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1 #RFFTE

L1 B

FIH 22 58 B B WY 3DLL RN R, G5 40 il R
P1,P2,P3™ Xt B8 Ry H R 21 5 5 (O. viciaefolia cv.
Gansu, CK1) fil 5¢ & 21 & % (O. viciaefolia cv. Meng-
nong,CK2).
1.2 it

5k H PEG—6000( 5 £ i 6000 ) £ 411+ 5
ZAF o B 500 g I BEJE B 40 VD R AN IREAE , & HLO, I
WTH 5 5 A A 40 SR R TR A R RN, R 2 d
WHE 50 mL Hoagland & =W RFal A K EZH 42K,
BEE 6 A KHBE 0(X M, CK) . —0.4,—0.8,
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—1.2,— 1.6 f1—2.0 MPa, Jf AL B 7 dJ5 RAELL T
B ) 0 GE AR OC A BRAE AR, B AL B S IRE A
1.3 NEHEREFRE

SR L A 325 43 0 W 5 g 2 A PR b T BB 2 (AR R )
My R4y (22 i) B T W BT O SRR O L (AR T
[ /4 b ER T R ) o HF A% Ab B R AR AR 2R AR OK
PBE T, R A AT RO AR R ST R B R
fE A CH I, 43 4 A2 89 23 B 3 O 300 dpi. R Win-
RHIZO MR & 5341 2 58 AT X 3R BR#E AT 5017, 3k A5
& B K B (Root length, RL) (AR £ & 3K 1f 1 (Total
root surface, TRS) (i 5 *f- 1 H 12 (Average root diam-
eter, ARD) | R /& 1 (Root volume, RV) #l R 42 £&
(Root tip number, RTN) Z£EHE S 84

A BRAE BRI A S AR Tk P AR R IE )
K FH AL =R B0 A e (TTC) &M & , vl i 1 b
(Soluble sugar, SS) & it 2k HI L Lb €4 32 00 5 , 7 Pk
1 (Soluble protein, SP) & & & 1 % & i 5¢ i G—
250 YL {0 36 I % , N 8 (Malondialdehyde , MDA)
iR U A LY 2 R vk DU E 5 i A X 5 K 4 (Rela-
tive water content, RWC ) 2k FH 1 FFk 5 25 0 5 5 % 25
it Z 1% (Proline, Pro) ¥ i 5% JH R P i = il 1L €7, 75
5E 58 Ak W 15 AL B (Superoxide dismutase, SOD) i
PE R TR U e S Ak 38 Tk I A 5 3ok A A ) i (Per-
oxidase , POD ) i P4 2k HI @1 A i 200 2 .
1.4 Zitoh

H Excel PG, SPSS 16. 048 14/ 14 k47 7 22
G3HT VR R 43 43 A, S TR Ak B 22 18] Dun-
can JIE AT 2 L . W Fuzzy 805 h R E w6
Bk AT B0 A, 5 B0 50 8O A O 2 Hon
RWC.SS . Pro,SP.SOD ., POD I £ i Jy if 5 24
E2WS

Fo= (X, Xui) / (X — Xin)

X 5B SR R A G MDA TR AR

Fi=1— (X Xjnin) / (Xiax = Xjin)

A Fy o it B PRI E i B SR B X,
st 1 P R T AL 5 X A PR R R I S 1Y B /MEL 5 X
g R I S Y e R AH

R 7 FH 2 WA ik A7 5

I=C/S,

K, L — DI B, Rom W e b e T 7
JBiR 3ET 4 I SE AEAH X T BREHL Y A . o s AN 4R

B IEH 2 BRI RE AR, S, 0 5 A8 b AR A i i Ak BT
JI O E A B ME . A SRR oA O TR AR
I=S/C

D=3(F,X W),

2 HBREHW

2.1 A5 EMBERAESHLENESR

P21 7 R R G L AR 2 T BRI AR 2 B0 i 7K
s BE 1 150 52 2 1 S e/ s e (P<<0.05) , HLAE
—0. 8 MPa ik B i KAH , 5 0 MPa A [t , CK1 fAR &
b CK2 A AR 2 1 B Kb RE P2 A0 AR 2 B0 e 45 K 5 Bk
CK1 M5 L 7€ 0 Mpa B e /INAb, I 21 57 0 (g AR 5t
o AR R AR AR R B TE — 2. 0 MPalif fe /)y o Ak
ANCRE R SR AR NN SR D R T
##(P<<0.05),fE —2.0 MPa F,P1.P2.P3.CK1 fI
CK2 AR A2 AR B B R /ME . T 5P i
A 4r G AR K (P<<0.05) , H#E —2.0 MPa
3 & f RAE (& 1) .
2.2 ASEMBBEAERENER
2.2.1 RWC.SP.SS# Pro4 %6 %4 h[& 27
0, AR 3R 4T B RWC B 30 R B ) 2 S OB B
B, —2.0 MPakb 3R, RWC [ 2 5 /ME , H AR
P1.P2 % RWC & # & T HAh A K (P<<0. 05) ; Br A K
P24k, FLA AR SP 5tk Y47 B J 36 A B fin ) S 4 s
TR, —2.0 MPakbFEF P2 Ay SP & 38 2 i KME,
HAAMAEIHE—0. 8 MPasb B R, SP & f 1 & I KAH,
Ifii —2.0 Mpa kb #8 N, SP & it B[ 2 51X, B4 kL P1
(1 SP & it i KT HoAth A4 B (P<<0. 05) ; BR A1 8} P2,
CK2 A, H A MR SS £ ek 27 I oy 360 72 B2 o Jsi] 556 38 Jon
JG NBE. —2.0MPa I, 8B P2 CK2 19 SS & #H =
BRAH L 2051 0 MPa iy 1.47 1. 49 /% (P<<0. 05) , H:
RMEAE—0.8 MPa FHSSEH R ER K, —2.0
MPa FH SS & & ¥ AL, H CK1 1) SS & & B # LT
Hof A1 R (P<<0. 05) 5 BEIR 4T & 55 Pro & & 2 Bt il 1 2
JE IR e S TR, —1.6 MPabBE R 418 P2 1Y
Pro & f 44 2 f L B R O 226. 21 % (P<<0.05) , Hi 4y
R —1.2 MPa &b 3 F H Pro & & = K,
—2.0 MPasb3#F Pro & &3 F A& T 0 MPa.
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Fig.1 Effects of drought stress on root morphological characteristics of sainfoin
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Fig.2 Relative water content and contents of osmotic adjustment substances in sainfoin leaf under drought stress
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Fig. 3 SOD and POD activities in sainfoin under drought stress

A FPl ®P2 EIP3 FICK1 OCK2
300.0 a |
AP > bb b a
AAAAA L Cd e a e
. Bp,A v d 5 a
Do Cd C
= FE BEE r i
200.0 iy e
100.0 ¥
0.0 .
-12 -1.6
BiBEFIMPa
120 a
— TPl ®BP2 #©P3 ®CK1 OCK2
‘b\D
g

MDA /(. mol

BiEHIMPa

WHRWE I (g

. g"' h")

BPl ®mP2 BP3 ECKI OCK2

1600 o

b gpA

==

1200 A
800
400
0
0.0 -04 -0.8 -1.2 -1.6 2.0
BB HYMPa

B4 FTEPEMNISEMDASEMRRF NN

Fig. 4 Effects of drought stress on MDA content and root activity in sainfoin
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2.4 EHSSW

B3 A R 1 o Ek R 43 S A 53.999% .
19.753%.8.710% , Rt Tidk 44 82. 46100, H A4
1.2.3 T84 4 B 4 557 AF 5 5 90 2 7. 560, 2. 765,
1. 219, % I 85 K 9 A7 A1E 1] £ 43 0 2 AR 4%\ Pro . SS %

i, RHIX 3 A4S 46 A AT DA Ry £ 1 R T 5P O 3 5 O
M EERIR (K 2—3).

2 BEAERBTEERRHE

Table 2 Eigenvalue and contribution of each

comprehensive index

E s S AE A TR/ % BETEE/%
1 7.560 53.999 53. 999
2 2.765 19. 753 73.752
3 1.219 8.710 82.461
2.5 AEEEHEMEESEESEN

SR JE PR B BT e IR T AR B — S AR DT A Y B

AE T AE 0 00 30 P il ol 2 0L L5 B L A T P IE AR . A
P14 045 A 00 SR e RO AP B A X 5 03 £ B R BT
T 5 fE TG VR, e A B PR PR R 4, 4

B P3RZ,CR2EZ(F£4),

3 itig

x3 BERFHREER
Table 3 Matrix of factor loading

b EaLE
1 2 3

R 3 B 0.073 0. 140 0.291

iSNER 0.127 —0.018 0.006

AR AR 0.087 —0.249 0.105

R I AR 0.117 0.103 0.128

LiiZN —0.100 0.216 0.042

HRIEL 0.123 0.049 0.114
AR 0.024 0.177 —0.612
AR A 0.055 0. 206 —0.367

I 2 R 0.006 0.254 0. 380
MR K E 0. 109 —0.153 —0.083

B AT 0.118 0. 044 0. 004

it 45 Ak ) 0.115 0.117 0.024

W —0.110 0. 149 0.181

LEESLP)] 0. 100 0.145 0. 020

TR R I BRAR R B KA R TR K
Pl W i 4 K 4 AR 4L D T ORE SR Pirnajme-
din FHRFT A AR R T R R A R R A
B SRS AR ) 5L B3 IE TG . Wang 2B 98I0
oy, TR B REAR T R R R A Y R AR R
SR T L AR R AR AR AR K R

MRS . ARBFIE R, —0. 8 MPa i if i}, it 41 5 ¥
*E%%#E%%Mbk%%ﬂ%‘%%%i%ﬁ%{wﬁ,ﬂg%ﬁ AR L AR R R TH A R R R A R IR R
ST /) SR &yl VA R ARSI 0 e <3 B B8 B | I B AR R T ¥ 8 3 8 s BE W A R ORE 5
®4 ASEHEBREERREERES TN
Table 4 The membership value and comprehensive evaluation for drought resistance on sainfoin seedlings
B P1 P2 P3 CK1 CK2
RN
F, W, F, W, F, W, F, W, F, W,
MR E 0.348  0.066  0.267  0.073  0.464  0.069  0.704  0.042  0.421 0. 064
e 0.379 0.060 0.319 0.073 0.336 0.062 0.305 0.076 0.462 0.057
V3 B AR 0.619  0.072  0.526  0.081  0.552  0.074  0.524  0.081  0.481  0.076
KR 0.273  0.099  0.291  0.093  0.297  0.092  0.299  0.108  0.307  0.099
R % AR 0.583  0.066  0.529  0.069  0.521  0.067  0.597  0.071  0.505  0.065
K 0.568  0.057  0.579  0.060  0.524  0.059  0.575  0.063  0.659  0.053
HRAREL 0.488  0.071  0.512  0.068  0.520  0.073  0.572  0.077  0.601  0.069
R K 0.578  0.071  0.618  0.073  0.505  0.076  0.522  0.076  0.416  0.075
CIRGR R E R s 0.455  0.057  0.723  0.056  0.492  0.057  0.326  0.067  0.425  0.062
CIRCEC e s 0.630  0.060  0.480  0.057  0.732  0.061  0.411  0.059  0.357  0.050
i 2 1R 2 A 0.271  0.036  0.321  0.047  0.269  0.048  0.472  0.049  0.510  0.035
ik 48 W) T 0. 580 0.065 0.581 0.065 0.564 0.069 0.543 0.069 0.476 0.067
A0 A T P 0.657  0.069  0.437  0.066  0.563  0.069  0.577  0.075  0.510  0.068
[ 5s 0.637  0.152  0.594  0.120  0.575  0.124  0.399  0.087  0.389  0.160
LA E 0.461 0.411 0.436 0.403 0.390
ey 1 3 2 4 5
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Effects of drought stress on root growth and
physiological characteristics of sainfoin

CHEN lJie, WEN Su-jun, LIANG Peng-fei, LI Jing-feng, WEI Shao-ping,

LIU Xin,NAN Li-Ii
(College of Pratacultural Science , Gansu Agricultural University ,Key Laboratory for Grassland Ecosystem of Min-

istry of Education , Pratacultural Engineering Laboratory of Gansu Province,Sino-U. S. Centers for Grazingland
Ecosystem Sustainability, Lanzhou 730070, China)

Abstract: PEG—6000 was used to simulate drought stress, and the effects of PEG-6000 concentrations (0,
—0.4,—0.8,—1.2,—1.6,and —2.0 MPa) on seedling root growth and physiological indexes of 5 samples of sain-
foin were studied. The drought resistance in seedling stage was also analyzed and evaluated. The five sainfoin
samples including 3 sainfoin lines (P1, P2, P3), Onobrychis viciaefolia ‘ Gansu’ (CK1) and O. viciaefolia ‘Meng-
nong’ (CK2). The results showed that root shoot ratio, total root surface, root tip number, contents of soluble pro-

tein and soluble sugar increased first and then decreased, average root diameter and root volume significantly de-
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creased, root length and MDA content significantly increased with the increasing of PEG— 6000 concentration. Un-
der severe stress, root volume, total root surface, average root diameter of P1 decreased the least, and MDA content
of P1 was the lowest. The Root soluble protein content of P2 increased the most. Root shoot ratio of CK1 decreased
the least, whereas soluble sugar content of CK1 increased the most. Root activity and root tip number of CK2 de-
creased the least, and root length of CK2 was the longest. According to the membership function analysis, the
drought resistance order of the tested sainfoin was as follows: P1>P3>P2>CK1>CK2. Principal component
analysis indicated average root diamater, proline, and soluble sugar were the most suitable indicators for the tolerance
to drought.

Key words: sainfoin; PEG stress; root morphological characters; root physiological traits; drought resistance

evaluation
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Effects of exogenous gibberellin on seed germination
characteristics of Elytrigia species

TIAN Xiao-xia, MENG Qing-yi,MAO Pei-chun,ZHENG Ming-li, MENG Lin"
(Institute of Grassland , Flowers and Ecology, Beijing Academy of Agriculture and Forestry
Sciences, Beijing 100097, China)

Abstract: Promoting the seed germination of Elytrigia species is the key to the successful establishment of culti-
vated grassland. In this study, the seed germination and physiological characteristics of E. elongata, E. intermedia and
E. repens were studied by soaking the seeds in the different concentrations of exogenous gibberellin GA; solution (0,
500,1 000, 1 500, and 2 000 mg/L). The results showed that with the increase of GA; concentration, the seed germi-
nation rate and germination potential of the three Elytrigia species were significantly increased. The 1 500 mg/1. GA,
concentration was the most suitable concentration for breaking seed dormancy and improving germination. A fter soak-
ing the seeds with GA; solution, both radicle length and sprout length were promoted. The IAA and GA; contents of
seeds were increased , while the ABA content was decreased. Furthermore, the POD activity of the sprouts of three
Elytrigia species was increased, while the content of MDA was decreased. In conclusion, seed soaking with 1 500
mg/L. exogenous gibberellin GA, could regulate the endogenous hormone content and promote seed germination.
The results provide an important theoretical basis for the efficient seed production and grassland establishment of E/y-
trigia species.

Key words: Elytrigia species;gibberellin GA;;seed germination ; physiological characteristics



