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Abstract: In order to identify the drought-tolerant types of mini core germplasms at adult stage, screen drought-tolerant
germplasm resources, and provide elite materials for drought tolerance gene discovery and soybean cultivars improvement. This
study evaluated and analysised 247 soybean mini-core accessions for drought tolerance in the dry season of Hainan in 2017 —
2018 and 2018 —2019 with three methods of drought tolerance coefficient, weighted drought tolerance coefficient and maximin-
minimax. The results showed that the seed weight per plant, pods per plant and plant height under drought stress treatment
decreased significantly compared with normal irrigation treatment, and the ANOVA showed that genotype were all significant
for each trait. Phenotypic correlation analysis showed drought tolerance coefficient was positive correlation to weighted drought
tolerance coefficient. 11,30 and 37 accessions with high tolerance were selected in 2017 —2018,2018 - 2019 and two years
jointly by using drought tolerance coefficient method, 12, 20 and 23 accessions with high tolerance were selected by weighted
drought tolerance coefficient method. Two accessions with high tolerance, including Taixingniumaohuangyi (ZDD04620) and
Xiaoyuanhuangdou (ZDD08564) were identified by the two methods. Seven accessions with high-yield and drought-tolerant
were screened by maximin-minimax method, including Heihe 1 ( ZDD00041 ), Dabaipi ( ZDD02866 ), Dalihuang
(ZDD06363 ), Yangtianxiachuangdou (ZDD08190), Chichenglyuhuangdou (ZDD08238), Shiyuehuang (ZDD12400) and
Shifangluosidou (ZDD12836).
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Table 1 Relevant data of tested accessions in different treatments
2018 2019
gL A
Troatment Variable Mgk d HbRIERL R Mo ARRIERL P
SWP/g PP PH/em SWP/g PP PH/cm
+5 #%/IMiE Min. 0.17 1.33 11.50 1.11 4.40 11.33
Drought KAl Max. 8. 66 62.20 61.10 15. 68 238. 13 87. 80
{& Average 4.13 16. 86 24.22 4.52 17.02 32. 14
trUEZE SD 1.78 7.39 6.73 2.48 16. 40 10. 14
AR RECV/ % 43. 04 43. 86 27.79 34.21 59. 69 30. 36
K #%/MHE Min. 0.15 1.20 12.41 0. 84 3.17 16.03
Normal irrigation % KAH Max. 11. 80 43.90 63.45 34.97 71.30 105. 37
Y{E Average 4.52 17.02 26.98 8.70 27.57 33.39
triEZE SD 2.40 8.37 7.78 3.75 10. 74 10. 96
SRR BCV/ % 53.14 49.18 28. 84 43. 11 38.95 34.10
"N F&IR B Decreased range/ % 8.63 10. 23 0.94 16. 67 3.89 0.36

SWP: Bl 2 PP SR SEH PH MRS . T I

SWP: Seed weight per plant; PP; Pods number per plant; PH: Plant height. The same below.

2.1.2 KERELBKRNAGZFIEFRESIH HE
2 L3 AT R ) 25 S B AR SRR
BIAE K (27.79 ~59.69) , F WA BT M AE7E R F 3 1Y
WAL AR S N [A) F1 A2 (A PR ] SR x AR BE B4R
B35 25 Sl . 3 . DRI, AR AR R A W 4F BLUP f
PRI, AT IR 2250 HT

2.2 ARESEFHREROELRSITREXES
2.2.1 @ FRgEAR ARG oA hE 3 AL
2018 F1 2019 4 J Wi 4F FE 1k & ( BLUP) fiif 5 22 511

SEHIE SRR 1.15,0. 88 F10. 87,28 F 3 [l 40 3l A
0.21 ~10.33.0.22 ~2.01 10.33 ~ 1. 35; ki 5
REPEEME S R 1.21,1.01 A1 1,01, 28 Sy
435109 0. 53 ~9.97 0. 54 ~3.63 f10.67 ~2.31; Wi
AR WK 5 RRR R EE 0 3R 4 i A 7,03 A
6. 02,75 5 95 Bl 4 By 2.07 ~ 18.24 F1 1.53 ~
11,98, P/ AbFRT 5 R A 5 22 FORT SRR
AR Z KL N 16. 00% ~ 88. 88%
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Table 2 Joint analysis of variance in 2018 and 2019

. B il
PEIR i ‘ 5
Degree of Sum of F P
Trait Source Mean square
freedom square
LS AT T4 Repeat 2 6496. 59 3248.29 538.30 <0. 0001
SWP Kb Treatment 1 634.93 634. 93 105. 22 <0.0001
A4y Year 1 3894. 30 3894. 30 645. 35 <0.0001
F 5T Germplasmt 246 13612. 40 55.33 9.17 <0. 0001
FhST x AbHE x AFAy
245 1216. 08 4.96 0.82 0.9733
Germplasmt x Treatment x Year
FARRSERL &% Repeat 2 41127. 07 20563. 54 103. 19 <0.0001
PP Kb 3 Treatment 1 2.36 2.36 0.01 0.9133
4y Year 1 37456. 41 37456. 41 187. 96 <0.0001
5t Germplasmt 246 208360. 65 846.99 4.25 <0.0001
P x AL BE x 407y
245 33397. 40 136. 32 0. 68 0. 9999
Germplasmt x Treatment x Year
R H4Z Repeat 2 21845.07 10922. 53 180. 60 <0.0001
PH Kb 3 Treatment 1 50.71 50.71 0. 84 0. 3600
4y Year 1 18031. 70 18031. 70 298. 15 <0.0001
F 5 Germplasm 246 166923. 77 678. 55 11.22 <0.0001
i x AbFH x 454y
245 12296. 81 50. 19 0. 83 0.9674

Germplasm x Treatment X Year

£33 WMEIENSHEREITSF

Table 3 Statistical analysis of drought tolerance parameters

ARGy g GIET N ¥fE brifE2E BT

Year Variable Range of variation Mean SD CV/ %
2018 iii$ 5 2 % DC 0.21 ~10.33 .15 1.02 88. 88
TIAL i 52 22 % WDC 0.53 ~9.97 1.21 1.01 83. 65
2019 i 5 2%k DC 0.22 ~2.01 0. 88 0.22 24. 80
JINAL it 54 22 % WDC 0.54 ~3.63 1.01 0.27 26. 45
PHAERE S it 5~ &%k DC 0.33 ~1.35 0.87 0.14 16. 00
Two years jointly AL R &% WDC 0.67 ~2.31 1. 01 0.20 19. 80

TE i HE AR B Ao
2.07 ~18.24 7.03 2.24 31. 84

SWP under normal irrigation

RSN S Gy

1.53 ~11.98 6.02 1.76 29.22

SWP under drought stress

2,22 wFRIEREERETOMXES B Bl TR R KA R B R R R A R
4 A[H1,2018 12019 4R R AR R b, TR R TR AR B AU AR R A AR AR IR
10 AR P IE R K AL BN ARRRL I AEAEAR R MO, A SE R Bl O 0.97,0.60 Al 0.45 (P <
IEARSG, MESC R B9 4 0.76,0.73 A10.82(P < 0.001) , i A g A A AR iin 52 28 H0 DALAS [l 1R
0.001) , i W &0 2k + 5 p i AL BREA BRI T g B T 5 RO At A T WA A i 4521
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Table 4 Correlation coefficients between drought tolerance parameters

A IEH K Bk B
fif 5L B DC AT 8 WDC s
Year SWP under normal irrigation
2018 AL - F % WDC 0.97*""
A bR N .
-0.43 -0.43""

SWP under normal irrigation

RS ELRY oA
-0.11 -0.15 0.76***
SWP under drought stress
2019 s 5 % ¥ WDC 0.60"**
TEFHEK ok .
-0.50 """ -0.24" "
SWP under normal irrigation
DAY STERE R AT
BBk 0.06 0.05 0.73% "
SWP under drought stress
[feR Sey AR 5 £ WDC 0.457 "
Two years jointly TE B K Bk R ‘
-0.34* " -0.60" " "
SWP under normal irrigation
T E ok
0.22** -0.417"" 0.82"**

SWP under drought stress

SWP: HUpoRI T ; * * RIRTE 0. 01 K- L ARG, ™ 7 R AE 0. 001 7K 1 A5G

* ok ok

SWP: Seed weight per plant; * * indicates significant relationship at 0. 01 level; indicates significant relationship at 0. 001 level.

2.3 R R IFIE (ZDD08564 ) Fil%g jz 5 7 (ZDD19027 ) 5 F| HI A ifit
2.3.1 A TatF R2Eokfemnt F 2 BREF B RE2018 4F 2019 A K AR 2 BRI el B 48
AR R 5 R BCOMAL 5 R 8GR E 4000 12 43 .20 £ Fi 23 Gy, H v 3 [ 5 T A o
PR S B R 5 A () o RIS 2 43, 53 R 28 2% 4 ¥ £, (ZDD04620) Fl/N 8] # 5
FRE,2018 42019 4F R 4R LI A s it AP Bk (ZDD08564 ) i 5 28 B0 A it 52 R B A 1
S 11 5y (30 4y F0 37 £y, Hovp e W @i A i et R B A 2y, nl h BE N B E L
3407, o 28 244 BB £ (ZDD04620 ) /N[5 B G (ZDD04620 ) FI/N 5 # 5 ( ZDD08564 ) .

A 180 02018 170 B 180 02018 162
160F =2019 160 f = 2019
1401 ®WPAFIRE 140 1 W PIFIRG 32
_d;ﬁ 120+ Tow year jointly _g 120 Tow year jointly 20
ZE 100 5 100
& 801 & 80
< 60t < 60
b 30 333636 40 53382 236 y
a (0N a
20 1 20 12 =
0 0 _E- 0
HT T MT S HS HT T MT S HS
it At S iR AP A
Drought tolerance level Drought tolerance level

AT SRR 5 B e AU 5 2R Bk s HT i i 5 T s T #if 5 S - e URR HS - fiUk.
A Drought tolerance coefficient; B Weighted drought tolerance coefficient; HT: Highly tolerant; T: Tolerant; MT; Medium
tolerant; S: Sensitive; HS: highly sensitive.
1 EFmEREEFNNGEREGELEEN AR SR 2 RS
Fig. 1 Distribution of drought resistant accessions by DC and WDC
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2.3.2 A THMAEEFFEHRFARELT KN
HEFTBESIEM B0 4 FH (K 2),2018
4 2019 A K 2 AR FE RS i R EL s A ok 171

O 173, S B 70010 51 403 44 43 H1 20 {73 5 e it
How Mgl 25 43 .5 A 14 fy, Forh Sk e 45
SE N L R R 7y, MR R LS

13 193 130 213 A5 5 =i HAK = 205120 0 47 5 £ (ZDD00041) 55 (3 5) .
A C
100 100 - 5
= 90 =90t = 188
= 80 = 80 B 80t 2® cm?
£ 2 £ e
2 50 . = 50k « = 5ol '3-.._, ‘ﬁ, t0e .
~ 40 A & 40k & 40 1 'o'cs-'.‘ °
ng 30 I 30 g 30[e 1.,
£ 205 4 20 £ 20[ * .
510 o = 10 7 10]
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AHX = R R E AR AT = R 4 AHX = R R E AR

Relative yield loss perenatage/%

A:2018 4F;B:2019 4F; C. W4EHL G o
A:2018;B:2019;C:Two years jointly.

Relative yield loss percentage/%

Relative yield loss percentage/%

B2 WMEEREFXEmMFMEERTS2ENFEE
Fig. 2 Maximin-minimax method for classification of drought tolerance and yield potential of soybean varieties
£5 2018 #2019 £ 7 MERF AT 2 M
Table 5 Drought tolerance of 7 elite germplasms in 2018 and 2019

2018 2019
Gi—H5 i Fh S Y
Unif b . . MRRE IRRERE RER IGAGEEYA
niorm number Varlety Orlgm
DC WDC DC wDC
7DD06363 Ko AT rhifi rhifi rhifi it
ZDD00041 |15 S VT LRI LRI i L)
7DD08238 IRk SOE A 0 rhifit rhifi rhifi Hhifif
7DD08190 FEH /N E ba iy i'e RN RN RN R
ZDD12836 kIR 2L 5 YRS Wil rhifi et rhifi it
ZDD02866 KH K I ARl Pt Pt rhifi Hhifif
7DD12400 +H & )i e rhifit rhifi rhifi it
2.3.3 WRHIEN TR CRAMEREGE S0 H RS T R0k TR X

AUIIASL G 52 28 005 73 ) X 7o i i 52 4 45 5 1 45 23
SRR R IEAR G (K 4) R W] 2 FOTIEE S — (2
R SR BT B e BRI R A5 R 3%, T DA
AT R T Y At ol ) TS 5P 5 T A 22 5k vh S
P A g S L g 7 Al o 47 Ak R AR R AU R 2R
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3 3 i
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SO A 7= SEBR AR o [ T [ i 5 5

TR GG SRR, R A 1 T R B T I T'ﬁ%K
ORI BB HOR L L P A REIE L Sl
FIH AR EE, 5 48 =0 T B A H R I
HFRZERKED K B 4 [ 25 M i M5B BE IE 7 A
BT BT R SRR B A SRR
3.2 WEMEIEMAE

ABIEFER 500 5 I HHE K 2 P4k B 1
P P A R PO S o R ) M A 1, AR IE
iV G OEL I e PTER O S Lol Y 7 A RN R 50
BRI ey 427 3 35 R AR T) — AR o Jo 1) 22 5 A0
o TR 5 AR BORTINAS IR 52 28 B A, 10 B Aol Jo i
FPEAAAE A B B R AL S, M T AR TR R
PSR G o R B S 22 PR 3R L R AU
— PR AN B TR A 5 B S W S B AP Y 54 55
ATFIF Z AR bR AT S5 A AT B R
B, S T B S MR A
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