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Evaluation of Drought Resistance of Different Soybean at Seed Germination

Stage and the Screening of Germplasm
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Abstract: To investigate the drought resistance of soybean at seed germination period under drought stress conditions with
20% polyethylene glycol (PEG-6000) , the morphological and physiological indexes related to drought resistance of 30 soy-
bean varieties were investigated through the subordinate function method to evaluate comprehensively the drought resistance.
The results showed that the water absorption, germination energy, germination rate, germination index and vigor index of soy-
bean seeds reduced and the growth of germ and radicle were restrained under 20% PEG-6000. There were differences in ger-
mination drought resistance index( GDRI) and germination stress index( GSI) among 30 soybean varieties. Through the com-
prehensive evaluation membership function method, it found that germination ability of drought resistance were markedly dif-
ferent among 30 soybean varieties, the drought resistances of Xuyonghuangmaobaishuidou ( G25), Xuyongliuyueban( G21),

Wugangqingdou( G27) and Chunpingxiaoziyaoheidou( G13) were stronger, conversely, the drought resistances of Zaotahian-

qing (GO8) , Danbohei( G2) and Tongluniuchidou (GI11) were worse.
Keywords: Soybeans; Drought resistance at seed germination stage; PEG stress; Membership function method
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Table 1 Materials used in this study
s Hn RN B R B TR HH
Accession No. Cultivars Seed coat color 100-seed weight/g Growth period/d

Go1 Jackson F#f8, Yellow 18.37 113
602 FH 2 Danbohei (5, Black 42.87 133
G03 FEFH %4 5 Guiyangzijindou WNMHE(E, Coffee 13.70 97
G04 Lee 68 #48, Yellow 16.33 111
G05 £ 111 5. & Bashanzaodou WER Coffee 17.73 97
G06 7 W4 5 Liboshuangsedou # Yellow 13.77 109
GO7 M2z AT Yaanheidou (7 Black 17.33 113
608 RS R 75 Zaotabianqing {4, Cyan 21.57 117
G09 % T Anjigingdou F# (0, Yellow 19.97 90
G10 Su F#f8, Yellow 20. 20 110
Gl1 il )75 4217, 1. Tongluniuchidou #eft, Yellow 35.47 131
G12 Wi 9703 Zhe 9703 F# {8, Yellow 20. 47 101
G13 ES/NF 2535 Chunpingxiaoziyaoheidou M4 Yellow 8.90 103
Gl4 1 L ® Lixianheidou A7, Black 13.30 99
G15 P} /N2 B Dantuxiaowuzao 35 Black 19. 83 131
Gl6 4% 73-935 Nannong 73-935 w4 Yellow 20. 60 120
G17 PE/NRE# Xixiaxiaolihuang #48 Yellow 11.73 121
G18 Wi 203 Nanchun 203 F# {4, Yellow 17.50 117
G19 WS | KRR Huaiyinguazaozao 748, Cyan 11.13 82
G20 224k75 A 1 Xinghualiuyuebai #(, Yellow 15.00 91
G21 Ak 7S A2 Xuyongliuyueban F#48, Yellow 10. 40 101
G22 7R % 2 5. Donganyaodou A Black 11.90 101
G23 WK 7 Tanningdadouging FH 4, Cyan 20. 50 97
G24 7606 £3:.0> 17 7606lyuxindou {5, Black 15.23 103
G25 AUk # % 17K . Xuyonghuangmaobaishuidou # 40, Yellow 9.70 101
626 %1% JUF% 5. Yunlianjiuzhuandou 4t Yellow 9. 40 116
G27 X F 5 Wugangqgingdou H {4 Cyan 12. 65 106
G28 ZEXL BT Taixingheidou 7 Black 17.03 87
G29 F 4 #; Dajinhuang F# (8, Yellow 18.27 101
G30 415 F Hongdouzi WAk, Coffee 11.23 101
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Table 2 Water absorption of different soybean varieties at different imbibition time ( %)

12h 24 h 36 h 48 h 60 h 72 h

55
hecesi gy IR IR IO CIER IR IR RIGR R R IR, R
on No. Treat- K Change Treat- K Change  Treat- Change  Treat- X Change  Treat- Change  Treat- Change

ment rate/%  ment rate/%  ment rate/%  ment rate/%  ment rate/%  ment rate/ %
GOl 58.20 75.46 -22.87 69.74 99.15 -29.66 97.57 130.50 -25.23 99.51 130.50 -23.75 104.86 130.50 -19.65 113.12 130.50 -13.32
G02 46.53 58.54 -20.52 55.30 71.30 -22.44 78.53 107.52 -26.96 81.83 122.10 -32.98 86.90 140.32 -38.07 97.21 151.20 -35.71
G03 82.97 96.77 -14.26 92.47 107.89 -14.29 112.37 133.69 -15.95 113.08 133.69 -15.42 113.98 133.69 -14.74 116.67 133.69 -12.73
G04 57.26 88.93 -35.61 66.67 105.67 -36.91 91.70 141.63 -35.25 92.95 141.63 -34.37 95.30 141.63 -32.71 100.97 141.63 -28.71
GO5  79.78 98.62 -19.10 90.65 114.31 -20.70 114.99 141.13 -18.52 119.94 141.13 -15.01 121.73 141.13 -13.75 127.51 141.13 -9.65
G06  78.35 105.60 -25.80 88.81 121.21 -26.73 118.26 169.51 -30.23 121.21 169.51 -28.49 128.28 169.51 -24.32 133.43 169.51 -21.28
GO7 71.84 92.74 -22.54 84.91 111.61 -23.92 122.21 138.03 -11.46 125.98 138.03 -8.73 128.16 138.03 -7.15 138.03 138.03 0
G08  69.67 101.89 -31.62 78.67 110.11 -28.55 104.11 135.67 -23.26 106.78 135.67 -21.29 108.67 135.67 -19.90 119.33 135.67 -12.04
G09 78.16 84.61 -7.62 85.56 97.26 -12.03 108.00 123.99 -12.90 108.95 123.99 -12.13 113.37 123.99 -8.57 118.38 123.99 -4.52
G10 62.74 115.84 -45.84 74.40 131.94 -43.61 110.65 167.93 -34.11 110.90 167.93 -33.96 112.29 167.93 -33.13 121.42 167.93 -27.70
GIl 55.42 59.67 -7.12 67.94 109.18 -37.77 93.67 122.39 -23.47 98.05 127.05 -22.83 103.34 127.05 -18.66 120.17 127.05 -5.42
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Accessi b3 - BE A - BleE AbH - e A - e hbH - B pbH - A
on No. Treat- K Change Treat- K Change  Treat- K Change  Treat- K Change  Treat- Change  Treat- K Change

ment rate/%  ment rate/%  ment rate/%  ment rate/%  ment rate/%  ment rate/ %
G12 60.84 95.93 -36.58 70.78 132.22 -46.47 99.88 151.50 -34.07 101.44 151.50 -33.04 105.87 151.50 -30.12 112.46 151.5 -25.77
GI3 87.74 115.04 -23.73 107.24 149.86 -28.44 115.04 149.86 -23.24 123.12 149.86 -17.84 125.35 149.86 -16.36 126.46 149.86 -15.61
Gl4 66.73 88.61 -24.69 87.52 124.41 -29.65 107.05 141.95 -24.59 108.86 141.95 -23.31 110.13 141.95 -22.42 116.82 141.95 -17.70
GI5 60.71 69.77 -12.99 74.54 111.38 -33.08 102.33 124.48 -17.79 106.01 124.48 -14.84 108.32 124.48 -12.98 114.20 124.48 -8.26
Gl6  70.86 80.20 -11.65 78.95 128.14 -38.39 109.84 141.84 -22.56 112.58 141.84 -20.63 116.44 141.84 -17.91 122.79 141.84 -13.43
G17 87.92 106.04 -17.09 105.21 146.67 -28.27 130.21 172.92 -24.70 132.71 172.92 -23.25 137.50 172.92 -20.48 142.08 172.92 -17.83
GI8 65.18 77.46 -15.85 78.81 111.47 -29.30 104.32 127.13 -17.94 105.40 127.13 -17.09 109.04 127.13 -14.23 113.90 127.13 -10.41
G19 71.96 108.04 -33.40 92.39 128.48 -28.09 109.35 153.04 -28.55 112.83 153.04 -26.27 115.43 153.04 -24.58 118.7 153.04 -22.44
G20 93.70 114.48 -18.15 111.24 136.29 -18.38 121.81 151.11 -19.39 126.75 151.11 -16.12 133.05 151.11 -11.95 135.95 151.11 -10.03
G21 70.36 78.55 -10.43 91.08 106.02 -14.09 95.42 106.02 -10.00 101.20 106.02 -4.55 104.58 106.02 -1.36 104.58 106.02 -1.36
G22 36.70 76.04 -51.74 65.05 95.82 -32.11 75.60 95.82 -21.10 83.08 95.82 -13.30 89.89 95.82 -6.19 95.60 95.82 -0.23
G23  72.92 94.21 -22.60 84.01 113.35 -25.88 101.01 113.35 -10.89 101.64 113.35 -10.33 105.54 113.35 -6.89 109.95 113.35 -3.00
G24 70.50 80.06 -11.94 76.34 110.53 -30.93 89.47 110.53 -19.05 93.35 110.53 -15.54 98.70 110.53 -10.70 108.59 110.53 -1.76
G25 91.79 106.97 -14.19 104.73 148.01 -29.24 118.41 148.01 -20.00 120.90 148.01 -18.32 131.84 148.01 -10.92 140.05 148.01 -5.38
G26 86.98 111.89 -22.26 106.42 130.19 -18.26 113.77 130.19 -12.61 118.87 130.19 -8.69 122.83 130.19 -5.65 128.49 130.19 -1.31
G27 90.54 121.33 -25.38 108.45 124.75 -13.07 115.09 124.75 -7.74 120.52 124.75 -3.39 121.73 124.75 -2.42 125.96 124.75 0.97
G28 87.39 121.88 -28.30 96.81 129.28 -25.12 104.64 129.28 -19.06 107.39 129.28 -16.93 112.90 129.28 -12.67 117.25 129.28 -9.31
G29 81.96 103.85 -21.08 87.93 116.98 -24.83 100.93 116.98 -13.72 102.92 116.98 -12.02 105.05 116.98 -10.20 111.54 116.98 -4.65
G30 82.11 111.64 -26.45 101.29 133.41 -24.08 118.75 133.41 -10.99 120.04 133.41 -10.02 127.37 133.41 -4.53 127.37 133.41 -4.53
2.2 PEG-6000 T 2B X K E# F & ZF 18 F50% ) , 5350k 32. 5% 37. 5% F1 47. 5% , L%t iR
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Table 3 Effect of 20% PEG stress on germination indexes of different soybean varieties

K ZF B KA KR GPIE R

o Germination energy/ % Germination rate/% Germination index Vigor index
Accession b3 B AR b3 - AR Ab _— AR Ab 3 - AL AR
No. Treat- Change Treat- Change Treat- Change Treat- Change

CK CK CK CK

ment rate/ % ment rate/ % ment rate/ % ment rate/ %
GO1 17. 50 100. 00 -82.50  75.00 100 -25.00 11.63 71.88 -83.82 2.03 15.48 -86.92
G02 0 85.00 -100.00 0 85 -100. 00 0 35.66  -100.00 0 5.13 -100.00
G03 87.50 97.50 -10.26  90.00 97.5 -7.69  35.39 91. 00 -61.11 2.41 17.34  -86.09
G04 90. 00 97.50 -7.69 100.00 97.5 2.56  34.58 86. 00 -59.79 2.22 16.46 -86.51
GO5 5.00 100. 00 -95.00  40.00 100.0  -60.00 4.02 81.71 -95.08 0.96 19.72  -95.13
G06 25.00 92.50 -72.97  87.50 92.5 -5.41 15.79 88.73 -82.20 2.21 15.09 -85.39
G0O7 42.50 100. 00 -57.50  100. 00 100. 0 0 20.78 76.13 -72.70 2.50 15.04 -83.38
G08 5.00 90. 00 -94.44  37.50 97.5 -61.54 4.06 70. 65 -94.25 0. 40 16.99 -97.66
G09 60. 00 97.50 -38.46  75.00 97.5 -23.08  20.25 84. 00 -75.89 2.25 19.29 -88.33
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o Germination energy/ % Germination rate/% Germination index Vigor index
Accession by g EROR o mieR w0 R b R
No. Treat- Change Treat- Change Treat- Change Treat- Change
ment CK rate/ % ment oK rate/ % ment cK rate/ % ment cK rate/ %
G10 32.50 87.50 -62.86  75.00 87.50 -14.29 13.70 67.63 -79.74 1. 64 12.97 -87.39
Gl11 0 90.00  -100.00 0 90.00  -100.00 0 45.18  -100.00 0 15.35 -100.00
G12 65. 00 97.50 -33.33 92.50 97.59 -5.13 24. 86 74.50 -66. 63 3.13 18.56 -83.16
G13 85.00  100.00 -15.00  92.59  100.00 -7.50  35.13  100.71 —-65.12 2.59 20.14 -87.14
Gl4 80.00  100.00 -20.00  90.00  100.00 -10.00  31.13 79.71 -60.95 1.91 19.94  -90.43
G15 22.50 85.00 -73.53 47.50 85.00 -44.12 9.91 61.57 -83.90 0.95 18.31 -94.81
G16 62.50 97.50 -35.90  95.00 97.50 -2.56  24.18 79.50 -69. 58 3.10 18.80 -83.52
G17 32.50 97.50 -66.67  97.50 97.50 0 15.98 77.00 -79.25 2.22 18.78 -88.16
G18 45.00 97.50 -53.85 95. 00 97.50 -2.56  23.28 79. 00 -170.53 1.75 16.81 —-89.60
G19 92.50 97.50 -5.13 97.50 97.50 0 37.60 84. 00 -55.24 1.78 16.32  -89.13
G20 77.50 95. 00 -18.42  90.00 95.00 -5.26  30.34 75.78 -59.96 2.16 17.92  -87.94
G21 100. 00 82.50 21.21 100. 00 82.50 21.21 46.71 72.69 -35.74 2.18 14.00 -84.43
G22 75.00 717.50 -3.23 75. 00 77.50 -3.23 36.70 73.42 -50.01 1.20 14.79 -91.88
G23 12. 50 87.50 -85.71 82.50 87.50 -5.71 13.92 84.29 -83.49 1.44 16.64 -91.37
G24 85.00 95. 00 -10.53 97.50 95. 00 2.63 29.83 75.28 -60. 37 2.67 17.58 -84.80
G25 100. 00 90. 00 11.11  100.00 90. 00 11.11 52.63 81. 84 -35.69 2.72 19.19 -85.82
G26 82.50 90. 00 -8.33 87.50 90. 00 -2.78 29.31 87.84 —-66. 63 2.15 17.53 -87.72
G27 95. 00 92.50 2.70  95.00 92.50 2.70  55.45 95.56 -41.97 2.22 15.93  -86.04
G28 45.00 70. 00 -35.71 60. 00 90. 00 -33.33 17. 61 58.16 -69.72 1.58 9.22 -82.81
G29 25.00 95. 00 -73.68 32.50 95.00 -65.79 9.32 54. 86 -83.01 0.42 11.93  -96.51
G30 85.00 95. 00 -10.53 95. 00 95.00 0 35.17 79.28 —-55. 64 1.77 16.06 —-88.99
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Table 4 Effect of PEG stress on seedling height and root length of different varieties

I

[EE]

=x

=]

(S

o= Seedling height/cm Root length/cm
Accession No. St o B AL 4b 3 o AL H
Treatment CK Change rate/ % Treatment CK Change rate/ %

GO1 2.70 15. 48 -82.56 0 16. 40 -100. 00
G02 0 6. 04 -100. 00 0 3.96 —-100. 00
GO3 2. 68 17.78 -84.93 7.22 10. 36 -30.31

G04 2.22 16. 88 -86.85 7.70 13.54 -43.13

GO5 2.40 19.72 -87.83 0 14. 38 —-100. 00
G06 2.52 16. 42 -84.65 1. 56 17.56 -91.12
GO7 2.50 15. 04 —-83.38 5.06 13.50 -62.52
GO8 1. 06 17.42 -93.92 0 12.92 —-100. 00
G09 3.00 19.78 -84.83 0. 88 15. 80 -94.43

G10 2.18 14. 82 -85.29 0 10. 30 -100. 00
Gl1 0 17. 06 -100. 00 0 11. 14 —-100. 00
G12 3.38 19. 04 -82.25 2.98 12. 68 -76.50
G13 2.80 20. 14 -86. 10 11.28 19. 56 -42.33

Gl14 2.12 19. 94 -89.37 5.54 16. 50 —-66. 42
G15 2.00 21.54 -90.71 3.96 14.12 -71.95

Gl16 3.26 19. 28 -83.09 0.60 11. 86 -94.94
G17 2.28 19.26 -88.16 3.08 14.26 -78.40
G18 1. 84 17.24 -89.33 5.92 12. 14 -51.24
G19 1.82 16. 74 -89.13 8.02 11. 08 -27.62
G20 2.40 18. 86 -87.27 3.06 10. 06 -69.58

G21 2.18 16.98 -87.16 10. 64 15.20 -30. 00
G22 1. 60 19. 08 -91.61 6. 68 10. 82 —-38.26
G23 1.74 19.02 -90. 85 0.00 13. 88 —-100. 00
G24 2.74 18. 50 -85.19 7.74 15.32 —-49.48

G25 2.72 21.32 -87.24 11.62 13.36 -13.02
G26 2. 46 19. 48 -87.37 5.88 12.12 -51.49
G27 2.34 17.22 -86.41 9.80 10. 96 -10.58

G28 2.64 10. 24 -74.22 0 5. 88 —-100. 00
G29 1.28 12. 56 -89.81 0 6. 06 -100. 00
G30 1. 86 16.90 -88.99 6. 66 12.24 -45.59
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PEG AT Jihae , 2 30 2 9/ 7 1 W1 0 18 158 1R
SR B BRI K 2 1 ARl B T T G A X
Tl =1 & 52 M0 (4 ] g & 22 07 TR, T LA K
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Table 5 The value of subordinate function and comprehensive evaluation of soybean under
4 5 R KR REFIREC TR WIRPLR P Hi SN (2t HEF
Accession  Germination ~ Germin-  Germination Vigor B csi Seedling Root TEME Seque-
No. energy ation rate Index index GDRI height/ecm  length/cem CEV nce
G25 1. 00 1. 00 0.95 0. 87 0.95 1. 00 0. 80 1. 00 7.58 1
G21 1. 00 1. 00 0. 84 0.70 1. 00 1. 00 0. 64 0.92 7.10 2
G27 0.95 0.95 1. 00 0.71 0.97 0.91 0.69 0. 84 7.02 3
G13 0. 85 0.93 0.63 0.83 0.57 0.54 0.83 0.97 6.15 4
G04 0.90 1. 00 0.62 0.71 0. 67 0.63 0. 66 0. 66 5.85 5
G24 0.85 0.98 0.54 0.85 0.53 0.62 0. 81 0.67 5. 84 6
GO03 0. 88 0.90 0.64 0.77 0. 60 0.61 0.79 0.62 5.81 7
G19 0.93 0.98 0. 68 0.57 0. 67 0.70 0.54 0. 69 5.74 8
G30 0.85 0.95 0.63 0. 56 0.62 0. 69 0.55 0.57 5.43 9
G12 0. 65 0.93 0.45 1.00 0.45 0.52 1.00 0.26 5.25 10
G26 0.83 0. 88 0.53 0. 69 0.55 0.52 0.73 0.51 5.22 11
G14 0. 80 0.90 0.56 0.61 0.54 0.61 0.63 0.48 5.13 12
G22 0.75 0.75 0. 66 0.38 0.75 0.78 0. 47 0.57 5.13 13
G20 0.78 0.90 0.55 0.69 0.59 0.63 0.71 0.26 5.10 14
Gl16 0.63 0.95 0. 44 0.99 0.43 0.48 0. 96 0. 05 4.93 15
GO7 0.43 1. 00 0.37 0. 80 0.35 0.43 0.74 0. 44 4.55 16
G18 0.45 0.95 0.42 0. 56 0.45 0.46 0.54 0.51 4.34 17
G09 0. 60 0.75 0.37 0.72 0.36 0.38 0.89 0.08 4.13 18
G17 0.33 0.97 0.29 0.71 0.23 0.32 0.67 0.27 3.79 19
G28 0.45 0. 60 0.32 0.51 0.44 0. 47 0.78 0 3.57 20
G06 0.25 0. 88 0.28 0.70 0.28 0.28 0.75 0.13 3.55 21
G10 0.33 0.75 0.25 0.52 0.27 0.32 0. 64 0 3.07 22
GO1 0.18 0.75 0.21 0. 65 0.21 0.25 0. 80 0 3.04 23
G23 0.13 0.83 0.25 0. 46 0.26 0.26 0.51 0 2.69 24
G15 0.23 0.48 0.18 0.39 0.20 0.25 0.59 0.34 2.57 25
G29 0.25 0.33 0.17 0.13 0.19 0.27 0.38 0 1.71 26
GO5 0.05 0. 40 0.07 0.31 0. 06 0.08 0.71 0 1. 67 27
GO8 0.05 0.38 0.07 0.13 0.07 0.09 0.31 0 1.10 28
G02 0 0 0 0 0 0 0 0 0 29
Gl1 0 0 0 0 0 0 0 0 0 30
AR, TR BRI, A TR T
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