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Drought Tolerance Evaluation of the Early-Maturing Annual Wild
Soybeans from the Upper and Middle Reaches of Heilongjiang River
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Abstract ; As the ancestor of cultivated soybean,wild soybean with annual habit( Glycine soja Sieb. et Zucc. )
represents abundant genetic diversity, high protein content, strong tolerance to stresses, etc. The wild soybean was
widely distributed in northeast part of China,but exploration and breeding application remained largely delayed. By
using thirty wild soybean accessions that were collected from upper and middle reaches of the Heilongjiang River,we
evaluated the drought tolerance both in normal irrigation and drought stress treatments using multiple indices. The
results showed the differences in responses of various traits of wild soybeans to drought stress,i. e. ,that yield and
plant height were sensitive to drought stress whereas 100-seed weight and maturity traits were insensitive. These
accessions were classified into five groups according to the drought tolerance comprehensive value(D). Two acces-
sions (Jin 05017 and C05038 ) were classified into grade I( highly-tolerant) ,four accessions in grade I1( medium-tol-
erant) ,12 in grade IIT ( weakly-tolerant) , 10 in grade IV (water-sensitive ) and 2 in grade V (highly-sensitive to
water) . D value,as the comprehensive index of drought tolerance, positively correlated to vegetative growth period

(V) ,branch number and seed yield per plant,and negatively correlated to reproductive period( R ) and the ration of
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R to V(R/V). That indicated that wild soybeans with longer vegetative growth period, shorter reproductive period

and smaller R/V ratio became tolerant to drought stress. Taken together , this work suggested the D value as the com-

prehensive index based on multiple traits might be a reliable indicator for evaluating the drought tolerance of wild

soybeans. Alternatively , vegetative period,R/V ration ,branch number and seed yield per plant can be used as sim-

ple indices for drought tolerance evaluation.

Key words : wild soybean( Glycine soja) ; drought stress; evaluation of drought tolerance; D value
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Table 1 Accession name, geographical origin and the main botanical traits of wild soybean germplasm

W R SR e g e MRE
No. Accession name o £ Bloom color Leaflet shape Pubescence Seed coat Hilum color
Z5BF (N) Latitude 22 (E) Longitude color color

1 B04010 50°17'43" 127°05'17" % 33w 73 5
2 B04009 50°17'43" 127°05'17" 3 WY 7S [z
3 H04057-1 50°17'45" 127°05'29" E| A 73 B B
4 £04054 50°17'43" 127°05'25" 3 P F ey B 5
5 05038 50°17'42" 127°05'12" % Eii3awi2 K & Es
6 104064 50°17'46" 127°05"20" H PeEHE 73 A [
7 104097 50°17'46" 127°05"20" H P 73
8 104006 50°17'46" 127°05'20" E| Eii2awi2 73 H e
9 J04101 50°17'46" 127°05"20" S| PeEHE R
10 104103 50°17'46" 127°0520" H EiiZawi2 73 &
11 €04083 50°17'42" 127°05'12" ® WilFE (7 15 o]
12 J04115 50°17'46" 127°0520" -1 WEIEE 73 L
13 # 03BY 52022'59" 125°29'55" -3 IR 73 H %
14 #3 05017 50°02'32" 127°09'46" 1 BEIE % 2
15 104091 50°17'46" 127°0520” % WETE K T M
16 (04088 50°17'42" 127°05'12" % BEIE 73 73 &
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42 R AT Geographical oriin 2 I P:jiifi@ Stifiiil B
No. Accession name Bloom color Leaflet shape Hilum color
253 (N) Latitude ~ Z3J% (E) Longitude color color

17 €04090 50°17'42" 127°05'12" 3 A s = L2}
18 04048 50°17'42" 127°05'12" % YL i 73 H
19 B 05017-1 5202259" 125°29'55" % PeEHE 73 by
20 HO04062 50°17'45" 127°05'29" M PeEHE K 73 e
21 02 52°22'59" 125°29'55" 3 PEHE 73 [
22 A04002 50°17'43" 127°05'22" 3 Eiawia K
23 A05004 50°17'43" 127°05'22" % PEHE R
24 HO04050 50°17'45" 127°05'29" 2 15K 73 e
25 104084 50°17'46" 127°0520" % Eii2awi2 73 H &
26 KK 3 50°49'55" 127°1026" % Eii2awi2 73 H e
27 K27 50°49'55" 127°10'26" % WEIEDE 73 H H
28 104043 50°17'46" 127°05'20" % WEIEDE 73 B B
29 Y 04-1 52022'03" 125°29'25" H WEIEDE 73 H H
30 B04020 50°17'43" 127°05'17" % ii3awi2 73 e 1
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Table 2 Phenotypic variations on maturity traits of wild soybean accessions under different irrigation treatments

T 5 Drought HEIK Trrigated

ZESEA EH B B Bl
Accession KiBi(d) KWi(d) ABEME AEFMWD KBID KWi(d) AETWIE AEFEW(D
name Vegetative Reproductive R/V Maturity Vegetative Reproductive R/V Maturity

period period period period
B04010 29.3£0.3 43.0£0.6  1.47+0.04 72.3+0.3  29.7+0.3 47.0£0.0  1.59+0.02  76.7+0.3
B04009 28.7 0.3 44.7 +0.9 1.56£0.05  73.3+0.7  29.7+0.3 48.0+0.6  1.62+0.04  77.7+0.3
H04057-1 34.7 0.7 42.0£1.0 1.21£0.05 76.7+0.3  36.3+0.3 46.0 +0.6 1.27+0.03  82.3+0.3
F04054 29.7 0.9 46.7+0.9  1.58+0.08 76.3+0.3  30.7+0.3 50.0+0.6  1.63+0.04 80.7 0.3
05038 32.0+0.0 44.7 +0.3 1.40£0.01  76.7+0.3  32.0+0.0 50.7 0.3 1.58+0.01  82.7+0.3
J04064 29.3+0.3 46.0 +0.6 1.57+0.04  75.3+0.3  29.7+0.7 48.7+0.9 1.64+0.06 78.3+0.3
J04097 27.7+0.3 49.0+0.0  1.77£0.02 76.7+0.3  28.0£0.0 50.0£0.0  1.79+0.00 78.0+0.0
J04006 29.7 0.3 47.0 0.0 1.59+0.02  76.7+0.3  29.7+0.3 48.7+0.7  1.64£0.04  78.3+0.3
Jo4101 30.7 0.3 46.7 +0.3 1.52+0.03  77.3+0.3  31.7+0.3 46.0£0.0  1.45+0.01  77.7+0.3
J04103 30.7 £0.9 44.7+0.9  1.46£0.06 75.3x0.9  32.0£0.0 48.0+0.6  1.50+0.02 80.00.6
04083 29.0+0.0 48.7 +0.3 1.68+0.01 77.7+0.3  30.0=0.0 53.0+0.0  1.77+0.00 83.0%0.0
Jo4115 27.7+0.3 42.3+0.3 1.53+0.02  70.0+0.6  29.3+0.9  47.7+0.33 1.63+0.06 77.0=0.6
# 03BY 26.7 0.3 46.7 +0.3 1.75+0.03  73.3+0.3  28.7%0.3 48.7 +0.3 1.70 £0.03  77.3 0.3
5 05017 33.0+1.2 44.7£1.9 1.36+0.10  77.7 0.9  31.7+0.3 49.3 0.3 1.56+0.03  81.0+0.0
J04091 29.3 0.3 48.0+0.6  1.64£0.04 77.3x0.3  29.0£0.0 50.3 0.3 1.73+0.01  79.3 0.3
04088 28.7 0.3 46.0+1.0  1.60£0.05 74.7+0.7  29.3+0.3 48.3+0.7  1.65+0.04  77.7+0.3
04090 30.0+0.6 48.0 +0.6 1.60+0.04 78.0+0.6  29.3+0.3 50.7 0.3 1.73+0.03  80.0+0.0
04048 32.0+0.6 45.7+0.9  1.43£0.06 77.7+0.3  32.3x0.3 52.020.0 1.61 £0.02  84.3+0.3
5 05017-1 31.7 0.9 47.0+1.0  1.49£0.07 78.7+0.3  32.7+0.3 50.3 0.3 1.54+0.02  83.0+0.0
HO04062 28.7 0.3 50.0+0.6 1.75+0.03 78.7+0.7  29.7+0.3 53.7+0.7 1.81+0.04 83.3+0.3
o2 30.7 £0.3 46.7+0.9  1.52£0.04 77.320.7  32.0£0.6 49.3+0.9 1.54£0.05  81.3+0.7
A04002 33.0+1.0 49.7+0.9  1.51£0.07 82.7+0.3  33.3+0.3 51.3+0.3 1.54+0.02 84.7+0.3
A05004 31.0+1.0 47.0+1.0 1.52+0.08 78.0+0.0  32.0+0.0 47.7 0.3 1.49 £0.01  79.7 +0.3
HO04050 27.7+0.3 47.0+0.0  1.70£0.02 74.7+0.3  30.3£0.3 50.3 0.3 1.66 £0.03  80.7 +0.3
J04084 30.0+0.6 46.0+0.6  1.53£0.04 76.0+0.7  30.7+0.3 48.3+0.3 1.58+0.03  79.0+0.0
Kik 3 29.3 +0.7 45.7 0.7 1.56+£0.06  75.0+0.0  33.0%0.0 48.3+0.3 1.46 +0.01  81.3 0.3
K27 29.7 0.3 48.7+0.3 1.64+0.01  78.3+0.7  29.7%0.3 50.7+0.7  1.71+0.04  80.3 0.3
J04043 31.7 0.7 43.7+0.7 1.38+0.04 75.3£0.7  32.7+0.3 53.0+0.0  1.63+0.02 85.7+0.3
75 04-1 29.3+0.3 49.3+0.3 1.68+0.03 78.7+0.3  31.3%0.3 50.7+0.7  1.62+0.03  82.0%0.6
B04020 31.0+1.0 45.7+1.9  1.48£0.11 76.7+0.9  32.0£0.0 49.3 0.3 1.54+0.01  81.3%0.3
SF-H4%L Mean 30.1+1.8 46.4 +2.1 1.55+0.13  76.4+2.3  30.9+1.8 49.5+1.9  1.61£0.11  80.5+2.5
B RECV 5.95 4.48 8.07 3.06 5.70 3.89 6.70 3.04

ETRH AT el BRI AEIT A AR B A T WAL B I B A L - AR A S B TR A KI5 R IR
Vegetative period : Days from emergence to beginning bloom, Reproductive period ; Days from beginning bloom to physiological maturity, R/V :The ratio of

the reproductive period to the vegetative period,the same as below



6 1] FEZNENSE  RIR VL el DX A R T2 i

TR PR PE S E 1077

2.2 AREKSMEBEZGETHEREMRZERE
MR B EE B

TR 30 A7 B A2 K SRR BB IR A A

RIGAE R, Hod, bR e b K AL R AR
“FE ek ’
350
300
En 250
£ 200 }1
E‘; 150 _ , |
& 100 i '
. il
0
1 579111315171921232
246810]2141618202224 830
#EFES  Accession No.
TR sk ¢
6
5
il
E 4
2o
% 2
2l
£ |

1 3 5 1113 1517 19 21 23 25 27 29
-1+ 2 4 6 8 101214 16 18 20 22 24 26 28 30

HEFS  Accession No.

TR = ik

Hipkr= i Yield per plant
= [ S5 T =Y (=] oo

1 35 7 9 1113 1517 19 21 23 25 27 29
2 46 10 12 14 16 18 20 22 24 26 28 30

Hﬁﬁ% Accession No.

39.9% , FEHE/L 38. 9% B 77.1% A
PEERE(R 16. 2% , FAAR ™ 5 T B 66. 7% (&l 1a ~ e)
T e FIIE A ST A RO I E Y 22 5

K 2 O R KR

5 b
£
g
Qo
=
g
@
815,
g
=
Z 10.
&
% ',
o= 1 3 5 7 9 11131517 19 21 23 25 27 29
o 2 4 6 8 101214 16 18 20 22 24 26 28 30
H #EHFS  Accession No.
d
“FR = ik

18
g i
(¥
2 12 i
3 10 ,
= edadoo.qlilds .
m 47 . i ]
e 4
g I

01 35 7 9 11 131517 19 21 23 25 27 29

2 4 6 8 1012 14 16 18 20 22 24 26 28 30
#EHFS Accession No.

1 HRFEXEMRREEARKTLEZGHTREERBLE

Fig.1 Comparisons of agronomic traits of wild soybean germplasm in drought and irrigation treatments
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Table 3 Principal component analysis of the main agronomic traits in tested wild soybean germplasm

FE 8453 Principal components

PR Trait
1 2 3 4
EIRA R Vegetative period 0.25 -0.67 0.38 0.13
A A K3 Reproductive period -0.32 0.08 0.70 0.07
AEFWI RV -0.38 0.50 0.29 -0.03
B Plant height 0.38 0.31 0.13 0.01
F 259581 Node numbers on the main stem 0.35 0.22 0.04 -0.70
J3 K% Branch number 0.33 0.34 0.08 0.63
HRRFE R Yield per plant 0. 41 0.18 -0.08 0.21
KL 100-seed weight 0.37 0 0.50 -0.20
FFIE{A Eigenvalue 4.05 1.22 1.12 0.73
BTk (% ) Contributing rate 50. 68 15.31 14. 02 9.07
F3T 5k # (% ) Cumulative contribution 50. 68 65.99 80. 01 89.08
AL Weight 0.57 0.17 0.16 0.10
2.5 HIKFEXEMRMESHBEITN {HATF0.75 ~0. 83) A HH 3 05017 F1 C05038 45 2

k4 T AR A K R IR AP AR
REGH BRI | R B R 8 R B0k 115
PrRMEE A D, RYE D E AR/ 30 (3 B4R KR
BEIRVEAT U R PR HE (D (EBOR P B ) |
ZER(E4) R PO R D AN T 0.15 ~
0.83 Z ], FI{H M 0. 468, 28 7 R KN 0.292,
R BE B VAT D [ HE1T I HT, 1 b
B3R 5 AHURGON AR (K 3)  Hd 268 1(D
x4

A4kt JE BT R B 1IL(D A T 0. 58 ~
0. 65) fudF C04048 FIzd 02 45 4 3k} J& B 2
AU 2EHE TIL(D {HA T 0. 43 ~0.55) fuf A04002 Fil
J04064 % 12 3 kKL, J8 5P K8 1V (D {A A
T 0.33 ~0.42) 3% E04054 F1 J04006 %5 10 73 44
B, JE KA UROR K8 V(D {HAF 0. 15 ~0.20)
A5G HO4050 A% 03BY %5 2 13k}, & i B 7K 43

R,

HXFEXEMRFRERNRBERYE.D ERNEZEEEHF

Table 4 Membership function values,D values and the drought tolerance ranks of the wild soybean germplasm tested in the

current study

kL2 R 5 J8 PR AUE Membership function value D HE
Accession name p(1) n(2) r(3) n(4) Value of drought tolerance Rank in the drought tolerance
B04010 0.56 0.19 0.51 0.53 0. 49 11
B04009 0.50 0.34 0.57 0.77 0.51 10
H04057-1 0.63 0.48 0.47 0. 00 0.52 9
E04054 0.45 0.27 0.55 0.30 0.42 19
€05038 0.95 0.41 0.47 0. 66 0.75 2
J04064 0.47 0.25 0. 56 0.42 0.44 14
J04097 0.30 0.19 0. 84 0.52 0.39 26
J04006 0.38 0.14 0.78 0.49 0.41 23
J04101 0.37 0.53 1. 00 0.26 0.48 12
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WHRLZ SR J& MR EE Membership function value D (& HE
Accession name p(1) n(2) w(3) w(4) Value of drought tolerance Rank in the drought tolerance
J04103 0. 40 0.33 0.57 0.35 0. 41 24
04083 0.36 0.18 0. 40 0.33 0.33 28
Jo4115 0.49 0.32 0.33 0.27 0. 41 21
# 03BY 0.01 0.36 0.27 0. 84 0.20 29
305017 1.00 0.25 0.73 1.00 0. 83 1
J04091 0. 40 0.03 0.65 0.39 0.37 27
04088 0.38 0.24 0.58 0. 44 0. 40 25
04090 0.43 0.00 0. 67 0.95 0. 45 13
04048 0.82 0.35 0. 46 0.52 0. 65 3
5 05017-1 0.56 0. 42 0.58 0. 61 0.55 7
HO04062 0.43 0.29 0.51 0. 49 0.43 18
02 0. 54 0.56 0.72 0. 87 0. 60 4
A04002 0. 40 0.25 0.79 0. 40 0. 44 16
A05004 0.36 0. 41 0.90 0. 14 0. 43 17
HO04050 0.00 0. 44 0.01 0.78 0.15 30
J04084 0.41 0.32 0.62 0. 51 0. 44 15
KiE 3 0.43 1. 00 0.61 0. 64 0.58 6
K27 0.37 0.14 0.70 0.65 0.41 22
J04043 0.83 0.25 0.00 0.19 0.53 8
%5 04-1 0.29 0.56 0.65 0.52 0. 42 20
B04020 0. 62 0. 46 0.59 0. 60 0.59 5

w(1) ~w(4)FoR 4 A F R E R EE

(1) -p(4)represent the membership function value of the four principal components

Tﬂfﬁﬁﬁﬂ;ﬁ

0 0.14 0.27 0.41 0.54
FRECHEES Euclidean metric distance

0.68

Lo BT 1 R0 L S S TV K MUY 5 v 2 K i B AU
I; Highly-tolerant, IT: Medium-tolerant , IIT ; Weakly-tolerant,
IV Water-sensitive, V ; Highly-sensitive to water
E3 ETDEMBEXEREREURZEREE
Fig. 3 Cluster analysis of drought tolerance

of wild soybean based on D values
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3 itig
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Table 5 Correlation analysis on the main characteristics and D values of tested wild soybean

B BIRARE AR A . FETH ORE BT g A

fatn . . AHWI B )
Vegetative Reproductive Node number on Branch Yield per 100-seed
Index R/V Plant height
period period the main stem number plant weight

A B R A -0.27
Reproductive period
EHFWI RV -0.85" 0.73*
Pk Plant height 0.30 -0.22 -0.33
FEEWHH 0.35 -0.31 -0.43"  0.87"
Node number on
the main stem
43K %% Branch number 0.34 -0.29 -0.42° 0.25 0. 30
LS 0.39"  -0.10 -0.35  0.08 0.16 0.52"
Yield per plant
Ep T -0.07 0.29 0.20  -0.62" -0.57™ -0.14 0.49
100-seed weight
D {i D value 0.68*  -0.37" -0.70*  0.30 0.45* 0.74* 0.54* -0.09

Ay BIFARALE 0. 05 F10. 01 K | 3

*and ™ represent statistically significant at 0. 05 and 0. 01 probability level , respectively

IR PELR BTN LR T 5, BRI S B A K
ST PR A A 8 AR bR, A FE K
GyoyMrk SRIE R EGE MPT R = D H, 454
BT, BRI A K MR PR R 5 A5
K. @mPt R (D EAT 0.75 ~0.83) FHEA(D
fHAF 0.58 ~0.65) FFHL R A (D HA T 0.43 ~
0.55) JKAHHUEAL (D {EA T 0. 33 ~0.42) FlK 5>
e ERUERAL (D AT 0. 15 ~0.20) .
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AR AR TR AT B SR R R O JE A K
AR R B IRULE 2Ry, Rk K fl
MRim  FENRR L W LT RS R TR ER
KA SRR . R i 2 SR v LU
R R R A AR 1 AU RN R,
BRERKBIAETYL(R/V) EEE 2 ER0H
FEHNER, AR A G A KRR RS 3
MR, F 2RO BOBUR M RS 4 R

T ZEP R X SR AT A D e 5 4 2o 496 14 7 1
EH

TER AR ZETT, B R A2 vh oA i) Bood 4 5
REIKP R R IEFEA—Z, THERIRIRTY, al
R KT B (A3 ) S =R 2, se Bl 8
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