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Abstract: With the change of the global climate, the drought tolerance at germination stage of soybean
becomes of importance when suffering spring drought. In order to explore an optimal drought stress condition,
four soybean accessions with levels of drought tolerance were tested with the concentrations of 0%, 10%,
15%, 16%, 18%, 20%, 30% of PEG-6000 solution simulated different drought conditions. The result showed
that 15%~18% of PEG-6000 solution was qualified to simulate drought stress condition at germination stage
of soybean. Moreover, 16% of PEG-6000 solution was applied to culture the seeds of 568 soybean germplasm
accessions. The indexes were estimated using six indicators including relative germination energy, relative
germination rate, relative radical length, relative bud length, germination drought tolerant index and vigor index.

Based on subordination function method and the standard classification of drought tolerance in soybean, four
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drought tolerant varieties, 18 medium tolerant varieties, 110 intermediate type varieties, 194 relatively drought

sensitive varieties and 242 drought sensitive varieties were identified.

Key words: soybean; germplasm resources; germination stage; drought resistance; subordination function
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£ 1 7A[E PEG-6000 iR E THIA ST 434
Table 1 Descriptive statistical analysis at different PEG-6000 concentrations
i 54k PEG-6000 ¥ (% ) REFH KA JAARACZ (mm ) WA FEER
Drought tolerance Concentration GE GR RL GI
it 5 T 0(CK) 0.76 + 0.16Aa 0.93 + 0.06Aa 64.58 + 4.87Aa 1.48 +0.20Aa
Drought tolerant varieties 10 0.71 £ 0.13Aa 0.93 + 0.08Aa 59.92 £ 2.62Ab 132+0.16Aa
15 0.42 + 0.04Bb 0.87 +0.07Aa 42.13+2.21Bc 0.99 + 0.05Bb
16 0.20 + 0.05Cc 0.77 + 0.05Ab 33.84 +4.49Cd 0.78 + 0.08Bc
18 0.13 +0.04Cc 0.62 +0.16Bc 22.08 +2.04De 0.51 +0.20Cd
20 0.09 +0.09Cc 0.18 =0.10Cd 7.84 + 1.99Ef 0.21 =0.14De
30 0 0 0 0
iR 0(CK) 0.81 +0.04Aa 0.97 £ 0.05Aa 74.79 £ 11.45 Aa 1.61 +0.04Aa
Drought sensitive varietics 10 0.78  0.03Aa 0.94 £ 0.05Aa 5439 + 3.90Bb 130 + 0.07Bb
15 0.17 + 0.08Bb 0.30+0.11Bb 9.40 + 7.04Cc 0.35 +0.14Cc
16 0.05 +0.03Cc 0.12 = 0.06Cc 4.35 +2.04Cc 0.13 = 0.06Cc
18 0.03 = 0.04Cc 0.06 = 0.0Cc 1.85 +0.55Cc 0.07 = 0.05Cc
20 0 0 0 0
30 0 0 0 0

Z SR LSD k38 , ANF/NG EhE R 22 57 853 (P<0.05 ), RRIKE SRR 2 50 8 3% (P<0.01)

Multiple comparisons were tested by LSD method, different small letters mean significant differences at 0.05 level, different capital letters mean

significant differences at 0.01 level. GE: Germination energy, GR: Germination rate, RL: Radical length, GI: Germination index. The same as below

R2 568 HAREFRFLETEME TSR LR

Table 2 Comparison of the germination traits for 568 accessions of soybean under drought stress

il EiEgan KHEH(%) RAFFR(%)  WARKEE (mm) & (mm)  WRIRE RISE AR EL
Treatments Index GE GR RL HL GI SVI
ddH,0 SN 100.00 100.00 179.99 88.43 2.83 86.79
F/ME 33.33 80.00 20.14 15.09 0.57 3.98
SEH(E 73.33 86.81 55.97 39.73 1.68 34.81
bR 16.08 6.28 30.06 14.29 0.34 13.74
5 FRE(% ) 21.93 7.23 53.71 35.97 20.24 39.47
16% PEG-6000 SN 81.11 94.44 103.73 32.94 1.97 28.66
e/ ME 0 0 0 0 0 0
S 23.10 31.95 18.96 5.15 0.49 2.31
brifi 2= 17.80 21.21 17.83 4.21 0.38 2.92
5 RE (%) 77.06 66.38 94.04 81.75 77.55 126.41
SEHE AL -0.68 -0.63 -0.66 -0.87 -0.71 -0.93

Average rate of change

SEIEAR AR = (AR BRLRFEART- 358K — X IR TR AR T35 8% ) / % IR Fa b - 458k
Average rate of change=( The average of experimental group-The average of control group )/ The average of control group. HL: Bud length, SVI:

Simple vigor index

T IFREAE R R 22 K BT REC 1.12, K]
AR 5 32 T L0 WIS 5 AR & 2 AR S R B
/N, 0.65(F3),

SEREARAR AL SR R ROBOR, IR WIZ AR bR iU,
oy % TR AR . 6 N EEESRARTE 16% PEG-
6000 IR IHE T 32 BRI A AL 22 57 . Hop,
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Table 3 Comparison of the germination indexes for 568 accessions of soybean under drought stress
i £ TN 24 AR A 2% AHXF AR i TR v 1 42 it S A A Ok R
Drought tolerance index RGE RGR RRL RHL GDTI VI
e RAH Maximum 0.99 1.00 1.99 0.52 1.00 0.44
f/IMH Minimum 0 0 0 0 0 0
F-H4{H Average 0.32 0.37 0.36 0.13 0.29 0.06
FrifEZE SD 0.24 0.24 0.31 0.10 0.21 0.07
R RECY 0.75 0.65 0.87 0.78 0.72 1.12

RGE: Relative germination energy, RGR: Relative germination rate, RRL: Relative radical length, RHL : Relative bud length, GDTI: Germination

drought tolerant index, VI: Vigor index.The same as below
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Table 4 Correlation coefficients between drought tolerance indexes at germination stage in soybean

[E==izg 3 AHXT 5 ZF 4 AT & 2R HEARRAR I B CiERONET DAl LWL L1
Drought tolerance index RGE RGR RRL RHL GDTI VI
AR A 2% RGR 0.861"

AHXT AR B RRL 0.711" 0.726"

AAXT I RHL 0.679" 0.677" 0.682"

B & 54540 GDTI 0.953" 0.915" 0.754" 0.706"

SUPAE /@Y 0.785" 0.832" 0.726" 0.889" 0.834"

- SR S R EUE TMV 0.9317 0.932" 0.834" 0.842" 0.959" 0.926"

" IR (P<0.01)

" represent significance level at P<0.01. TMV : Total membership value. The same as below
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ST 192 1y, BRI RN BT 245 153,
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242 XEMEMBREESIENSH  HE6 A,
1 G ifih 5 U T ARG & 238 R & 2R3 TR 4R
B IR MR T 0.7, 2 it SR Rh BAR N K 2
AT & R A RS R SR B (KT 0.6,1H
A3 TR X AR AR e B S AR AR R
AR, INZE25 T . PD18807 . K217 . TN4-94 . OAC
Talbot, 7£ B 545, S5 R R, LT R M
T T S AR T A R R R SRR R, 5 U
A L, FEAR A A, FARFLAR 6B 13805
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x5 HEAMBETREIEMEERNSHIFR

Table 5 Distribution of drought tolerant level of test materials based on subordination function method

i 545 % TARAIR AR FEHER B (%) i (R A (R E SR ()%

Drought tolerant level Average Vah,le of total Numbers Frequency Local variety Improved variety Introduced variety
membership value

[ R 0.82 4 0.70 2 1 1

Drought tolerant type

it S5 0.69 18 3.17 9 7 2

Medium tolerant type

) 7 0.48 109 19.19 49 52 8

Intermediate type

BB 0.29 192 33.80 70 116 6

Relatively drought

sensitive type

U 0.09 245 43.13 63 178 4

Drought sensitive type

A1t Total 568 100 193 354 21

R 6 22 MAEMERMBERRBERHEEESTEN
Table 6 Comprehensive evaluation of drought-tolerant index membership value and drought resistance of drought tolerant
varieties at germination stage

- sRJEE Subordinate function value ‘ it L4t
%S # AR oy MAEE A% IR MR BEE iE BRI ought
Accession - H w7 PRAL(H
No. Name Origin number RS P MEREE e 585 el ™V tolerant
RGE RGR RRL RHL  GDTI VI level
1 Saline B - 0.89 1.00 0.47 0.80 0.96 0.95 0.85 1
2 JAT 17 Fh AT g A ZDD24770 0.99 0.97 0.57 0.71 0.86 0.82 0.82 1
3 /A S TERe Hh AT R A - 0.86 0.78 0.47 1.00 0.81 0.92 0.81 1
4 (5| PEINPEAE  ZDD02481 0.77 0.90 0.53 0.94 0.64 1.00 080 1
5 713-631-2 A 2 - 1.00 0.97 0.49 0.59 1.00 0.69 0.79 2
6 Z13-631-7 PR 22 - 0.99 0.76 0.49 0.83 0.87 0.76 0.78 2
7 L 66 LT - 0.99 0.87 0.47 0.71 0.86 0.74 0.77 2
8 BT GEIIPR ZDD08999 0.95 0.97 0.34 0.64 0.94 0.74 0.76 2
9 — FFEIVPEERE  ZDD08989 0.78 0.85 0.85 0.59 0.69 0.59 0.72 2
10 PD18807 G EIIEP N - 0.79 0.81 0.39 0.82 0.71 0.79 0.72 2
11 TN4-94 S - 0.99 0.98 0.55 0.37 098 043 0.72 2
12 KEE (1) ef L P R ZDD08889 0.91 0.72 0.78 0.56 0.74 0.48 0.70 2
13 OAC Talbot | - 1.00 0.83 0.57 0.39 092 038  0.68 2
14 Wit 20 5 PEMPERE ZDD188ss 0.89 0.71 0.40 0.73 0.64 0.61 0.66 2
15 R r = L PG BH A ZDD09506 0.71 0.86 1.00 0.37 0.62 0.38 0.66 2
16 INEEL PR T ZDD09484 0.80 0.92 0.76 0.37 0.68 0.41 0.66 2
17 Hhh 155 PFEINPEREE  ZDDI8854 0.94 0.81 0.51 0.40 0.87 0.38 0.65 2
18 KA R E LK ZDD02130 0.77 0.78 0.38 0.64 0.72 0.60 0.65 2
19 SR ef R L P A ZDD09130 0.72 0.80 0.51 0.59 0.69 0.56 0.65 2
20 U bRk PEILFERE  ZDDI8873 0.83 0.81 0.33 0.48 0.80 0.47 0.62 2
21 e (2) o E LY ZDD08615 0.65 0.74 0.37 0.64 0.70 0.57 0.61 2
22 /NERE rhEILPEEE ZDD09490 0.71 0.94 0.35 0.46 0.68 0.51 0.61 2

- RN (R ) IS A

-: unknown the accession number of cultivars ( lines )
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