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Table 1 Name and origin of tested alfalfa seeds
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Fig.1 Germination rate of 14 alfalfa varieties under
PEG-6000 stress

VE < R b R [ R LR RN R R 2 R
(P<<0.05), T,
2.1.2 PEG-6000 % & £ 4 F F it 3+ % 30 8 75 #
FRFHHw A SRR R FRI R TR
FH . CKAME P ZHAEFIRTE 15 B R 7 & 25 # i
L, AR 80 %6 A 7T o, tik 3 v T H Al Al s AU AR RE 1Y
Tl SRR, 44 % (1 2) o

75 530 4 B AR 4030 R 28 BE (19 M T R 25 A
5, 43 R 1596 R 149 5 A6 A BE 1 Fh T & 2E SRR AR R
3V AT IR B3 T RE T 41% . fEPEGYRIE T, fir
A R R ZE RS R IR R ZE RO 2 5 B (P<
0.05) ; 25 g F1 4030 Yy & 2 ¥ 5 Ho A & Fh 2% 55 B %

(P<<0.05),
100 7
| T CJWL168 [tz 2
a g abe R fE 1S COFERE201
80 % B4 ERRUREIA
1 e I [ fESS1 I WL343
< abed d B 4030 O bHrAE
:5« 60 % CIfs  EWL298
iR | CJ3010 HE KER
&
40 -
20
0
CK PEG
JiSL]

El2 PEG-6000fpE TEEEMMMFHELFE
Fig.2 Germination potential of 14 alfalfa varieties under
PEG-6000 stress
2.1.3 PEG-6000 M1 3 R F &b FF FF 3 A K 49 % 0
FET 530 454, 206 B 16 AR e LE i A8 Ak R 1 S
Hb b A e R R AR ) Y OE B, ELFE K G 3 A
LAY R AR E L5 T R R A O BB A R
) SRR PR R SRS 0, R 28R, 7E PEG 1
TRIES N R R BE A BEAR T 14 Fh 58 48 14 R
JRAR AR ZE 9 42 K o 1 PEG TS0 f1 CK & FF
ZRe R IEAR K IR ZE R T ) 48 B T B R W4 5 2
AE 1 5 g 46 B0 T A S AR, DT Y S AE
TR F B R R E T RIEN T AR MK IR 2
B DA B IRAR 55 00 2F 9 KB L ORI A B i G, 2
B b TR BN R Y R R R RO 5 2 BT R

N 138 RS o R BRI A (R 2) .

5 CKAH I, 7 PEG rift 500 F IR IR 2K
DA B 1 3 48 R 5 3R B R B, P i D R BT R Y
I3 IR BN T 16. 815, MR ZE K T B it B fe 20 LAY
H0.07%; 5 Z A SR S, IR AR A/ IR ZF A0 8
0.05%.
2.2 RUEEMTFHRAPNEEESTEN
2.2.1 PEG-6000 #ria F 70 35 47 49 48 X M o 47 3l
B 7 AN E 4 & BT TR 4R AR SR AT A DG S R
B 7E AR E T8 R R ZER R R B RO ) 46
Bz 2 T BB IEAHOCOE R (P<K0.01) ;
AR A 5 4R ZF b AF 7R i) B 2 TE A ¢ (R=0. 935, P<<
0. 01), 4% e mT A9 W7, JU AR 110 386 < RAR 26 Joir 41 5 14 %
A5 BAE 93. 5% 12— B0y, HoAt 45 16 b ] AH &M A
BE(ERI).



SRAE G 00 2 1R B R ZF B IS T 1 B PR AR R

8B IE AR AE I M A Tl
HEX 140 54

)k 4030 > 25 fig

1o B K SR R

I 7E BT B IR AT B R SR A PR L 2R

B VEH D E B R U] S0 R bR )RR . 14 4
MG A R0 Bl A R 8P R R RR T R/
=>3010> KK >F BB 551>WL343

>ERE201 >R TE 1 5 >WL168>Ti th =2 & = [ /R NI
4 >WL298> T 2Z >t L AE .

3

it

T AEOR , [ A A1 27 50 I A TR BT

P

B0 5 A A (] A 30 R A [ 30 05

H#HATT
gE I R R A b 2 A — 5

=

M TRAFAEZE S

208 GRASSLAND AND TURF(2025) Vol. 45 No. 1
R2 UANEREERTHMFRELEERL
Table 2 Seed embryo development of 14 alfalfa varieties
o AR (RL) /em RZEK (EL) /cm AR /IR 2F K (RL/EL) W IR EU(VD
CK PEG CK PEG CK PEG CK PEG
WL168 7.5743.98" 5.4942.45" 0.6340.09" 0.5540.11" 12.3646.92" 9.86+3.59™" 18.6+2.66" 4.64+0.96"
fidh =2 2 6.11+£3.75" 7.9+3.31" 0.58+0.06" 0.58+0.11" 10.28+5.65" 13.4645.31" 17.941.83" 2.78+0.52"
KHE 15 4.86+1.87" 7.2543.15" 0.5840.09" 0.59+0.11" 8.36+2.94" 12.24+4. 94" 20.4+3.11"" 3.9840.73"
FfE201 6.57+3.12" 4.92+2.38™ 0.61£0.11" 0.62£0.09" 10.89+5.15" 7.71£3.35" 22.3+4.07" 4.58+0.63"
i 6.01+3.26" 6.394+2.81" 0.6+0.08" 0.57+0.08" 10.02+5.00" 11.5+6.14™% 24.7+3.45a 5.46=+0.79"
Bl /R4 6.7141.75" 4.56+1.35" 0.72+0.05" 0.55+0.12" 9.314+2.15" 8.3341.82 21.3+1.34b° 2.6640.59"
Fi551 6.60+2.32" 6.27+3.21™ 0.72+0.1° 0.6440.11" 9.0942.95" 9.4=+3.92"* 20.942.79™ 4.23+0.73"
WL343 7.68+2.5" 7.744+4.03" 0.72+0.13" 0.65+0.11° 11.3344.86" 11.9+5.45™* 20.3+3.75"" 3.2340.55%
4030 8.60+3.94" 9.4942.95 0.6840.06" 0.58+0.07" 12.50+5.16" 16.1243.98" 19.54+1.78"* 4.26=+0.5"
JEMEE  5.4542.10" 4.79+3.08™ 0.62+0.05" 0.51£0.15" 8.8243.71" 8.8344.27"" 16.9=+1.28 1.05+0. 3
TEZE  5.8342.56" 3.86+£2.24° 0.64+0.15" 0.52+£0.12" 9.17+3.48  7.06=+3.39° 16.98+3.9° 3.65+0.82"
WL298 6.86+3.72" 6.4142.93"™ 0.7240.08" 0.59+0.07" 9.28+4.77" 10.644.35"* 19.2+2.11"" 2.94+0. 36"
3010 7.00£2.62" 7.7742.85" 0.58£0.10" 0.6+0.08" 12.4£5.17" 13.1444.85" 21.1743.5" 3.99+0.51"
KER 7.3842.44™ 7.3£4.74" 0.6440.09" 0.6+£0.11" 11.8344.82" 12.0+6.81™" 24.6+3.52° 2.49+0.47°
T« [ 5 OR RN FRERORLE 0. 05K 122 57 1 3 (P<0. 05).,
#3 PEG-6000 BT 141 EERMEIERENHEXRE
Table 3 Correlation coefficients of 14 alfalfa varieties under PEG-6000 stress
I 5E 46 bR KR RS REFARE AR NS RZF L IIELE 18
KR 1
B2 —0. 366 1
KR 0. 815%x* —0.038 1
AR K —0.04 0.017 0.098 1
RZE K —0.229 —0.329 —0.277 0.388 1
MZFE L 0.092 0.118 0.27 0. 935%x* 0.049 1
AR R 0. 717%* —0.182 0. 877 0. 229 0.184 0.239 1
T 78 0. 01 ) OB ) , AHDGPE 3% .
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Table 4 Assessing the significance of membership roles and a thorough analysis of drought resilience in 14
different alfalfa varieties
. s pR R U ELE
il N o S y p— - \ TR A e
R A RER ORI RARK JIRZF I WA W PR 18
WIL168 0.375 0.417 0.402 0.402 0.181 0.484 0.426 1.000 0.461 9
[ i< 0.375 0.792 0.296 0.515 0.129 0.606 0.220 0.333 0.408 10
KTE 15 0.417 0.833 0.578 0.288 0.172 0.353 0.523 0.524 0.461 8
F #E 201 0.500 0.458 0.689 0.213 0.405 0.192 0.733 0.571 0.470 7
Za fig 1. 000 0.167 1.000 0.323 0.138 0.432 1. 000 0.714 0.597 2
B 7 W 4= 0. 208 1. 000 0.248 0.188 0.560 0.115 0.493 0.381 0.399 11
FfE 551 0.667 0. 000 0. 289 0.378 0.991 0.184 0.585 0.714 0.476 5
WIL343 0. 208 0.208 0.183 0.683 1. 000 0.566 0.456 0.476 0.473 6
4030 0.292 0.708 0.321 1. 000 0.517 1. 000 0.472 0. 857 0. 646 1
Je Atk g 0. 208 0.250 0. 000 0.065 0. 000 0.116 0. 000 0. 000 0. 080 14
W 0.333 0.708 0.199 0.000 0. 086 0.000 0.213 0.905 0. 306 13
WL298 0. 000 0.458 0.104 0.427 0.776 0.295 0.338 0.524 0. 365 12
3010 0.583 0.583 0.639 0.605 0.190 0.752 0.584 0.476 0.551 3
KER 0.417 0.625 0.613 0.595 0.448 0.618 0.743 0.143 0.525 4
SERURBLLR [ T 5B 38 2k TR SR AE B A AT i kR F S R 0 1T B0 7K 43 Wk 3G o] 52 e S R R

AR RIS R BT, 1526 Wk BE 1Y PEG X 2 m S48
T 06 48 4 i 3 . MR ED AT STt R Y
PEG g 156 1 4 B2 B, S8 16 1 15 AH G 1 BT 204k g 1) 1%
PRI 5 DR 0 2% K 0 0 S 0, U0 A VR B 56
E T B A RIFW AR ) o AFSAH 152 W EE
1 PEG-6000 K B4 T 5 55 4, 45 R R W], 5 X B
A LE , 14 R E A Bl 1 109 & 28 38 R 3 RORR 2F 4R KL
P8 BN RS 5 X A e, IR K R AR
2R B HVA R )RR BE (9 B 0, 3 55 2 2 I F o 4
=, 4 FIEMRK JEZFKAE —0.25~0. 50 MPa
PEG-6000 38 T~ F A 42 2 4F FT L 3508 [a] — i 9 1 A
[ it b X 1 5 0 0 AR 0 BB S R — R . AR
AR R, 4030 FZTRE7E T 2 500 F IR K IR
2R AR 2 T R T b A RE Y TR AR KRR 2
KA 5 B T S aa BB AR R TR 2 —
A A AR HEAR R AR K

LW 4 T 5 B 702 22 AN DF 48 AR 2[R 4R FH G 45
R AN B AALAR 1 — A48 b5 DPAS 0 TN AR
W5 (1 B b ok 38 5 22 A4S V70 48 b o A 1 A8 0 10 T 5
RE 1. A REMOIFRE T ELHFEET LB R
FEbR I EERE . A B SR SRR pR ROk 25 A Y 144
SRAC BTG SR Rl R ZE G T AR 8 e bR L 5 R
78,4030 Iy BT AE 7 de ok, 107 b A RE (4T 5 BE T B A1

H] & M A K AT TR SE . BRSEAE R BOR L
PEG [t i) 25 AR Bl BT b4 R 9 K 28 50 F1 Kk 2 e 1 4T
Z BT AN [R FE B R A X — A BLAE AR R A L A
BT ML . R, AT R K 43 a2 5 80k
J A e R TG ) ST R N 22— o AS B 5
o X 2% U B 19 B DGR 43 BT R BLAE PEG M A & FF
KRG R IR A AR F B3 0 A e,
X — B R AR G A5 X 15 A4S A AR R T AT
WFoE 45 R0 — B o A S50 M) SR8 eR B0 25 A O
M TAAS SEAE T A& b B 1 Tl 2 2 B4 i 45 8 4R A
PR PEHER O 4030> 2 it >3010> KBk > fiE 551>
W1.343>FH fE 201 >k 18 1 5 >WL168>Tif £h =~ & >
BT 7R W 4 =>WL298>> iy 42 > b Mk A& . A ¥ E W & B
B i) Bt 568 40 A] ae 5 R AN AR KRG B 5 AR D O
ANIESEAVCEL R . B AT, X206 4 T 538 BB Y
WE5EA B, % F 760 & B Be B 3 m p S 0 B
T, 78 HoA: K J5 0] 02 A5 08 RE ZE R 5T i B R W
BT — LR A .

4 28

i F§ PEG-6000 7E ¢ B}y 15% /K F F 7= A=+ 5
30, H) S 8 e BOE A TR 1445246 8 1 L A g A
TR ZEFI A8 by, P50 2 P i o 2 55 0 4030> 2



210 GRASSLAND AND TURF(2025) Vol. 45 No. 1
it >3010> KEK > i 551 >WL343> [ fig 201>k author links open overlay panel [J]. Advances in
& 15 >WL168>> fiif £k Z & = B /K Wil 4x > WL298> Agronomy, 2021,170: 35— 100.
> p L e [13] Zsfl, i, S g, 4. T 5 Wi xR A 248 5 75 5
B = MERE RS W [T] . RS ROEE, 2020, 40(3)
SE Xk 15—22.
[1] Forestan C,Cigliano R A, Farinati S, et al. Stress—induced

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[10]

[11]

[12]

and epigenetic—mediated maize transcriptome regulation
study by means of transcriptome reannotation and differen-
tial expression analysis[J]. Sci Rep,2016 ,6:30446.
Lawlor D W, Cornic G. Photosynthetic carbon assimilation
and associated metabolism in relation to water deficits in
higher plants[J]. Plant Cell Environ, 2002, 25:275—294.
Quan W, Liu X, Wang H, ez a/. Comparative physiological
and transcriptional analyses of two contrasting drought tol-
erant alfalfa varieties[ J]. Front Plant Sci, 2016,6 :1256.
Neumann P M J A o B. Coping mechanisms for crop
plants in drought—prone environments [J]. Ann Bot,
2008,101:901—907.
Gowda V R, Henry A, Yamauchi A, er al. Root biology
and genetic improvement for drought avoidance in rice[ J].
Field Crop Res,2011,122:1—13.
Deikman J, Petracek M, Heard J E. Drought tolerance
through biotechnology : improving translation from the labo-
ratory to farmers’ fields[J]. Curr Opin Biotechnol, 2012,
23:243—250.
Csiszar J, Feherjuhasz E, Kotai E, ez a/. Effect of osmotic
stress on antioxidant enzyme activities in transgenic wheat
calli bearing MsALR gene[J]. Ind Crop Prod, 2005, 116
215—223.
AEFHS . P ERLGE T 2017IM ] Jbat: B E R
R4, 2018: 8.
RO WAL SR RERB SRR R L H
FE[1]. b4, 2014,23(2) : 117 —124.
g , % K, Clement Nzabanita, %5 . [ N 4b 36 18 15
i A SRR PR SR G WA (D). B, 2019,38(C 1)
44—53.

eI WF

Zhang G,Shan S,Wu Y, ez al. The KCS gene is involved
in the formation of chloroplast stromules and other physi-
ological processes in jute (Corchorus capsularis 1. )[J].
Ind Crop Prod,2019,141:111781.

Diatta A A, Min D, Jagadish S V K. Chapter two—
drought stress responses in non—transgenic and trans-

genic alfalfacurrent status and future research directions

[14]

[16]

[19]

[21]

[24]

[25]

[26]

B IR MR A
SO sz v s LT
114—119.

MRA, 88, 248K, 55 . PEG AT 52 R R S 4l i
R K ROCRG N Msgm 1], WLl B2, 2018,
59(2) :259—265.

FERME K37, 835 . PEG-6000 A F 10 4 & 75 i
Y E PR AT FEE R A, 2011, 28 (10) -
1809— 1814

Az, AR AR AE B S SR T R 0
[J]. B 5 HEPE,2021,41(6) :111—118

5 AN EAE SRR TR T
R M 2 4R, 2018, 40 (5) -

Ista T I S T. International rules for seed testing. Rules
1985[J]. Seed Science and Technology, 1985, 2 (13) :
299—513.

SRR, JH T AL, % PEG-6000 X 5 1 4 i 5
FORFEE R I R R B RS (7], Bl R4, 2010, 27
(1):119—123.

Jear A BTME R E . P E G AT R0 2R 1
BAE R TR R AR KR [T] . o T A R

2020,18(11):3759— 3764 .

A G /NE BRI AR TN I AR O R ORI R
WMyt R E SN I]. R R, 2016, 24(5)
1041—1049.

Wk, REAEAE , 55 R . 27 fy 554K B 4 T 52 B U 7 e 01 4t
FEPELT]. LT AR, 2019(3) - 7—12.

Dai A. Increasing drought under global warming in obser-
vations and models[J]. Nature Climate Change, 2013. 3
(1):52-58

Pokhrel Y, Felfelani F, Satoh Y, er al. Global terrestrial
water storage and drought severity under climate change
[J]. Nature Climate Change,2021,11(3):226 - 233
AR 5k BB, R E R, 4. PEG—6000 T it T
15> B 15 B A b 0 ST AR PR (7], BRI A S
5 ,2020(1):90—95.

Tobe K, Zhang L. P, Qiu G Y, et al. Characteristics of
seed germination in five non—halophytic Chinese desert
shrub species[J]. Journal of Arid Environments, 2001, 47
(2):191—201.



A5 E H1M BOE 5 B 2025 4F 211

[27] BRC, DHiA, EAEL . A PEG B+ 5 M Xt v ok [31] Chen Z, Guo H, Sui C, et al. Effects of drought and salt

Bl Kl AR g [T]. T 5 ROl B 5 stress on activities of antioxidant protective enzymes and
2012,30(4):113—119. expression of stress genes in alfalfa (Medicago sativa
[28] Jose A C,Da Silva E A A, Danide A C, et al. Effects of L. ) seedlings[J]. Journal of Biobased Materials and Bio-
drying rate and storage time on Magnoliaovata Spreng. energy,2021,15(4) :553—558.
seed viability[ J]. Seed Science and Technology, 2011, 39 [32] K2, 45 F- M 55 U 0 1k M2 st A% Z AR 40 A (D] .
(2):425—434. AL 5T A E A B B, 2008
[29] B&/DEIRPCE. PEG-6000 T 5 ki XF 5 B 2 fh [33] BiFFUE, 250, PEGELLT RIF0 B A& 4 i bt 2 vl g
R R ST [T] . i B A S 4, 2015, 31(26) [T, BJeiT s s BE,2017(8) : 155—157.
7—11. [34] WA ORAm S, P A, 45 RO LR S [R] 6l Fp b 5
[30] Jinkui F,Decheng W, Changyong S, et al. Effects of cold PRSP BT [T]. BE 5 R, 2010,30(3) :43—46.
plasma treatment on alfalfa seed growth under simulated [35] M. 2 A0, BT 5. IR0 X S B Fh i kM
drought stress [J]. Plasma Science and Technology, R W T]. B E R 2R ], 2014, 36(3) -
2018,20(3):035505. 40—46.

Drought resistance evaluation of 14 alfalfa
varietiesduring seed germination

YANG Xue-qing',REN Wei-bo",BAI Zhuo-an', GUO Hui-qin’, YUAN Feng’,
LIU Ya-lin®

(1. College of Ecology and Environment ,Inner Mongolia University, Hohhot,Inner Mongolia 010021, China;2. In-
ner Mongolia Agricultural University,Hohhot,Inner Mongolia 010010, China ;3. Inner Mongolia grass seed Tech-
nology Innovation Center ,Hohhot,Inner Mongolia 010070, China)

Abstract: Drought is a significant environmental factor that affects plant growth, development, productivity and
distribution. Alfalfa growth and production are particularly vulnerable to the negative effects of drought. The aim of
this study was to evaluate the germination characteristics of alfalfa seeds under environmental stress during early ger-
mination. The drought resistance of 14 alfalfa varieties widely cultivated in Inner Mongolia was assessed during seed
germination, using a range of drought resistance indexes. The drought resistance of alfalfa was evaluated by the mem-
bership function method using 15% PEG 6000 (PEG—6000) to simulate drought stress. The results showed that
drought stress significantly reduced the germination rate, germination potential, and germination index of all 14 alfalfa
germplasm resources. The drought resistance ranking of the different alfalfa varieties at the germination stage was as
follows: 4030> Yunneng =>3010> Feiyue > Juneng 551>WIL.343> Juneng 201> Wuzur No. 1> WL168>
Salt—tolerant Star = Algonzin =>W1L298>> Thunder > Polar Bear. Based on seed germination tests, it was con-
cluded that 4030 and Yunneng exhibited strong drought resistance. These results provide a theoretical basis and essen-
tial resources for breeding new drought-resistant alfalfa varieties.

Key words: alfalfa; PEG —6000;seed germination ;drought resistance
(REHE Ir5%)



