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Effects of Drought Stress on Seed Germination and Evaluation of Drought
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Abstract: To study the effect of drought stress on the seed germination of stay-green soybean, the germination characteristics
of different soybean seeds were compared and analyzed under PEG osmotic stress, and their drought resistance were evaluated
comprehensively. The results showed that the stay-green soybean could maintain higher water absorption rate in the middle and
late stage of PEG stress, and the time of loss water delayed 6 — 12 h compared with the common variety Jinda 74. PEG osmotic
stress significantly reduced the germination rate, germination energy, radicle length, hypocotyl length, radicle dry (fresh)
weight and the storage substance transportation rate of soybean seeds. Stay-green mutant sig had the highest water absorption
rate but the weakest germination rate under PEG osmotic stress. The relative germination energy, relative germination rate and
relative germination index of M9 were all higher than those of the other varieties (lines). The root elongation of the common
variety Jinda 74 was the most affected by PEG osmotic stress, and the relative hypocotyl length and relative radicle length were
significantly lower than those of the other varieties (lines). The relative radicle length and relative radicle length/relative
hypocotyl length ratio of Jinda stay-green 1 were 0.82 and 2. 38 respectively, significantly higher than those of the other
varieties (lines), indicating that it priority to promoted radicle elongation under PEG siress. The evaluation on drought
resistance using subordinate function values showed that stay-green was a type of strong drought resistance and Jinda stay-green
1 was a type of medium drought resistance. The results of this study are significant to the soybean germplasm innovation and
the breeding of drought-resistant varieties.
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Table 1 The characters of different soybean varieties ( lines)

Al (&) I PR ) ol 2 31 65, FuEifE I A i
Varieties( lines) Leaf shade Flower colour Seed colour Cotyledon colour Stay green or not
Z1 PEFIE SR £S5 £ =
JD74 B[ JE it b H o
stg PeEHIE E il oS 7t 2
M3 R [EE SR # # w
M9 o i) E- i) % % 2
Mi2 WEHE %, E=S £ 2

L2 {Eigit

RERER /N &) — B0 Fb Bz TOR 0 i b 7, e e
Ja H 5% W ATRENIHBE 40 s, ZRRK Wik T4 e,
AR T M A Ay, BT EHA R 12.5 em RFFR]L
rh SR AR & 2R, DISUZ I8 4R & 2K, I
m— 2 e,

Ff 702 AR 5, B 30 A 18R5SR Lo, AR
BTE,4UKMA 25 mL 25% (W/V) PEG 6000 %
WL ARG IR A, I B e A 25 C L FR2E 60 h,
3 WHE, FFHTERTRIKR,

P Al g, B 10 RLAh 8 F Ry b,
A 25 mL 15% (W/V) PEG 6000 ¥ JEF7 7K 43 Bl
HAEE LRI AL TR X R (CK) 3 REE .
K ihFR LA ORI R4 1,25 C/14 h (AIR),
15 C/10 h (&) , BRI 7 LB &%, IfE
# PEG 7K 2 I, B FIAR R BE /Y PEG 6000 %
WA 52 2 R ARV , A DR B2 b1 78 &2 24 1 1] 445 2
TR T A5, Fh &K 2 K6, B RS

THAZFA B, U ZF R Wb B2 2 mm Sy R 2 bR ifE o
BRI , BNk 5 ARl a5 ARAR A T iRgh
K, FREMRZFA AR B E, T 248 i R PR it 4%
AT, SRR B, 6l 2 AR RS
a (R) TP R LRSI .
1.3 MEMBSEAZ®
L3.1 FFRAKE KREURFER6hFEL KX,
THRWAK R, WAKE(%) = (FFEE -FFT
) /FpfTH x 100,
1.3.2 #FHLAMMEEK 5 KREH LR H
8 Rguitk g™ AR N:

K ZFEH (Germination Energy, GE/% ) = (55
KIEH KR % Bl 740 x 100

K3 ( Germination Rate, GR/% ) = (1E%
BT HY AR T ED) x 100

B & 45 %0 ( Germination Index, GI) =Y ( Gt/
Di)

A, G Ryitla] ¢ H 89 5 2F 5, De A 0 %
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FHHARAXHEAE PR R Ehi YRy 3 4808, 4H
XHE R PEG A3 AE/XF BEAE ., 7 5 A0 X & 2F 3
( Relative Germination Energy, RGE) . #H %} & 2f 3
(Relative Germination Rate, RGR) . #H Xt T & &l &
( Relative Hepocotyle Length, RHL) F1AH % i fE (&
(Relative Radicle Length, RRL) . W & 8 #0149 AH %t
1B M 5 % P 5 % %% ( Relative Germination Index,
RGI) , JR AR/ IR Al i) A8 GH(E A BR AR/ T I il 48 4k
(Relative Radide Length/Relative Hypocotyls Length,
RRL/RHL) ,
1.3.3 RFWEEIFN  FEBUARXS & 2 XS &
ZEER M IRAR A BT A DT B R BRI AR/ T RS 45
B 5 NS RGZFHH RS U X M8, TR
B MR A R JE R EE L LB SR (R) B9
SRIBME, WA FR G R () 2R bt R a8 1 #1745
G . SRR RECTR A

Rij =Xz'j = Kl Ko =Ko

RN A AR AR MR Y SRR s AL
B, 80 ~1; X M5 i e j A HIRIE, X, R
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Kb, n AS 55RO ER R, N i A
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1 ohsapr 2, PR JEE RN 0.8 ~1.0;

2 P EHRRL, SRR 0.6 ~0. 8

3 ok haIA P ESREE R 0.4 ~0.6;

4 R T R EEURA PR IE(E R 0.2 ~0. 4;

5 N T FEAURA PR IE[E N 0 ~0.2,
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Fig. 1 Changes of water absorption rate of soybean

under PEG osmotic stress
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Table 2 Effects of PEG stress on germination energy and germination rate

() b R AARS % 23 KA AR % 2 R TR (LAY
Variety (line) Treatment GE/% RGE GR/ % RGR Gl RGI
stg CK 26.7+3.3f 32.2+3.9¢f 2.81+0.49 ¢
0.13+0.02 e 0.21+0.02 b 0.14 +0.02 ¢
PEG 3.320.0 ¢ 6.7+0.0 ¢ 0.40£0.03 f
71 CK 92.2 +5.1a 96.7 +5.8 a 12.32+1.02 a
0.73 +0.09 b 0.83 +0.06 a 0.42+0.03 b
PEG 66.7 6.7 ed 80.0+3.3 cd 5.18 £0. 54 cd
D74 CK 88.9+5.1a 93.3+3.3 ab 12.43£1.02 a
0.63 +0.06 cd 0.88 £0.07 a 0.41 +0.05 b
PEG 55.6+7.7 ¢ 82.2+6.9 cd 5.09 +0.47 cd
M3 CK 85.6+10.2 a 88.9 +6.9 abc 12.14 £0.91 a
0.60 +£0.03 d 0.87 £0.07 a 0.40 0. 06 b
PEG 51.1+8.4 ¢ 76.7 +3.3 de 4.85+0.38d
M9 CK 86.7+0.0 a 87.8+1.9 he 11,73 2032 a
0.85+0.07 a 0.95+0.006 a 0.52+0.03 a
PEG 73..3 £5.8 be 83.3+3.3 cd 6.04 +0.26 ¢
Mi2 CK 81.1%6.9 ab 84.4 £6.9 cd 10.31 £0.46 b
0.70 +0.03 be 0.85+0.09 a 0.46 +0.02 ab
PEG 56.7 £3.3 de 71.1£5.0 e 4.73£0.11d
[FBIARANEG F R R 2R B (P <0.05) , T,
Different lowercase in the same column indicate significant difference( P <0.05). The same below.
2.3 PEG BiB33 k= ARIRFN T BRHh &£ K B 2200 0.41, BE/N Tk 21 AL E SRR

HRIEAVEDIRSK i EE 2w, 0 T 28
i o7 b A R, AR 2R A R PE LS s S P R )
AR, 3 45 ER,PEG Bia B A T oK
SR AR A, CK &M T, & B 5 FR
ID74 B RRRC R IRAR K R ok, HokoO2 21, raa Ak
IS, ID74 FHXT R A A 0.26, 40 X AR K

JEACah A, Ui W i 4 38) ID74 *E,%EMEF'&%H?&Z%X
PEG B & MHE KR iR R . sk ah it Z1 AN IRAR
Kﬂﬂﬂ@?ﬂﬁﬂﬁ‘éﬁﬁ%ﬂ% 0.85 #12.38, B3¥& K

Hemfs (&), RV PEC MHa &4 T2tk
ﬁﬁfﬂiﬂ%%ﬁ]k,ﬁﬂTﬁ#?ﬂﬁﬂﬁiﬁgﬁﬁmﬁo

%3 PEG MBS K2 EEARFN T FEH A4 < 00 %2 0
Table 3 Effects of PEG stress on the growth of radicle and hypocotyls

IS AR T iR
il (FR) pUsE e FEPOMNER IS JINiES'S ARXH IR S JEAR/ T Rl p—
hocotyls
Variety ( line) Treatment apaecy RHL Radicle length/em RRL RL/HL "
length/cm RRL/RHL
ID74 CK 7.24 £0.47 a 4.24£0.39 a 0.59 +0.08 d
0.26 +0.02 ¢ 0.41 +0. 11 ¢ 1.60 £0.39 ¢
15% PEG 1.87 0. 19 ¢ 1.72 +0.29 e 0.92 +0. 15 bed
Z1 CK 5.37+0.79 b 2.92+0.43 b 0.55+0.08 d
0.36 £0.03 be 0.85+0.18 a 2.38+0.64 a
15% PEG 1.96 £0.41 e 2.40 £0.23 ¢ 1.30 +£0.39 ab
M3 CK 2.36 £0.04 de 1.78 £0.46 de 0.76 £0.19 cd
0.51+0.05 a 0.76 +0.22 ab 1.50+0.43 ¢
15% PEG 1.21 £0.13 f 1.30 £0. 16 e 1.09 +0. 21 abe
M9 CK 2.72 +0.34 cd 2.22 +0.44 od 0.84 +0.25 cd
0.46 0. 15 ab 0.75 +0. 13 ab 1.82x0.96 b
15% PEG 1.23£0.32 1.66 £0.42 e 1.45+0.65 a
Mi2 CK 3.08+0.52 ¢ 2.26 +0. 21 ed 0.75 +0. 11 cd
0.40 +0. 10 ab 0.57 0. 14 be 1.49 £0.53 ¢
15% PEG 1.20 =0.09 1.28 +0.28 ¢ 1.08 =0. 27 abe
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IR FE 12 RO R CK 28 F R 9 74% , 21 T MI12 4

Hat 90% ,Hoe 2 N AR G AU &R M3 M9 I
Y s et CK, 25 R R W], PEG 38 X A
[ 35 PR AR S 1 2 KA BRI 25 57, il & it o
(FR) R R TE M0 A0 2 b AR R B2 XT38 30 7
ID74, FF R T M 0584 A e B 45 AR
FHOLAE 3mSR K, DORIRE 21
KA¥o
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Table 4 Effect of PEG stress on the transportation ratio of storage substance

v ) FERSIE 5 B
g ’ I I e A R o
JAAR e T AR RS AR ff o AR T3 A AR . ) s
L ED) k3 I'ransportation
Fresh weight Relative fresh Dry weight Relative dry Relative transportation
Varity(line) Treatment ratio of storage
of root/g weight of root of root/g weight of root ratio of slorage
substance/ %
substance
D74 CK 0.353 +0.04 a 0.027 £0. 002 a 20.1+1.1a
0.234 £0.010 d 0.442 +£0.032 ¢ 0.74 £0.05 ¢
15%PEG  0.083 =0.008 e 0.012 £0. 000 cd 14.1 £0.7 be
71 CK 0.266 +0. 023 b 0.024 0. 003 b 14.9+1.5b
0.337 £0.015 b 0.446 +0.007 ¢ 0.92+0.08 b
15%PEG  0.092 £0.005 e 0.011 £0. 001 d 13.6 0.2 be
M3 CK 0. 136 £0. 009 d 0.010 £0. 001 d 7.3xl.4e
0.413 £0.024 a 0.643 +0.032 a 1.57 +0.08 a
15%PEG  0.057 0. 007 [g 0.007 £0. 001 e 11.7 £0.5 bed
M9 CK 0. 169 +0. 016 ¢ 0.014 0. 001 ¢ 9.4 £0.9 de
0.319 £0. 005 b 0.409 £0.017 ¢ 1.47 £0.25 a
15% PEG  0.051 0. 006 fg 0.006 0. 000 e 13.7 £1.4 be
Mi2 CK 0.176 0. 021 ¢ 0.011 £0. 001 cd 10.9£5.1 ed
0.274 +0.021 ¢ 0.555 +0.019 b 0.95+0.34 b
15%PEG  0.048 +0.002 g 0. 006 +0. 000 e 12.3 0.2 bed

2.5 BHERPREHEESEMN
Fanfh (R ) SRR R BEIZER 5 fron, #ir s K e
Al Z1 A5 JE AR M9 F-EIsR R E R T 0. 80, 5tk

PUEAA M3 PSR R 0. 61, JB B BT K
B JD74 1 MI12 SEXIRIEAE R 0.4 ~0.6 Z[H], Ry Hr
FLRSEA,

x5 WEBRHREZMERRESR

Table 5 The subordinate function values of the germination indexes and evaluation on drought-resistance

Al () AR RZER AHXRZFS MIXPEARK WRHIR RS R/ TR ¥yfH 5
Variety (line) RGR RGE RRI. RGI RRL/RHL Average Rank
074 0.91 0.69 0.00 0.74 0.12 0.49 3
71 0. 84 0.83 1.00 0.71 1.00 0.88 1
M3 0.89 0.65 0. 80 0.68 0.01 0.61 2
M9 1.00 1.00 0.77 1.00 0.37 0.83 1
Mi2 0.86 0.80 0.36 0. 84 0.00 0.57 3
3 W ® RIS RBCE R R . AT R

P58 & B BOR HEAT R B0 5 PR T ST AR A
FLHBE, AT LG A I AT R e Rl
FIR K 3 2 T S LA B AR e
— R UL, TR SR B VR 9 bl B K R, 1R T
ST RERS R A2 BN S 2R AR I R 2R

R, PEG BRa gy, i k8 A stg LHZAZIR R Z1
P WKCH AR T W LR A JD74; 8 S R, —
FHWKAES IG5, I HLIIK A1 JD74 $EIR 6 ~ 12 h,
TR I AR stg FAEFAC 3 AR R Y, W a i &
M12 WK ApR 2K BE 77 B 5, 2 HE I A 2R A
Beo MeAh, R A B R TR R TR  2F
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JH R 2FRAE CK 1 PEG AbPEB 2 FE B, 455
W, Wi sk SR (R 78 07 A 30 EL A 300 i LA
TEMErEET

b 1A A A It PN £ R il 3 3 0 42 IR
VIR A, KR bR ORE F B ey R AR,
IR 12 BN IR ol IR 28 45 AR K RE RS p 37, 12
PE PR A AR P & T . S AT LA
MR G & I IR 2R EM K AR T G545, H
SRV e N1 5 QA R AR i1 e =N 7 S
TERY RS RAL SR, (2 R R MR
LM E R A K R, R IA R FR
32 1R ) ) o e s R 5 D 1) it 5 R T SR B
TEARE . ARBFSY M, PEG A T AR K 5.5
(R ) AR PR S 35 K T AH X T iRdh <, Jf AR
H/ T IR ELE T CK Ab 3, A i Ab 2 87 4
FIF AR i, San AWFaR 45 S — 8, Hop, o
LN Z1 FEX FEAR K IR AR/ R R4S S A, A8
X M e/, R HAE PEG e AR T AR A Y
R SR, AA T E oK 5. 1ok, PEG
B ALIETR B ID74 SR Rl (R ) A I
fhin RERAR &, LRI SR R AR E stg B R
F M3 1 M9 Wi i im R H =t CK b3, X
ATRETR TR E AR B Bl A 45 5 .

YEY BB 2 14 2 Tsk 22 3 DR 48 1l 1 4 1
R BRI AR Es & R R R S R AT 4
A, AR EP B LW, T REMa s TR
R0 A& A HIE R BLE 24 ek L, 9 5451
HARZ 6 AR 22 Rl kB R, R RBE
ZANPUR AR R B E TS, AT LA 4
TATFER B A 25 i B AU BT 2, IF ELR S be 2 M i
PRI ATEEPE Y AT BUM X 4 2E 3 AR & 2F
AR K L A b 5 R BRI AR R IRl 48 2
E5 NS REFHBTR MR VA B8 6R, R SR
J& PRI BT T B, S R T R ZE A B R AT
TR SR RIS T 21 fEZE LR BB
FRemo . HEARE K74 K B5E TPl iE
Jio ZEA MR B B HE)T SRR, &0l SRR A
1A stg 228 Je BEH S KSR 1 5 R AL RO

UHLFRE#3) T ot — 2w, JF HRA THsrs
AP — B R AR B, X TR S B B R AR
A oA ROEA HEA BE R S B S, (HR
PR —AERETRHYNTIREARAREN LT
R R T AR ] R T 5 P R W R A 40 7
AE I RIS L R W EA ZRAE . A%
XEAN TR R R R K G i Bl ( 32 ) 76 PEG Bihie B B8 &
PR T T3 LA, o 2R WA TR b ( 2R ) B9 BT
FPESEAT T ER A AT, A5 R TR A R B A
BRI EA —E 2% B 3 IR A R
BT HGURRE S A3 55, F ) S i e SR AN T
KRG T RE T (M A A Rt — AL BT o

4 &

LR LR  Hir Sk R ALK stg AE PEG BT+ 5
18 R R Y WK R OR K RE T, B 2R
o MR RN K Sk 1 5 i ek i A
JAARELZ M9 7E PEG [P 25T, 7 K A DL
AERT 2 2 3 AR IRAR G IR AR/ T JVR Al 4 %5 I sk
Yy im 55 2 AR A1 24 835 K T 0 AL Fh
74, LSRR PR R XS A RO T AL Al (R ) #EAT 2
IR E IO RS R R RSk 1 5 H M9
PP mpr 2AeB  ER 74 LR an

S 30k
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