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Evaluation of drought resistance of different habitats of Medicago
ruthenica seed germination stage under PEG — 6000 stress

XIAO Hong, XU Chang-lin, YU Xiao-jun, JING Yuan-yuan,
FENG Shu-fang, ZHANG Yu-qin, ZHENG Zhi-hong
( Pratacultural College , Gansu Agricultural University/ Key Laboratory of Grassland Ecosystem of Ministry of
Education/ Sino — U. S. Centers for Grazing land Ecosystem Sustainability , Lanzhou, Gansu 730070, China)

Abstract: Drought resistances were evaluated based on seeds germination stage under different osmotic potential of
polyethylene glycol (PEG 6000) among 12 accessions of Medicago ruthenicac collected from Jingtai, Longxi, Zhenyuan,
Yongchang, Tianshui, Yuzhong, Ningxian, Xiahe, Linxia and Weiyuan of Gansu Prvience, Tumote of Inner Mongolia,
and Longxian of Shanxi. The results showed that the germination rate, germination index and vigor index of M. rutheni-
ca decreased, and the growth of plumule and radical were inhibited under PEG stress. The seed germination of M.
ruthenica (Longxi) was improved by draught stress of — 0.3 MPa osmotic potential, and the relative germination index
and relative vigor index were significantly higher than other 11 materials under this concentration. The relative radical
length of M. ruthenica (Jingtai) and M. ruthenica (Tumote) were higher than others under draught stress of — 0.3
MPa osmotic potential, which showed some drought resistance. The growth of radical was seriously inhibited under high
osmotic potential stress. Based on the relative germination rate, relative germination index, relative vigor index, relative
plumule length and relative radical length, The comprehensive evaluation of 12 accessions of M. ruthenica by the subor-
dinate function method indicated that the drought resistance ability were ranked as Jingtai > Longxi > Tumote > Zhenyuan
> Yongchang > Tianshui > Yuzhong > Ningxian > Xiahe > Linxia > Longxian (from Shanxi) > Weiyuan.

Keywords: Medicago ruthenica ; seed germination; PEG stress; subordinate function
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1.1

R F &

SR R AR i Y G e I S e DR ER7 2 7
Fi% (98 % )W A 52, Kb FH 10 ~ 15 min J&5 FH /K #hik
10 min, 5 FHZER/K W BE 2 U, PRI 145 — B
PRI &K1 PEG I IVE NN T &
LR JR OB T 5. F2 8 Michel 25180 114 77 vk i
il PEG BiB# 4 -0.3,-0.6,-0.9, - 1.2,
~1.5.-1.8 MPa ¥ Wi, TEIGEFEM(EFE 12 em)
HRUZIEART B — E W NEAR , 20 A bR B %
W10 ml, Xf BRAT HIZE 080K, A R I 3 51 8 A
50 iRl ¥, BAL L 4 RER . B RSN 20°CHE
7,8 h I (9.375 ~ 15.625 pmol*m~?+s7'),16 h
B o BERE NC A7 A 2R B (LA AR B8 B o
#E) IR 78 K BI7K 5. PEG JiE
7 dJa BUE RIS —EnY 10 PR HAR 2R K

1.2

F1 A8 2 RREEMERMR
Table 1 Material of 12 populations of Medicago ruthenica seeds
b FAEH A5 HhHRAR bR IR AR
Number Collecting or introduce site Habit Geographical coordinate  Elevation/m AMP/mm
1 Hif 522 Jintai, Gansu Province i3 J%3H Terrace edge . Roadside ARPE Unknown AE Unknown 182.4
. IS
2 HlkE Linxia, Gansu Province /J,(*ﬂ,\mw - N35°42'E103°08’ 2150 537.4
Side drains , North-facing slope
R . . S UNIEET R’ .
3 Hiff B P Longxi, Gansu Province Roadside . North.facing slope N35°08' E104°24 2000 4458
4 HifrT & Ningxian, Gansu Province Hi3E Terrace edge N35°33'E107°49' 1220 572.1
5 Hl RIK Tianshui, Gansu Province i3 Terrace edge N34°27'E108°12' 1360 491.7
6 HREURE Weiyuan, Gansu Province = FE 4] Alpine meadow N56°26" E104°03" 2780 525.7
7 HNEW Xiahe, Gansu Province Hi11 JK I Roadside  Side drains N35°14'E102°49' 2510 516.0
! S
8 Hifi7K B Yongchang, Gansu Province SOIE AR . . N38°16"E101°39" 2170 185.1
Terrace edge.Side drains
9 Hifrar Yuzhong, Gansu Province HudE &5 Terrace edge  Roadside N35°51'E104°01’ 2280 350.0
10 HN R Zhenyuan, Gansu Province Hi3 Terrace edge N35°32'E107° 14’ 1170 594.0
11 [ PEBE B Yangling, Longxian Province KU Hih Side drains , Roadside N34°59'E106°33' 1363 600.1
e o ) N
2 + BRAER Tu.mete, Autonomous Region of In PP B L Wild cultivar
ner Mongolia
1.3 MEERSHE FEFHREL(GL) = 2 (G/De) (G 3t Rk

KEFFR (%) = KT8/ R 750 x

100% ;

AR A ZF R (%0 ) = REBRMR BE A 20 80/ x IR A28 488G
I HER(VI) = GI x SCGI R ZFHEEL, S T—

Bx 100% 5

ZFR, D AR A8 A 2 RO 5

FRRS AR5 = Kb B B2 e 25 45 100 IR A 28
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HETAE PEG Bl 7 d I A9 ZF R RIARIC , B A2
KT~ 0.3 MPa il T B R 407 1 30 R I f 42,
R il A A AR A2 BT A RAE T~ 0.3 MPa
AR G ZE R IR
1.4 MBEEEFN

O FH SR i BRI BSCTA X i A A A ST - P
AN ALK X (1) = (X - Xpin)/
(X = Xowin) VT ST On PRI AR XS B 2F 238 AHRS K
SEAR XTI 7 15 50 AR IR RO IR 2F K 7
AN PEG it T Bk m e o srh, x b
SRR — UG IR AT E A, X T X i 73551
B AR AR B Y S KA AN fee/IMEL, 28 HE A
— RS FEANE] PEG il I (58 (H SRR 341
B JEAUR O R IR IS b SR pR A SR
A, AR A5 PR 229 55 T o B3 RN i 2 LA
PR, VB, P P I, P
$o

1.5 #iEst

FH SPSS13.0 et 4 A AL H ) Compare Means
X RO AT BN R TS 22 a0 b, 25 e W PR
LSD ik AT ZH HHL

2SR5

2.1 PEGCMEXMBTEREELXF RN

Tl 25 23RS P A B R PR B 52 M R, AR
R AT DL WLk S A B % 9 R G
P AT & 25 SRR W 6B B SR . B PEG
R A R B VG e A S A AR X R 2R R B T I R
GG e RfE G R TRER (R 2)., TEBEH
= 0.3 MPa B, Bl 7Y i & 52 00 R X & 2F 34 4k 25 e
FHA 11 MNP <0.05), HLFEZE Bre n i, B
VY A S AN A 2 S R e 100 BH I v B 1Y
PEG JPri8 A A F B V4 i 48 SR F 108 & . 24 PEG
BBEHN - 0.6 MPa B, 578 i 5 &2 1 AH X & 28 %
ferm, H 25 TR mAE 2.(P <0.05), 4 PEG &
BEFK - 0.9 MPa I, W] DUSE i i & 09 AH R & 2
FohEE L HE  R B mE T LR EER (P>
0.05), XY PEGEBEH N - 1.2~ - 1.8 MPa I, Jii
A& LR R A B R SRR R

K2 FRAREBEEMHRMBERRSER THEM K FRMBX L FHEL

Table 2 Germination and germination index of different populations of Medicago ruthenica seeds under different osmotic potential

A} & 2E % Relative germination percentage/ %

AHXT & 2546 %X Relative germination index

FORE

Material ~0.3 MPa ~0.6 MPa 0.9 MPa ~0.3 MPa ~0.6 MPa ~0.9 MPa
5228 M. ruthenica (Jingtai) 100.00 = 1.41b 53.06+6.07a 5.10+4.45ab 0.51+0.02be 0.08 +0.01b 0.01 £0.0lab
IG5 M. ruthenica (Xiahe) 85.75+3.17bede  30.77 £3.47cd 2.75+1.38ab 0.46+£0.04bed  0.07+0.01b 0.00 +0.00ab
BEPE M. ruthenica (Longxi) 117.50 + 1.44a 31.85+8.22bed  1.28 +0.74ab 0.68 +0.06a 0.06+0.02bc  0.00+0.00b
TH M. ruthenica (Ningxian) 82.00+4.76cde  14.57 +3.00ef 0.00 +0.00b 0.45+0.03bed  0.02+0.00e 0.00+0.01b
KK M. ruthenica (Tianshui) 83.75+4.91cde  23.56+5.0lcde  0.00+0.00b 0.33£0.04ef 0.03+0.0l1de  0.00+0.00b
BIE M. ruthenica (Weiyuan) 74.25+9.04e 13.33 +3.08ef 1.03 +1.03ab 0.37+0.05cdef  0.03+0.0lde  0.00+0.00ab
5 M. ruthenica (Xiahe) 80.25 +6.69de 13.83+4.71ef 0.53+0.53b 0.31+£0.03f 0.02+0.01e 0.00+0.00b
KB M. ruthenica (Yongchang) — 97.75+2.78bc 44.15+5.45ab 1.07+0.6lab 0.53+0.03b 0.12+0.02a 0.00 +0.00b
s M. ruthenica (Yuzhong) 76.00 + 1.29de 9.89+1.42f 0.00+0.00b 0.42+£0.02bede  0.02+0.00e 0.00+0.00b
FAJE M. ruthenica (Zhenyuan) 90.25+3.54bed  21.20+1.86def 6.52+4.16a 0.41+0.02cdef 0.04+0.00cde 0.01 +0.00a
B8 M. ruthenica (Longxian) 78.50 + 12.33de 9.95+2.92f 0.00+0.00b 0.36£0.07def  0.02+0.00e 0.00+0.00b
LB M. ruthenica (Tumote) 96.50 = 0.96bc 35.21+4.36b¢  4.59+2.26ab 0.43+£0.02bede  0.05+0.00bed  0.01 +0.00ab

TE : MGG TR E 5% K V225 B3, TR,

Note: The different small letters in same column is significant at 5% probability level, the same below.

2.2 FTEBEX 2 HREZAFHEHNZI
B PEG e g, 12 03 15 5001 00 kX
KRB R TR, 7E - 0.3 MPa T, B P4 i 45
SRR K R B e T AL 11 e (P <
0.05) (£ 2), £ - 0.6 MPa i}, 7K & i &5 5 A XT
RAFFRE D & T AR (P <0.05), 7 - 0.9

MPa B}, B2 EHUEURD -+ BRI A AR X & 2R 4R

04 0.01 58, A A B T EEZ, 78 PEG i

H-1.2~ — 1.8 MPa I}, 76 38 B 8] PN 2 K & 2F,

HRZFPR R R %

2.3 TEBEXN 12 R REEMEF NN
1E- 0.3 MPa B8 T, B 74 i 78 <R A9 AH
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X D HEE 2 = T A A EH(P < 0.05) 18 TE
BVY e A 5 B AR XTI Rk, 2 0.22(58 3)
KT - 0.3 MPa JFpi8 T B REIAR G0 1 38 A K {4
B A AL B B2 I TR RS O E
2.4 FEBBEXN 12 MREIZRKANFKIIIT
PEG 60 Xf Jit & 520 - 169 28 4 RITAR K52 o 45
Ko W8 7 d, A - 0.3 MPa (R AE K B4, Bifi
& PEG e iR, e 8 500 05 & Fn A 4 T A7 3]
il 7E 0.3 MPa B T, &b R A8 241 1Y
R AR 2 T R S, (B 5 28 F0 1 B3R i 4 &

Y AERT AR e e , R BAE — 2 LRk , KoK w4 2
(AR X 2 AR R A A R 171 5 4, %W - 0.3 MPa
) i 2E 6 R ZE A AR R S N (3R 3)
2.5 12 1RTE ST LA ST

FIFH R MRS & 2E 38 FEX & a5 AE T
15 J1H8 B AR AR FIAE XTI 24, 2R FH S8 8 pR 4k
] i A SRR R R T LR A VR, BT R
PRSI Ry 5028 > PEPY > L8R > 8 > K B
> KK > M > 75 > B2 > I > BB E > 18
(& 4),

&3 PEGHME(-0.3 MPa) TRTE E & AYE DB X RKFER ZF K
Table 3 Vigor index, relative length of radical and plumule of different populations of

Medicago ruthenica seeds under — 0.3 MPa osmotic potential

g ARXHE 465K LEROEIS S (DSOS S
Material Relative vigor index Relative radical length Relative plumule length

528 M. ruthenica (Jingtai) 0.38+0.05b 0.97 +0.04a 0.73+0.07hed
W5 M. ruthenica (Xiahe) 0.23 +0.03de 0.58 £0.05d 0.51£0.04e
BEPE M. ruthenica (Longxi) 0.56 +0.06a 0.73+0.05¢ 0.83 £0.08abe
TH M. ruthenica (Ningxian) 0.30 + 0.05bcde 0.76 +0.04bc 0.65 = 0.08cde
KK M. ruthenica (Tianshui) 0.33 +0.06bcde 0.76 +0.05bc 0.98 +0.08a
TR M. ruthenica (Weiyuan) 0.22+0.03¢ 0.44+0.0le 0.58 +0.06de
K M. ruthenica (Xiahe) 0.25+0.03cde 0.65+0.04cd 0.82 +0.05ahc
K E M. ruthenica (Yongchang) 0.37£0.02be 0.69+0.03cd 0.70 = 0.00bed
it M. ruthenica (Yuzhong) 0.36+0.04bed 0.86+0.02ab 0.83£0.05ab
$HJE M. ruthenica (Zhenyuan) 0.34 +0.05bed 0.69 +0.06cd 0.82 +0.08abc
B M. ruthenica (Longxian) 0.22 +0.05¢ 0.64+0.02¢d 0.60 +0.05de
+ 8R4 M. ruthenica (Tumote) 0.30 +0.02bcde 0.91+0.05a 0.70 £ 0.06bcd

R4

Medicago ruthenica seeds during germination period

RHREEMFHLPMEESERRERYEREZESTNE

Table 4 The value of subordinate function and comprehensive evaluation of drought resistance of 12 populations of

)8 BREE Subordinate function value

PUAHELE AN
ke AHXS R ZFAE AN R ZFHREL ARG 468 MR ARSI Comprehensive Eil3ha
Material Relative Relative Relative Relative Relative evaluation of Order
germination germination vigor radicle plumule drought resistance
percentage index index length length
B2E M. ruthenica (Jingtai) 0.793 0.714 0.471 1 0.468 0.689 1
I M. ruthenica (Xiahe) 0.39 0.302 0.029 0.264 0 0.197 10
BEPE M. ruthenica (Longxi) 0.568 0.467 1 0.547 0.681 0.653 2
T8 M. ruthenica (Ningxian) 0.013 0.126 0.235 0.604 0.298 0.255 8
KK M. ruthenica (Tianshui) 0.179 0.051 0.324 0.604 1 0.431 6
B M. ruthenica (Weiyuan) 0.079 0.087 0 0 0.149 0.063 12
KW M. ruthenica (Xiahe) 0.104 0 0.088 0.396 0.66 0.25 9
KE M. ruthenica (Yongchang) 0.5 0.532 0.441 0.472 0.404 0.47 5
WiH M. ruthenica (Yuzhong) 0.013 0.099 0.412 0.792 0.681 0.4 7
B M. ruthenica (Zhenyuan) 0.544 0.49 0.353 0.472 0.66 0.504 4
BeE M. ruthenica (Longxian) 0.033 0.045 0 0.377 0.191 0.129 11
+ 245 M. ruthenica (Tumote) 0.602 0.541 0.235 0.887 0.404 0.534 3
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