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Comparative Study on Drought Resistance and Salt Tolerance of
Medicago ruthenica and Medicago varia at Seed Germination Period
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Abstract ; To clarify the drought resistance and salt tolerance of Medicago varia and M. ruthenica at seed germi-
nation period ,the seed germination and seedling growth of M. ruthenica ( collected from Jingtai) and M. varia ( Al-
gonquin ) were studied by using different concentration of polyethylene glycol ( PEG-6000) and NaCl solution to sim-
ulating drought and salt stress. The results showed that the both stress of NaCl and PEG decreased the germination
percentage , germination index , vigor index of M. ruthenica and M. varia and inhibited the growth of plumule and rad-
ical. The differences of relative germination percentage between M. varia and M. ruthenica seeds were not significant
under the PEG stress from —0.3 to —0.9 MPa and - 1.5 MPa(P >0. 05) ,but the relative germination percentage
of M. varia was significantly higher than that of M. ruthenica under —1.2 MPa(P <0.05). The relative germination
index of M. varia was significantly higher than that of M. ruthenica under PEG stress from —0.3 to — 1.2 MPa,
while the relative radical length were not significantly. The relative germination percentage of M. varia were signifi-
cantly higher than that of M. ruthenica under the NaCl stress from —0.9 to —1.5 MPa,the relative germination in-
dex and relative vigor index of M. varia were significantly higher than that of M. ruthenica under the NaCl stress
from -0.3 to —1.2 MPa. The comprehensive evaluation of the relative germination percentage , relative germination

index , relative vigor index ,relative plumule length and relative radical length of M. ruthenica (Jingtai)and M. varia
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( Algonquin ) was done by membership function method which indicated that the drought tolerance and salt tolerance

of M. varia seed were stronger than that of M. ruthenica. This result is not consistent with past understanding of

" drought resistance and salt resistance of M. ruthenica were stronger than that of M. sativa and M. varia

Key words : Medicago ruthenica ; Medicago varia ;seed germination period ; NaCl; PEG ; membership function

M TR ARWE P > T 5 4
BB 29 Al & R EEE I H A,
[ 5 2T ARy [ AR 52.5% , B
FE 14 ho® BEH A 667 5 hm® b5t 4k + 42, 5 4)
AT 0.346 A h TRORFEHL' ' SZHRAE DA B (47T
WPERE ), S OO B A AR I Z A
B il 0 A RORE . W AE 5L [ Medicago
ruthenica( Linn. ) Trautv. | J& S8 B 15 R Y, X4
FEERE P E A W LT LT R AR T
2530 T3 E A Ty Y ey L Ji | R Je R 5 T AL
B B U 0 FE T AR T R A O A R —
TS TR AN B 5 B RO, 5 A5 3545 50
R, R T EAZ -
& ( Medicago varia Martin. ) &t 50t ) B &R}
WO A T A T R R o7

ot~ 1 i A ) A A TS 1 DG B e 3B, 4 i
SEAE Y — A= i gURR M 55 1T SR GBI 1R )
BN T R sl S e el T 7 N i R
B0 2R EREE AL G K 4y O BRI 4 R Ay
SERER B & AR AR E R HET, %
T A S AVE AE PR RS R AR TR E AR
P 1] & W0 2 A R H B DU ]
A R ) Y H B3 T A 5 AR ] B A e
SERPRHE] Y Ho A, 0T I A SN E A BT R T
SIS P 0 55 1) FE A TR AR, AT
G T RS B $ 8 £ B (PEG, 43 F & 6000)
I NaCl VP8 T2k B 5028 0 i 45 SLF0E 48 it A B
IR 45 (M. varia Martin. cv. Algonquin ) F -85 & 91 )
PURPERNm ERVE, B 7EARZ PEG JHh 8 FER B30 X
et SLMVE G P11 R A B AR A A2, LU HAT 3
PR R R 5 55 | Sy s B B IR DA T & R
FHAGL S (i85 i F i e B 4 e AR

1 HREH®

1.1 kst

At 18 SR 72 FORAE T HOR S 28 19 i 45
O ARYE AU AT B ST AR A Y B
o P b 3 b B0 5 T Y 2% A 4 B 2K X
%> ( Algonquin) L AT R 4B Ol A PR F

1.2 REFHE

FH T e T D S 3R AR e ™ S e A
w1256 A A R 1 80 T R B R (98 % ) il B A
S AEFE 15 ~ 20 min 5 K ML 10 min, 28
TRZK e 2 Uk, PRE 1 /N s — S A1 LA
Ml &R %, M PEG-6000 B H 5 i3 e N
~0.3,-0.6.-0.9,-1.2 fl 1.5 MPa [y,
FIMH NaCl FL I BB EH R -0.3, -0.6, - 0.9,
—~1.2 f1—1.5 MPa 1y NaCl 3", 7ERGFRIL( &
12 em) TEFRUZIELRT B—Z TR, 43 A
ARV BE VAR 10 mL, KRR ZH 28 18K, BB SR L
ST E A S0 KA AL 4 WWEKE ik SR
720 CEIE,8 h LI (OLREEREE R 1000 1x) ,16 h
o KA VARAR SR R, B K e e 1
RZERST I T OB A T R 2R R O Y
Koy WE s d J, B LI 10 AR 40 i FLAR
KAZFR A 9 d R85, THR L 2R K3
FREL

RHFF(%) = K HFFF R/ RAF 4 x 1005

MATEF R (%) = RBEKRE L F R/ REFH
x 100

RFFE(GC) = TG/Di(Gt A%« RWGEFH,Dt A
ARG K R

Faxt K F Fe Ak = A BRI E L F Fe /3B I

ENIH(VI) =Gl x S(Gl A EFF#,;,S H—uatH
MY K B AR K e i K 2 )

AT E D I A = WAL JEE NI/ T RIE SR

AR = LR AR K/ 3T BARK ;

ABAE 3 K = A IR B K/ xR K02
1.3 MR, mHEEETEN

Iy FH SR S pRESC X e A 2 RN R IX) 4 1 T
B RN & T S W Ewrare A v 11 )3 E /AR
X(p) = (X = Xmin)/( Xmax — Xmin ) 3155 514 #1 £}
FREXS A 25 38 AHXF A 2 48 B8 AH DG I 7 48 55 AR
JRARA AR ZE K AEAN R PEG Whia T B 2R SRR
B, b X S Y B — PR R a
FEAH, Xmax F1 Xmin 5359 R 743 A48} oz 48 5 1 5
KA F e/ IME R 5 84— T8 bR 7E AN W] PEG kA T
SR S A SR M, B 5 HE A0 b1 L 45 T 3
BhrR 8 R BUE R ANR A, AR 25 AR 24 5



2 4 T/ NFER e S AT B TR A SR LA 407

& SRBUE /N T R IR 55 |, P E R P
PEBRSE ; 2, USRS (R BE R s S A
IR X4 P B A B A 25 Tt SR M e v s B (B A K
SINVPAN LT £ PR 55
1.4 HIESIT

FIEAT B 2 LA S48 + ArdEiR %, ) SPSS
18. 0 Geit ki 22 7 WM (LSD %) .

2 HERESH

2.1 PEGENMBEEEMEEMRREMFHEL

& A KRN

B T 5 e B0 0, A BT 2 X < R £
FhFRIAHX B 2ER 2 TR, - 1.2 MPa [ PEG
BRI A BT R X A e AR R & 2R R T
TEH(P<0.05)(%1),-0.3~-0.9 MPa fil —1.5
MPa %) PEG Ab3 R 15 75 Bl JR X1 4 Fil it 5 52801 4H
YRR TR EZEF(P>0.05),

-0.3 ~ —1.2 MPa ) PEG 38 F H 75 B /K X]
SRR K FARREI R E® TR 2 (P <
0.05), —1.5 MPa i) PEG Wit F & 7 Bl /R X1 4 b
TAEXT R R S Mg O B 25 (P >0.05) .
£ —0.3 MPa 1 —0. 6 MPa [ PEG i~ & 75 b /R
X B AR OE T ) i B S T R S (P <
0.05),24 PEG BiBE# N — 1.2 MPa I}, B 5T /R X

G AU 1 G R ARG S S48 B0 TR 0. 01,

-0.6 MPa ) PEG JJri8 T 1 45 Bl /R X1 4: &)y 1
FYAX AR 0 3 = TS & (P <0.05), - 0.3,
~0.9 Ml —1.2 MPa i PEG MHE T 75 B /R X 4 Fil
RESHHMMHS R TR EEEZR (P >
0.05), PEG BiB# A -0.3 MPa i, 18 40T
MK B EE T -0.6 ~ — 1.2 MPa ) PEG 61
TRABERAR (P <0.05) , {B 75 ik ia T 1 75 B /R
Y] 4 2l B AR AR K 5 — 0. 6 MPa M8 T B9AH XS AR
KW EEZER(P>0.05),

-0.3 ~ —1.2 MPa ) PEG W31 F E %5 BT K X
&5 RAE G A AR R TR EE2E T (P >
0.05), 0.3 MPa i PEG Bl F & BT /R X 42 5
Je A LA AR 2R B 2 R T s E A i
AN 2R (P <0.05) .

PEG BiB#FEALH] - 1.5 MPa I}, 115 W /K X
& HUm s S 4 A K™ B A2 B, 78 PEG Bha
5 d B A R A KA S ORI 2R R SR K
2.2 REENMEEMTHAHNEESEESITM

FHBORI B2 S5 RO i 7 52 0 8 75 BT J) IX)
SR BRI & R AR X & 2E 48 B MRS 14
B AR AT ZE R AT T 2R G, 15 8] 2 Fh
YR SR I AR P E (R 2) . Bk 2 AT, 78
FhF8 2309, B 7 BT R X4 0 052 SR ok 85 - 1

®1 AEPEGBEZRPETRESNEEMRNEMFHLRNSEKIER

Table 1 The growth index of Medicago ruthenica and M. varia( Algonquin) at seed germination period under different osmot-

ic potential of PEG

EfL A

PEG %% ( MPa) Osmotic potential of PEG

Index Species ~0.3

-0.6 -0.9 -1.2 -1.5

FHXT & ZE% (% ) Relative E & M. varia 94.97 +1.51aA

germination percentage JifE 5. M. ruthenica  97.78 +3. 74aA

AART A ZFH5 %L Relative & M. varia 0. 83 0. 04aA
germination index it & 5 M. ruthenica  0.71 £0. 03bA
HEE T He % B M. varia 0.57 £0. 03aA
Relative vigor index 4§ T M. ruthenica 0. 44 £0. 01bA
AT IRAR K H1E M. varia 0. 88 0. 07aA
Relative radicle length @48 5 M. ruthenica  0.74 0. 04aA
ARSI K B M. varia 0. 69 =0. 02aA
Relative plumule length JiTETE M. ruthenica 0. 61 +0. 04aA

86.93 +2.23aA

72.78 £7.93aB

40.70 £1.90aB  26.13 £2.46aC  18.59 +6. 53aC

38.89 £6.38aC  16.67 +2.65bD  16. 11 £ 1. 06aD

0.47 0. 02aB 0.14 £0.01aC ~ 0.07 £0.01aCD 0. 04 =0.02aD
0.30 +0. 02bB 0.10 0. 02bC 0.04 +0.01bD 0.04 £0. 01aD
0.20 +0.03aB 0.04 £0.01aC 0.01 +£0aC -
0.12 +0. 02bB 0.03 +0.01aC 0.01 +0aC -
0.72 £0.02aAB  0.57 £0. 12aBC 0. 41 +0. 06aC -
0.36 +0.07bB 0.35 £0. 03aB 0.29 £0.01aB -
0.43 0. 05aB 0.28 +0. 03aC 0. 19 +0. 04aC -
0.39 +0.08aB  0.25 +0. 03aBC 0. 18 +0aC -

RIS R/ING TR ) — A BT A 5 AR A 0] 252 35 (P < 0. 05 ) 5 [RIAT A IR RS 55 2R () — AOBHFE A [) i 380 ] 2% 57 8 35 (P <

0.05) ;" - "FRY M REKRE, TH

Different lower-case letters withinthe same column show significant different at 0. 05 level between Medicago ruthenica and M. varia ( Algonquin) , while

different capital within the same line show significant different at 0. 05 level," —" represent seedling didn’t grow well. The same as below
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Table 2 The value of subordinate function and comprehensive evaluation of the growth index of drought resistance of Medi-

cago ruthenica and M. varia( Algonquin) seeds at germination period

44 $t)E PR EE Value of subordinate function - HeE

« M N A M2 > S —He I'Z‘ﬁiﬁ Iglﬁﬁ M
Species AR % 2% AR R ZFAREL MXNE AR5 AR AIREER Ranking
B1E M. varia 0. 547 0. 344 0. 353 0. 596 0. 431 0. 454 1

i #& 5. M. ruthenica 0. 396 0.253 0. 246 0.240 0.348 0.297 2

®3 AR NaCl 2EBHETRESNEBFNRRE&MHFHELZHNEEKER

Table 3 The growth index of Medicago ruthenica and M. varia ( Algonquin) at seed germination period of different osmotic

potential of NaCl

$okR i NaCl & % #+( MPa) Osmotic potential of PEG

Index Species -0.3 -0.6 -0.9 -1.2 -1.5
AR & 2E 3 (% ) Relative B g M. varia 96.48 £0.82aA  86.93 +2.51aAB  83.42 +6. 17aB  49.75 £3.70aC  8.04 2. 84aD
germination percentage 4G M. ruthenica  99.44 £2.92aA  81.67 +7.98aB  42.22 +3.85bC  33.33 2. 40bC 0bD
FART & 2EFE R & M. varia 0.98 +0.08aA  0.54+0.03aB  0.39 +0.02aC  0.18 +0.02aD  0.02 0. 01aE
Relative germination index  J# & M. ruthenica  0.70 £0.01bA  0.36 £0.05bB 0. 14 +0. 01hC 0.09 +0bC 0bD
ARG S5 %K E s M. varia 0.76 £0.06aA  0.31£0.02aB 0. 11 0. 01aC 0.02 +0aC -
Relative vigor index JW A5 M. ruthenica  0.44 +0.01bA  0.13 £0. 01bB 0. 04 +0hC 0.01 £0bC 0
HATIRAR K B1E M. varia 0.78 £0.09aA  0.57 £0.03aB  0.42 £0.02aBC  0.29 =0. 02aC -
Relative radicle length Ji %5 5 M. ruthenica  0.74 +0.0laA  0.44 £0.01bB  0.22+0.03bC 0. 18 +0.01hC 0

HEF R 2R 15 M. varia 0.78 £0.02aA  0.57 £0.02aB  0.27 +0. 02aC 0.13 0bD -
Relative plumule length A& T M. ruthenica  0.62 £0.01bA  0.35=0.03bB  0.25 +0. 03aC 0.17 £0aD 0

-0.3 ~ —1.5 MPa A NaCl fiiHa T, & 15 F /K %)
SRR AR XS R R A B TR AE (P <
0. 05) ; B ER 0 B I, B Bl 2 IX] 4 i 4 5280
TR & 2R B B TR, B fE ORI
FELH B 75 BT R X) 4 o iU, 24 NaCl 38 & # ok
~1.5 MPa i, g SRFAOFEXT & 2548 5B TR
E, -0.3~ —1.2 MPa Y NaCl i3t T E 75 B /R X 42
PR ARG )P4 2 5 T mifE B.(P <0.05)

—0.3 MPa 1) NaCl Ji8 T, B 16 BT /R X 4 5 i
HEOMH TR K LR EEZER (P >0.05),
~0.6 ~ —1.2 MPa [y NaCl |30 F , T 75 Bl /R X] 4
STE AR AR 2 3 8 T m e (P <0.05)

Bf% NaCl Wr3a 0 i) , 7 Bl R X 4 R 4 5
HHXT ZF K2 B ETREHE (P <0.05),
—0.3 MPa #1 —0. 6 MPa NaCl Jil3f1 5 75 Bl /R X 4

IE AN R B E S TME S (P <0.05);
—1.2 MPa [1J NaCl JiHE &, i T 540 8 9 AT 2R K
WE S TEME/RXI4: (P <0.05)

BiBHH - 1.5 MPa 1) NaCl A 5 d J5H & Bl
IR 4 Al R AR A K R AT, g 28T 08 &
PR AZ BN T LA IARZ 2 T R KA ZE K
2.4 REZNMEEMTHLBMEESEEITEN

SR HIRORI B2y SR T pR Bk Wb R 8 2 R
1 BT 7 X 4l (R AR N e 28 55 A & 2E4E 5 AR
T FIFE B ARAR A RN A X 28K 047 38R R B T
SR A9 A R BT R X 4 b T R B R
S PRECSCSE YA, R A S 280 R e R A B
IR 4 & i Eh M AT 25 B 0P, FR R 4 WA,
A5 BT IR IX] 4 Fh 7 0 2 S0 25 A T b PR ok A S
ZEI i AE 5
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Table 4 The value of subordinate function and comprehensive evaluation of the growth index of salt tolerance of Medicago

ruthenica and M. varia ( Algonquin ) seeds during germination period

4 R JE pREE Value of subordinate function . Hep
Species X EZER X RZEIRE MRS SRR AT ARAR AR 2 Ranking
E 15 M. varia 0.653 0. 430 0. 381 0.562 0.475 0.500 1

Jii & 5. M. ruthenica 0.516 0.262 0.185 0. 359 0. 340 0.332 2

3 e

A Bt e A 1 A I S, M A
R ODAER (ERF Al D o S EZo) TR RSO RUAK i O X
T R NI A B B 3K o AR 4 B AR Tl A
R BE A PO U TR RE T 5 BT LA
T & RN &I T B B () T 30 A e 5553 2 i) e A
B SR R AR 72 R A
]33 B S E £ A NaCl ¥ W0 5 AER
3 ofe S E AN R A A ) B R T R P R — b L AT
SEMTTIE . R UERR LB AE SLRVE AE R R
PR A R M, A5 LUK [A] 98 3% # PEG-6000 F1
NaCl ¥ B0 52 A0 £ Bl ae X6 2R B H O 5 28 10 i
& R EEBT R T R Y R AR 1 B R X4 R
R PTRE i R MR T T RS PR A R BN,
-0.3 ~ —1.2 MPa ) PEG r300 F 1 45 BT /R [X] 4 Fib
TR EFE BB ER TRES, -0.3 ~
—1.2 MPa ) NaCl B0~ 1 15 Bl 7K X1 45 Bl 1) AH
X R ZEHRBCRIAB R TG ) F8 4503 B 2 & T m e 2,4
firift 5 d B, — 1.5 MPa () PEG WA T s S AE
& BT IR IX) 4 4 vl 0 AR A ™ B A2 B, - 1.5 MPa
i NaCl 8 N R S0y B & O™ 852 2306, X
SEgh IR W R 0 0% A B R IX] 4 T 32 08 T
SRER ol B X i A R

T S K 4B A AN, T R P 38 AL
RN RS BN T AR A R BR, - 0.9 ~
— 1.2 MPa 1Y NaCl 38 T Jd 5 5 F0E 78 Bl 7K [X] 42
FhFUARXT & 25 3 ) i T 488 35 9 PEG e T 1Y
XS & % % (HAE — 1.5 MPa 19 PEG 1 NaCl Jif}i8
™, mAE GATETE W &2 8] T E ], O
NaCl B8~ B4l 88 ™ 8 s A, = 0.9 ~ — 1.2 MPa
NaCl Jpir3f it 18 S F0E 75 BT 21 [X] 4y i AR A
K TE5 B30 PEG AP (R 1.5 3) ., H4s
S5 8] It ) 257 LR B ( Puccinellia tenuiflora ) 1)
W2 R —3, X0l RE T IOALER /N FAE K T
] DU B AE I S B B E A AR RIS T 4

ik Sy | W Y & LT 6 SNTIE = L
THIBERES . 7ioh, #hMha A B TR HE N Y
TEFIA T B2 R A — RN A K iz
| Bt AT e 52 B S T A A Ak DT 55 A
B TE A SR RE , 2 0 R 00 20 %) g T A4 40
e A BT 6 32 B R [R) R B A 3R 70 e il
i 5 S ET e A % IX) < Aol AR 9 A A S22

T B R AE ) 1) o 17 2 30 ) T 5 P A 7
P LA R R PR AT X T T A5 SR T R 2 R T
BAU T S0, DL AR B 10 IR X i A 2 4
FER TSI PTRE AT T RS AT AR
Xof R 2R AN R B AR R SR B LR A AT
WA R A8 4 A REPUREE T R A A
( Medicago falcate) . 5K M2 IR [|] e J (1) &2
£ (71% NaCl + 3% CaCl, + 4% MgS0, + 22%
K, SO, ) WO J LR S B P B k40 10 s 6 1P 2R AT
TR MR RTETIN E] R 2E AR BT L R 2R
B W I HEE R AR R A A 2
PHNMHERAE 8 A48 bR , N ISR pR B0 B 7E i A
IR TR TR AL A S T E 3 SRR
Tt o ST IEEE DY IUASTR)VR BE 1 NaCl %800 it 1 ©7
4 A BT R R SRR T TS, LA BAE
B R R ARGE R 7 2 A AR R AR R AR
TG TR ECREBOE Ak B2, 45 i 45 2 4 S R K
SRR PR T BAE B AE . AT TSR S e
VE I RTAOS K25 38 AN A28 48 i AR 464
FAXPIRAR G AR IR ZF 4 3 5 A BRI Rt ok A H
IR SR 28 1) i A LRI 7 T 2 IX) 48 T A S T S T
EVEIEAT T LR G TP, 45 B A B R X 48 -
BRPT A TR 58 T 4

i A LA N AT DT T T E A IR
i fE 5 EAE A, A A B R A R Rk SR
PEAR T3 T8I LU A 528, 0 EL BT Pk LG A s R A
J5E B FE PRI R 2R AR L
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