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Seed-flooding Tolerance Identification and Comparison of Soybean Germplasm
Resources in Southern China
CHEN Wen-jie, CHEN Yuan, WEI Qing-yuan, GUO Xiao-hong, TANG Fu-yue, LIANG Jiang

(Cash Crops Research Institute/Maize Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: In order to identify and compare the submergence tolerance of different soybean germplasm in southern China and
provide scientific basis for submergence tolerance breeding of soybean seeds, in this study 200 soybean germplasm resources
(consisted of 160 landraces and 40 cultivars) coming from seven southern provinces of China were seed-flooding treated for
120 h. And then standard germination test was conducted. We counted the electrical conductivity of soaking solution after
treated for 120 h (CON120) , measured the germination potential percentage ( GPP) , the slightly injured seedling percentage
(SISP) , the germination percentage ( GP) , and the normal seeding percentage (NSP). Comprehensive tolerance index based
on principal component analysis was used to establish scoring formula, stepwise regression analysis was used to select key
indicators. And then, prediction regression equation of water resistance was established, soybean seed flooding tolerance
values were calculated. The results showed that there were abundant genetic variations in CON120, GPP, SISP, GP, NSP of
200 soybean germplasm resources. Two principal components were extracted, with contribution ratio 64.03% and 21. 46%
respectively. Seed-flooding tolerance ability of soybean germplasm resources form different provinces were different. The mean
value of comprehensive seed-flooding tolerance of soybean from Hainan and Guangxi province was higher than others, with
average U value 0.885 and 0.748 respectively. 15 soybean germplasms with high seed-flooding tolerance, including
7ZDD16876 et al. , were screened out by using comprehensive index. The 40, 20 and 20 percent of the 15 high seed-flooding
tolerance germplasms were from Guangxi, Guangdong and Hunan province respectively. In the land races, seed-flooding
tolerance ratio of soybean from Guangdong was the highest, followed by Guangxi. In the varieties, seed-flooding tolerance ratio
of soybean from Hainan was the highest. These high seed-flooding tolerance soybean germplasm resources could be used for
seed-flooding tolerance breeding.
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1.4 HIESH
FIFH Excel 2017 B 47 56 2045 7004k 2R, A H
SPSS 19. 0 BT 7 22 50 B NE B B b 46

2 HRE5HLMH

2.1 KREMBREFFERKGEFIERGEITFE
200 {7 RERIFTER K 120 h J5, GPP GP F1 NSP

YB39 41. 88 .47. 89 F1 25. 61, {3 B3 46 4cb 24
s B I 9, A R T SE A TR K RE 7 5R BY M R
CON120 .GPP  SISP . GP #I NSP 2% 5 Z (4 5
42.06 .68.71 .105.30 61. 73 F1 103. 67, i}t B2 7Kk kb
PR, 200 43 K B 5T 9% U 18] i 2 7K BB 1 AEFE AR
(&R,

&1 RAKAIEIF 200 4K EF R NEN R G

Table 1 Descriptive statistics of 200 germplasm resources indexes after the seed-flooding treatment
L e B RS Ko T
Parameter CONI20/(S+m™") GPP/ % SISP/ % GP/ % NSP/ %
(& Mean 414.47 41. 88 8. 18 47.89 25.61
e KAH Max. 1059. 00 100. 00 63.33 100. 00 93.33
f%/]ME Min. 106. 00 0 0 0 0
%7 Rang 953. 00 100. 00 63. 33 100. 00 93.33
2= STD 174. 34 28.78 8.61 29.56 26. 55
CV/ % 42.06 68. 71 105. 30 61.73 103. 67

2.2 KRERKHEXIEREFFREXMERBHE XM
SHT

W7 2 fir 7, GPP GP NSP 5 1 ki i 1 52 i 3%

TAH G, A OE R0 3 0.234 0,242 A1 0. 238,

CONI120 5/ 5 I 25 1E AH G, A OC R 4R 0. 200,

CON120 [f] GPP GP I NSP & i 2 67 4 6, #56 &

B 0. 625 .0. 655 10.549, GPP,GP NSP [i]

ARG AR SN, R Ll SR RL A 2 5 5 9 03
i [W] GPP GP NSP Jo i 2 AH A, (Hh 75 1 [F)
L RATAE S A DGR (r = 0. 201) o RIGRFRTE (4 [F)
GPP (GP \NSP [H] 77 £i fib 2 AH G (r 2350 4 0. 142
0.178.,0. 177) . SISP [F] M 5z B {0 52 dk 25 TE ARG (r
=0.227) , [ R E B FE AN (r=0.183)

R2 TRMUEEEXEDH

Table 2 Correlation analysis for observed indexes after seed-flooding treatment

) Bz FRE o - -
Bty GRS RHEH REBERE KRR IEHH% )
Seed coat 100-seed Protein
Index CON120 GPP SISP GP NSP
color weight content
HRLE 100 seed weight 0. 029
i1 52 CON120 -0.187** 0.200" "
K ZFH GPP 0.142* -0.234"*  -0.625""*
RIS R SISP 0.227** 0.016 -0.183" " -0.025
KR CP 0.178* -0.242"*  -0.655"* 0.957**  0.020
TEH T % NSP 0.177* -0.238""* -0.549** 0.796** -0.100 0.786 " *
#1141 Protein content 0.018 0.030 0. 068 -0.044 0.092 -0.048 -0. 108
&1 Oil content -0.073 0.073 0.201* -0.023 -0.182 -0.002 -0.035 -0.581"*

" FIRTE 0. 05 K- (U) LBEEAR; 7 FoRTE 0. 01 /K- (U LA B 25

* indicates a significant correlation at 0. 05 level (bilateral) ; * ™ indicates a significant correlation at the 0. 01 level (bilateral).

2.3 KREEMMIRKEENIEIREIHIE

SR 3 A 25 2R 2R A A a0 R AR 1) A
RF 1, HRITThk A 85.49% (£ 3) , iR BT M
AR R TR o A R K D7 2236 % A
OYEAT IEASSTE RS IR AR B AN 18 21 R 22 94553
(R 4) S — T 5Tk Ry 64. 03% , HoAE

GPP .GP  NSP.CON120 |4 % K # 4, 35 GPP,
GP NSP 1EAHC, 5 CONI20 i AH G, 55 A E
SYTTHRR N 21.46% , HLAE SISP A K#E AT, 5
SISP IEAHSG (I 1) o MRS m B AR (K 4) it
BBAS 21 F 22 B S350 0. 749 F10. 251, R K &L
R KA1 AR N D =0. 74921 +0. 25122,
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Table 3 Variance contribution rate and cumulative 0.80
contribution rate for each component 0.60
o
E
. . Dl &S it iR £ 0.40
% AL o . . £
Contribution Cumulative S 0.20
Component Eigenvalue N
ratio/ % contribution/ % i;( eGP
# -1.00 -0.50 0 0.50 o nglo
1 3.20 64.03 64. 03 CON120 -0.20 ’
[ ]
2 1.07 21.46 85.49 -0.40
FE 431 Componentl
3 0.43 8.61 94. 10
4 0.25 5.07 99. 17 B 1 AmATEHRoEEE
5 0.04 0.83 100. 00 Fig. 1 Scatter plots of the first two principal components

x4 BESEEREMR

Table 4 Components of the factor matrix

in the principal component analysis
LA R D E A AR B, L CON120 .GPP (GP
THYZ AL A3 HT R ] -

NSP . SISP $8%5 A H 7% & #6471

£ J53 Component
. - ~ S TS AAE AR A A R ST
L S5 Conl20 -0.231 ~0.276 YN 5 R E A G # R (P < 0.001) (£ 5) .
s G o 01 Cooss {51 A GPP Akt , A0 4 R (L4111 0. 006 ( %
¢ sisp o 02 0 o0o 6) , H I ¥EHE CON120 ,GP NSP SISP 75 4t Jy Xk it
st or o oo LK RE 18 B, 55 £ 5K E ) 00 1 0115 2
T NSP 0,281 o157 Y=-0.6054 +1.374X — 1.335X ;o0 + 1.493Xsp +
0. 675X s 0
xS BHEEASHBEEEANTESN
Table 6 Analysis of ANOVA in the fitting process of stepwise regression analysis
TR A R B
- Unstandardized coefficient PR e
Model FrfEiR Standar(-hzed ' Significance
B PRELR coefficient
Std. error
1 Constant -1.168 0. 044 —-26.834 0
GP 2.440 0.077 0.913 31.513 0
2 Constant -0.274 0. 065 -4.242 0
GP 1.740 0. 069 0. 651 25.239 0
CON20 -1.727 0.111 -0.400 —-15. 496 0
3 Constant -0.587 0.042 —13.845 0
GP 1. 845 0.042 0. 691 44. 069 0
CON20 -1.438 0. 069 -0.333 —-20. 898 0
SISP 1. 306 0.070 0. 225 18. 655 0
4 Constant -0. 604 0.019 -31.426 0
GP 1.374 0. 026 0.514 53.813 0
CON20 -1.335 0. 031 -0.309 —42.487 0
SISP 1.493 0.032 0.257 46. 005 0
NSP 0. 675 0. 025 0.243 27. 546 0
5 Constant -0.597 0 —-26482. 641 0
GP 0.752 0 0. 281 12474. 180 0
CON20 -1.334 0 -0.309 -36192.312 0
SISP 1.543 0 0. 265 40276. 924 0
NSP 0.599 0 0.216 20315. 575 0
GPP 0.730 0 0. 266 11901. 814 0
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Table 5 Summary of stepwise regression analysis model
H7Y R R FRIFEAf T A i 22
R R? Std. error of F P
Model Adjusted R? )
the estimate
1 0.913 a 0.834 0. 833 0.323 993. 087 0
2 0.962 b 0.925 0.924 0.217 240. 142 0
3 0.986 ¢ 0.973 0.973 0.131 348. 025 0
4 0.997 d 0.99%4 0. 994 0. 059 758.770 0
5 1.000 e 1. 000 1. 000 0 141653171. 700 0

SISP

2.4

a: WA (%) GP; b HlillAL 4t (F4k) GP, CONI20; c. Pilill &+t (#4k) GP, CONI120, SISP; d. il &4t (#4k) GP, CONI20,

, NSP; e FiiliZs & (% 4%) GP, CONI120, SISP, NSP, GPP,

a:Predictors ( Constant) GP; b:Predictors ( Constant) GP, CON120; c:Predictors ( Constant) GP, CON120, SISP; d:Predictors ( Constant) GP,
CONI120, SISP, NSP; e:Predictors ( Constant) GP, CON120, SISP, NSP, GPP.

AEEBKXEFHRMFIRKENEES LR
ARG L3453 Tl 15 7K BE g B0 (] 9 05 A 3155 45 44

KA TR RE IR Y, I 3 Ja o6 B0 55045 i
JECA 0 SR T R U L, SR e AR I i 52 7K ) Kl 7
PRIERE AN [) 487 173 K 45 b R 352 7K BE 7 VA 26 A 45 2R
FW I ATV B R AR U B AE )
0. 885 10. 748, &= F Fr A3 Fi o 09 #4718 0. 624, H:
R B RPRE U S E AR T BT A Ff B, A el R
SRR U B (E R /N IR A PR ¥R 7K B EE

®7

FE I3 25. 00% F118. 75% |, 1. P4 FI AR 2 Fb
FErh AR RIS T PR G (R T) 6

W kTR 2 () ZDD16876 .ZDD22124 %5 15
Py RGA B, A 6 R FH 08, o BT g B
19 40. 00% , >k H )7 G RN BT 23 B 3 0, 1
RN EA 2 . THRIKRE ST BRI AR B AR
BAOFN BT ZDD16876 (K 8) . HEF 11 SHIER
8 B UE4 514 0. 975 F10. 937, 3575 15 44 “Tif”
KONk

ZEIEREN 200 PR EMRFRM FIRKEELER

Table 7 The seed flooding tolerance identification result of 200 soybean germplasm

resources using comprehensive index method

i 12 7K 9 531
Ay T B4 U 1 Seed-flooding tolerance grade R1{H
Province Germplasm number Mean of U R value
3 5 7 9

f@ % Fujian 10 0.484 3 6 1 0 0
J"Z< Guangdong 31 0.574 7 14 7 3 9.68
J 74 Guangxi 32 0. 748 3 8 15 6 18.75
#F g Hainan 8 0. 885 0 0 6 2 25. 00
i Hunan 70 0. 586 18 17 30 3 4.29

YL.VY Jiangxi 19 0.518 5 9 4 0 0
pu)il Sichuan 30 0.576 9 11 9 1 3.33

¥J{H Mean — 0. 624 — — — — —
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&8 15 HRKEANA 9 R KEMERE IR

Table 8 15 seed-flooding tolerance soybean germplasms of tolerance level 9

Fift 5t Hy g2 Al Tl e 1, UfH . - . .
Germplasm Province Germplasm type Coat color U value CON120 SsP o NP
ZDD16876 I 7R LR 4 1. 000 240. 00 3.33 93.33 93.33
7ZDD22124 i) LR 1 0.992 258. 00 3.33 93.33 93.33

SVi1 i) C 1 0.975 209. 13 1. 67 93.33 81. 67
ZDD16874 & LR 4 0.971 277.00 6. 67 90. 00 83.33
ZDD22132 iz LR 3 0.971 280. 00 63.33 36. 67 0

H54 bt C 1 0.951 270. 00 6. 67 93.33 66. 67
ZDD17227 i} LR 1 0.949 260. 00 6.67 86. 67 76. 67

SV8 i} C 1 0.937 321.00 6. 67 87.78 81.11
ZDD16877 &K LR 4 0.932 317.00 6.67 86. 67 80. 00
ZDD14738 iz LR 1 0.931 258. 00 10. 00 80. 00 70. 00
ZDD17009 i} LR 1 0.930 305. 00 0. 00 100. 00 73.33
ZDD13330 o LR 1 0.923 330. 00 30. 00 60. 00 53.33
ZDD17125 i} LR 1 0.921 255.00 6.67 86. 67 63.33
ZDD06814 i) LR 2 0.918 292. 00 13.33 80. 00 60. 00

H19 Vet C 1 0.918 254. 00 0. 00 86. 67 83.33

LR: M5 st C: BRI (R -
LR: Landrace; C:Cultivar (line).

2.5 FEEBXESMEFFHIZKEES LR

200 3 K G AR S IR, b SRR R E R A
(A ZR) “Mt” GO IKFP A 11 43 F 4y, 4300 o
AT 6.88% F110.00% . Hb 7 AR K454
B U ¥{E R 0.614, F K S F (5 8R) 1k
0.591 %5 M1 7K 5 7 H 5k A e 553 04 9 3 K
B ZDD16876 1 ZDD14695 3k [ F Hb J7 i Flr
Moy SRR TR IE T AR IR A R K 2R 5 R
U BB, oA 0. 767 IR Z 20 T V8, 46 # AL 75

R TREAGKXEMTT @A

BEAR . TR KFP R LR AR s, A 50. 00% , H
UCHT P, 15.38% , 48 EE VLYY 7 i A e ot v
AR ILTH” R REFT(FEI) o
KEHFRMFI(HR) EZRA TS A AAM
15/, 3 A E U (R THZ K ZE B350 U 3
ER/NT Ky e > TP > T4, Mg M) 7
TR G AR (R ) B 2 4y, i i A A
B FR AR ) 19 25.00% F133.33% . T ARE K
Al (5 2R ) HR DL TR G K SRR (R 10)

SARMRKENEEER

Table 9 The comprehensive tolerance identification result of soybean landraces from different province
- it 7K 253
Ay Bk U HfE . . R {8
Seed-flooding tolerance grade
Province Germplasm number Mean of U R value
3 5 7 9

fE#E Fujian 10 0. 484 3 6 1 0 0
J7 7R Guangdong 6 0.767 1 1 1 3 50. 00
]V Guangxi 26 0.749 2 7 13 4 15.38

#FFd Hainan 0 — — — — — —
17 Hunan 69 0.592 17 17 30 3 4.35

YI.VPY Jiangxi 19 0.518 5 9 4 0 0
PYJI| Sichuan 30 0.576 9 11 9 1 3.33

{8 Mean 0.614
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Table 10 The comprehensive tolerance identification result of soybean cultivars (lines) from different provinces

Tif ¥ 7K 8531
#lr PR Ut Seed-flooding tolerance grade Rt
Province Germplasm number Mean of U R value
1 3 5 7 9
JEE Fujian 0 — — — — — — —
J” % Guangdong 25 0.528 0 6 13 6 0 0
J 74 Guangxi 6 0.747 0 1 1 2 2 33.33
13 F§ Hainan 8 0. 885 0 0 0 6 2 25.00
5 Hunan 1 0. 204 0 1 0 0 0 0
VL7 Jiangxi 0 — — — _ _ _ _
POJI] Sichuan 0 — — — — — — —
H4J{E Mean 0.591
3 W ® WO A 5 A S AP Hou 2657 DL 2%
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3.2 KEMiRKEEHEEIER

T HE— AN SR AR A R 2 AR BB, —
A ZAWLIMMEL AT FE AR B0 T P 4 3, AR B0 A 7 5
L PEAR N B LI AT W5 o G 2 P S F) Ao
JoIST 3 7 306 4% 5 A 7 DDA 5 Y % B — 1 2 L N
{BL, Wb BT HEA TR M 505 PP AN I DU 75 2 255 2 WL

SRR, DA 730 3 AR H A 20 SR K R
Pl T, Sayama 2578 L% ZF RN H W R NS R KG
MF] 4 A KGR 1= KA &0 QTL, X Hi 7
SRR R KGR T8 2R s hriise T —
A~ RIL BEAR TP, AL 2570 % BRI K 48 h 5K
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