGR/ % 10.4 74.7 42.2 13.7 32.5 32.0 89.6 26.9%*
HHXTIE 1% RNSR/ % 16.8 92.7 55.7 17.2 30.9 30.4 96.9 33.3%

T F A BRI R T 22 70 v Rl R R

U RE0.01 KO T,
Note: The F value is the result of the breed factors in the one-way ANOVA | **

represents the significance at the 0.01 level.
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Note: A shows the classification results of 169 varieties, while B shows the classification results of 27 varieties. T. Cold

tolerance type; M. Mediate type; S. Sensitive type; The different lowercase letters after the numbers in the bar chart indicate

significant differences between different groups (P <0.05). The same below.
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Classification and trait performance of different low-temperature resistant varieties
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Table 2 Distribution of low-temperature tolerance levels in germination stages and maturity group of 27 soybean varieties

e B SERE WK HEA i A SREREC KT A

Varieties MG U-value  Tolerance  Ranking Varieties MG U-value  Tolerance  Ranking
%213 6 5 Mengdou 6 MGOO  0.964 T 1 B2 7 Kenjian 7 MGO 0.551 M 66
3] 50 Heihe 50 MGO0 0.936 T 2 A% 33 Heinong 33 MGO 0.550 M 67
Jb 21 Beidou 21 MGO 0.871 T 5 4% 53 Heinong 53 MGI 0.528 M 74
FHH 89 Jiyu 89 MGII 0.866 T 6 177 22 Liaodou 22 MGIIT  0.489 M 87
754 50 Dongnong 50 MGO 0.811 T 10 K3 Jilin 3 MGII 0.432 S 107
P23 33 Heihe 33 MGO00  0.807 T 13 B 5 26 Kendou 26 MGI 0.431 S 108
& 7F 42 Hefeng 42 MGOO  0.768 T 14 474 56 Hefeng 56 MGO 0.418 S 112
1L 23 Beidou 23 MGOO  0.751 T 15 £1%£ 11 Hongfeng 11 MGO 0.396 S 122
#R=E 31 Teifeng 31 MGIII 0.728 T 18 41 1 5 Mufeng 1 MGO 0.389 S 126
T 92 Jiyu 92 MGII 0.674 T 26 JGF 4 Yuanbaojin MGO 0.388 S 129
2% 14 Suinong 14 MGO 0.621 M 36 B 52 Heihe 52 MGOO  0.381 S 132
3 17 Kenfeng 17 MGO 0.585 M 48 Beeson MGO 0.375 S 135
%34 48 Dongnong 48 MGO 0.580 M 52 B4 54 Heinong 54 MGI 0.286 S 153
B E 16 Kenfeng 16 MGI 0.554 M 64

L HER N 169 03 R G5 P ) s pRAE 47 UK

Note: The ranking column is the ranking based on U-value of 169 soybean germplasms.
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Table 3 Comparison of differences in the durations of each growth stage in soybean germplasm with

different low temperature tolerance at germination stages under different sowing dates

AT 1% A 2 5% HE 2211
HE A Treatments at different sowing date Difference compared with CK
Traits Type
K CK p N(6 C) K-CK P-CK N-CK
A MAMT  33.3+1.0aA  10.120.7bA 8.7 +0.6 cA 8.8+0.6cA 23.2* AB -1.4* A -1.3" A
Emergence period/d ~ A M  33.4+1.5aA  10.8£0.5bA  9.1£0.8 cA 8.840.3cA 226" B -1.6"A -1.9%A
PIRM S  34.3+0.7aA  10.5£0.2 bA 8.8+0.6 cA 8.9+0.4cA 23.8*A -1.7"A -1.6" A
4% Total  33.7+1.2 a 10.4+1.6 b 8.8+0.7 ¢ 8.8+0.4¢ 23.3" -1.6* -1.6*
FIRA K MHAR T 43.9+5.0aA  38.6+3.5bA  32.2+4.8cA  38.2:4.4bA 53" A -6.5"A -0.4A
Vegetative period/d HiE % M 44.6+5.7aA  39.5+6.3 cA  33.8x4.1dA  40.726.4bA 51" A -57°A 1.2% A
WM S 41.4+3.4aA  37.8+x1.8bA  30.7+5.0cA  37.8+1.7bA 3.6"A -7.1"A 0.0A
298 Total ~ 43.3+4.8 a 38.6+4.0 b 32.2%4.6 ¢ 38.8+4.4 b 4.7" -6.4" 0.2
HE B A KA AT 71.6 +11.4 aA 70.9+13.8 bA 69.6+10.0 cA 71.9x13.4bA 0.7" A -1.3"A 0.9A
Reproductive period/d AT M 75.7 +4.7 aA  72.9+3.4cA  73.7+2.4bA  72.4+5.2cA 2.8 A 0.8 A -0.5A
WU S 73.7+6.9aA  70.2+8.5¢A  69.0+5.5dA  71.1+9.3bA  3.4* A -1.2* A 0.9% A
4B Total  73.5+8.3 a 71.3+9.6 b 70.6£7.1 ¢ 71.7+9.8 b 2.2 -0.6" 0.5
2AEHEM MM T 115.6 £15.2 aA 109.6 +16.2 bA 101.8 £13.8 cA 110.1%16.3bA 6.0 A -7.8* A 0.5A
Whole growth period/d A1 M 120.3 8.4 aA  112.4+8.2 bA  107.5+5.5cA 113.0+8.9bA 7.9 A -4.9* A 0.7 A
BIEAM S 115.1+9.6 aA  108.1=10.0 bA 99.8+8.3 cA 108.9+10.5bA 7.0" A -8.3"A 0.8 A
2% Total  116.8 £11.5a  109.9£12.0 b  102.8 £10.3 ¢ 110.5+12.3b  6.9* -7.1" 0.7
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Treatments at different sowing date Difference compared with CK
Traits Type
K CK p N(6 °C) K-CK P-CK N-CK
i) MAEIT  27.2+£5.4aA  24.7+7.2bA  22.6%5.1cA  25.026.9bA 2.5* A -2.1*A 0.3B
Flowering period/d HEE M 25.8+4.3aA 20.4+3.3dA  21.1£3.4¢cA  22.6+4.2bA 55" A 0.7° A 2.2* A
HURIS  27.5+3.8aA  23.424.7cA  20.9+3.4dA  24.8+4.9bA 4.0 A -2.5* A 1.4* AB
43R Total  26.9 £4.5 a 23.0+5.6 ¢ 21.6+4.0d 24.2+5.4 D 3.9* -1.4* 1.2*

T R RAR I + AR W80T 5 B NG TR 20m S AR 4 U T A 225 38 (P <0.05) s B — MR P ] — 31 805 5 R [l

RE FHRFRA R IR TR0 BT 2 22 57 B2 (P <0.05) 5 " URBIBHIZAE T 5 CK MZE(HAE0.05 K F EZEREE, TR,

Note: The data in the table is the mean + standard deviation ; Values in the same line of mean followed by different lowercase letters are significantly

different among different sowing dates( P <0.05) ; Values in the same column of mean for each trait followed by different capital letters are significantly

different among different low-temperature tolerant types( P <0.05) ;

* represents a significant difference at 0.05 level in the difference between CK and

each sowing dates. The same below.
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Note: Active accumulated temperature: 5 cm soil layer above 0 C during the emergence period, while other growing stages are above 10 C.
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Fig.2 Comparison of average temperature and accumulated temperature at each growth stages of

soybean germplasm under different sowing dates
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2.3.2 AREAHMKEME R ZHFRZ A EEK IS
J AR T ACRE ANRIFEIAR X B & AN TR A
TR R KT o 5 22 10 9 25 P R R o i M BR A i
T, 3R 4 W BERE AR | A (] i A 7 K
5 A S5 A B LR 1 ROHL TG 0 B e 2 2
WA R A RLRR UG & B 1 (P) I 38 B 25 IR, 5 %
PRI ] 5 5 T #5391 (CK) A 1, 3 A [] i A
R GFIT (T M FS) IR R AR (K) B 43 i
FHRRART 8.7,4.4 T 9.4 em, Mo mF H A v a) 4
(ML) K G oA v 158 3 5 R R0 T, PR 4%

(KO P TR 4 8 O T o it ) 3 235749 3 i 58 R AR
AN T AR R o B ) 2 251 R0 A2 AL LA AN I A 5 55
Ab, A BRSPS BIR A, 3 TR (KO R
FE(P) Wik r 2k (5 CK BYZE(E) , AR R 28
A 5T 2 [ 249 JC B S 22 S (B X G AS (] i AP 7L
TARP FRAEASHE 9] T PR R B, K BRI v 2 (T) K
SRR AR B S 22 A OB, AR (KD IR R
WI(CK) NP B T > S > M, LU R Y
RLEE B 2 AR S, e AR (P) MIIE #4381 (CK)
TOFHEAR S EMERSET >M >S,
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Table 4 Comparison of differences in agronomic and quality traits of soybean germplasm with different low temperature

tolerance at germination stages under different sowing dates

btk o KIﬁH%E%IE L%t i 251 .
Treatments at different sowing date Difference compared with CK
Traits Type

K CK p N(6 C) K-CK P-CK N-CK
s M4BT 77.8£16.6 bA  86.5+17.6 aA  88.4+17.5aA 86.9+19.2aA -8.7°A 1.8 A 0.3 A
Plant height/cm FEEI M 86.1+11.4cA  90.5+9.2bA  92.8+11.5aA 90.1+10.2bA -4.4*A  2.3"A -0.4A
WU S 78.3+12.3bA  87.7+14.4aA 88.2x13.1aA 87.4+13.8aA -9.4"A 0.5A -0.3A

4% Total  80.4+13.8 ¢  88.1x14.0b  89.6x14.1a  88.0%14.7b -7.7°* 1.5 -0.1
FEAHL MHRRIT  16.9 1.9 cA 17.5+2.1 abA  17.1+2.2 beA 17.6+£2.3aA -0.5"A -0.4 A 0.1A
Main stem nodes number 1A M 17.4 £0.9 aA 17.3 1.2 aA 17.2 £1.4 aA 17.3 £1.0 aA 0.1A -0.1A -0.1A
BIEMS  16.8+1.4aA  16.7=1.7abA  16.5+2.1 bA  17.1x1.5 aA 0.1A -0.3A 0.3 A

438 Total  17.0 £1.5 be 17.2+1.7ab  16.9%1.9 ¢ 17.3+1.7 a -0.1 -0.3" 0.3
AR B MART  3.0+1.4aA 2.220.9 cA 1.6 £0.9 dA 2.5+1.1bA 0.8"A -0.5*A  0.3%A
Effective HEBM  1.6+0.7 aB 0.92£0.5bcB 0.7 £0.6 cA 1.1+0.7 bB 0.7"°A -0.3 A 0.2 A
branching number U S 1.8+1.3aAB  1.1x1.2¢B 1.1+0.9 cA 1.61.0bAB  0.7*A 0.0 A 0.5%A
2B Total  2.2%1.3 a 1.5z1.1¢ 1.120.94d 1.8+1.1b 0.7"  -0.4* 0.3"
ML &= MM T 39.8+2.4aA  39.3+2.0bA  38.122.7dA  38.4%2.2cA 0.5"A -1.2*A -0.9"A
Protein content/% HER M 38.5+1.3aA  37.7+1.6 bAB 37.5+1.8 cAB 37.21.8 dAB  0.8*A -0.2*A -0.5%A
WUEA S 38.122.0aA  36.7+1.2bB  35.8x1.6dB  36.3x1.2¢B 1.3*"A  -0.9"A -0.5%A

298 Total  38.8 2.1 a 38.02.0 b 37.2%2.3d 37.3+2.0 ¢ 0.9* -0.8° -0.7°
HELAR s 5 AT  21.8+1.6 bA  21.7+1.5bA  21.5+1.7cA  22.0%1.6 aA 0.1A -0.2"A  0.3%A
0il content/% FRIAIEI M 22.2+1.1bA  22.2%1.2abA  21.8%1.2cA  22.3x1.2aA 0.0A -0.4"A 0.1A
IS 22.3+1.9 A 22.4%1.8 bA  22.3£2.0cA  22.5%1.9aA -0.1*A -0.2°A  0.1*A

4 Total  22.1£1.5 b 22.1%1.5b 21.8+1.7 ¢ 22.3+1.6a 0.0 -0.3" 0.2"
ER A AT  61.6+1.8aA  61.0+1.5bA  59.6+1.4dA  60.4+1.4 cA 0.6"A -1.4"A -0.6"A
Total protein and AR M 60.7+0.6aA  59.9+0.8 bAB 59.3+1.1dA  59.520.9 cAB  0.8"A -0.6*A -0.4%A
fat content/% U S  60.4+2.2aA  59.2+1.8bB  58.1x0.8dB  58.8x1.6 c¢B 1.2°A  —-1.1"A  -0.4*A
42 Total  60.9 1.7 a 60.1+1.6b 59.0+1.3d 59.6 +1.5 ¢ 0.8 -1.1" -0.5"

2.3.3 KEZHEAI6 CHriast K EB ALK
FER G Hrasdr  SIEERE(CK) AL, KA
T &I 6 CRREEMHa AL H# (N) £ 5 BB S MR
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1o RN 3 22T RO S AR Ak H R AT R R RO
105 1 RN RO RO 0.3 A HLIE

7 RN 0. 2% , ML H 5 B ML R S A
B REAL A S EFRER 0. 7% , SR
HIREAR0.5% o 351, BAR HCEGZAL 3R 19 3 Flif
MRIEAUR AN BT (T M A1 S) ByMERAS AL - bR v A 2
ENBEA TO W R 25 5, 5 R AR LA () 5 v ] 2
(M) K SRR A 0 BRSO 25 A2 A d
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HAER SR, DLEaVruiil KRS w6 C
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O3 BORURERL i SR = A 5

2.4 FBHARITHKIR AN RS2 R EAR EE IR
2.4.1 AFHAF O EA T EREMRE E TS
A NIRRT X 4R T ) B 7 e R A

PRI IEAT 0T, N2 5 Fros - 738 (K) B A ik A 4%
JERL AT SBORAE JE N 95 2% | B MOk R R
AR S IEREN(CK) TR EES (e LAY
HIEFRE T 1.7 g 5IEH I (CK) M H, ik
(P) B B4R T AR A RO W B RN T 7.7 1>, 4k
JERB L F MR T 19.3 4, M AR W E R T
4.4 ¢ VSRR E B ERMT 1.5 ¢, H2EHRE
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Table 5 Comparison of differences in yield components of soybean germplasm with different low temperature tolerance

at germination stages under different sowing dates

AT 1% Ak 2 5%t 2
PR A Treatments at different sowing date Difference compared with CK
Traits Type
K CK p N K-CK P-CK N-CK
MMARERC TAMT  55.2219.5bA  55.8+15.2bA  48.8+12.5cA  60.5%18.5aA -0.6 AB  -7.0°AB  4.7°A
Effective AL M 43.3+6.2bA  47.0+5.6 aAB 35.9+3.6 cB 48.8 6.0 aA -3.7'B  -11.1°B 1.7 A
pods number WIS 46.0£5.8 bA  42.0x4.6 B 35.8x1.6 dB  48.1x8.3 aA 4.0"A -5.6"A 6.0*A
4 Total  48.6+13.4b  48.6x11.4b  40.9%10.1¢  52.9%13.6a 0.0 -7.7% 4.3"
FAEER R AT 49.0+8.5aA  46.1+12.3bA  44.4+13.0bA  38.7 £12.7 cA 2.9%A -1.7A  -7.4%A
Pods shedding PER M 53.7+6.8aA  50.2+7.6 bA  52.7+7.4 abA  46.5+5.7 cA 3.5%A 2.5A  -3.7°A
rate/ % HURAI S 47.8+13.0abA  51.7+9.4aA  49.1x12.5aA 45.7+11.4bA  -3.9A -2.6 A -6.0"A
£ Total ~ 50.0+9.8 a 49.2+10.1a  48.4+11.5a  43.3x10.9b 0.8 -0.8 -5.8
VE IR AR T 115.0+34.9 aA  114.9+31.1 aA  94.0 £24.4 bA  105.6 £29.6 aA 0.1A -20.9"A -9.3A
Total number FRER M 102.0+24.0 aA  104.0 +26.6 aA  81.2+16.5bA  96.6+16.1 aA  -2.1 A  -22.8*A -7.5A
of flowers and WIS 99.5£26.0 aA 97.7%£25.3 aA  83.4%25.0 bA  96.0 £20.0 aA L8 A  -14.3'A -1.7A
pods/% 4% Total  106.0 £28.9 2 105.9%27.9a  86.7+22.5b  99.7+22.7 a 0.1 -19.3 -6.2
A AT 39.7£7.6 cA 41.5+8.8bA  38.9+6.1cA  44.0+9.0 aA -1.8%A —2.5%A 2.5%A
Above-ground FEEM  39.5+2.9 cA 43.3+3.7bA  37.1£2.8dA  46.2+3.8 aA -3.8%A -6.2"A 2.8*A
Biomass/g WS 40.2+4.1bA 39.7%3.7bA  35.6x4.3cA  44.1%3.5aA 0.5A —4.17A 4.4%A
48 Total  39.8 +4.7 ¢ 41.5+5.5b 37.1+4.4d 44.8 +5.4 a -1.7* -4.47 3.3
LERYS G AT 17.0+3.3 bA 17.4 3.8 bA  16.4+3.0bA  19.4 +3.6 aA -0.4AB  -0.9A 2.0%A
Seed weight per  AIFIM  16.3 £1.4 cA 18.1£2.4bA  15.7+1.8cA  19.8+1.8 aA -1.7°B -2.47A 1.7°A
plant/g UEAIS  17.5+£2.3 bA 16.3+2.0 bA  14.8+1.5cA  19.6+2.0 aA 1.2 A -1.5%A 3.37A
£ Total  17.0+2.5 b 17.2£2.9 b 15.7+2.3 ¢ 19.6 +2.6 a -0.3 -1.5" 2.3*
JER DAY THARIT  16.5+4.8 aA 16.3+4.1aA  15.7+4.2bA  16.1 4.1 aA 0.2 A -0.5"B  -0.2B
100-seed PRI M 18.5+2.1 aA 17.9+2.3 bA  18.3+2.8 bA  18.0£2.3 bA 0.6*A 0.4 A 0.1 AB
weight/g WS 17.5+£1.8 bA 17.5+1.5bA  17.21.4bA  17.9%1.5 aA 0.0 A -0.3AB  0.4°A
4% Total  17.4£3.3 a 17.2 2.9 ab 17.0+3.2 b 17.3+3.0 a 0.2 -0.2 0.1
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ARG K R BT 2 [) ) SRR 7 s B HL A il PR 2R 7R
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