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Table 1 Mutagenesis treatments at different Ethyl methyl

sulfone concentrations and times

Ak 3 i EMS ¥ i
A /h
0 0.2  0.4%  0.6%  0.8%
2 CKl  T1—-1 Tl-2 T1-3 Tl—4
4 CK2  T2—1 T2-2 T2-3 T2—4
6 CK3  T3—1 T3-2 T3-3 T34
8 CK4 T4—1 T4—2 T4—3 Ti—4

BRI LN 2 20840 LR IR 4R SR K 4y SR R DL 45
Ak B R 3450 1 TE DR AR L, R85 3R L% R 50 R
il 45 8% 2% LB A N T3 85 3348 (16 h, 25 °C Lok
HE SR B >4 6 000 Lux;8 h, 16 °C, w5 ) kAT 4L 8 &
P, B RS e TR FEN . BCE Y R, 5
TR R ZE O RS 14 HOFR R ZE R L AR Rt 4
AR KRN R HEAT I A B 4 7 B AR T R VR v A D 1Y
YRR B A BT 55w P B SR R 4 d E AT E AR
2B IR GENE T I AR TR AR E W 104K L B H LS
L A ROIR B R T SRR, Xt R R 1 3 LR IR R AT 30
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TRAE A B K FPOIn B S min, 77 4 305 RS FE OO E A
HLS A (S,) , L 0 EMS kB b B Fh 1 X BR AL, 3T
FEHL RN O AR HL A (L) =(S,/8,) X 100% .
1.3.2 A FaArme S IRCBOERD A 50 B R )
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KR = ik 5 45 0 R k2 g/t A T
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R 2= (i 7 RN B 5 28 80/ Bl A7 %0 X
100%

% 45 B (germination index, GI) => G,/D,, H
G, t RN TR 280, DAL & 28 R

1% 7148 8 (vigor index, VI ) =GIXS, ,S H k& Z ¢k
SR B R 25 AR K B 22
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Fig. 1 Leachate conductivity of A. cicer seeds treated by
EMS
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IF1) 55 Ve EMLS Ab B 2 100 4] 185 i 5 2 e 1 (4 A %
2.4 EMS &I & FIEHME NIBH 2N

b B E] A 4 b R 0. 2% B JEE 58 2 HE il
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(23) , H A A 350 B b 382 b [F0) B e B ) 386, b & 2F
T8 BTG ) 18 BOZ W AR, HL 22 57 B 3 (P<<0. 05) , fE
b B ] 8 h, W5 AE e BE 0. 8% B, Bl T & 2 48 BURINE
T1 3 BORAR, 4390k 1. 53 A0 1. 37, 43 Sl 45 %t BR AR T
71.35% F192.94% . IR B], EMS i 48 ik B2 F I
TE1) P19 8 Jim 2 7™ L 5 W S S 56 5 S R 3R g, X T
{14 475 35 AN DT 8
2.5 EMSAENEEERZSHARKIMEKIZIT

5 [F] — e BE AR BE R L Bk EMS #k 75 0. 2% &b, 1
A% Ak B i AR I ) K AR K 3% AR A A [R] — ]
AR FRR A [A) EMS ¥ 5 Ab 31 X JR8 1 58 2= % Foft 1 407 1 AR
KA FHZ W (P<<0.05); f EMS ¥ ¥ 4 0. 200, kb 21
B E]7E 2 h B, 4 AR K A B 5 KAE , B EMS ¥ B Tt
B T W AR B A AR K B R AL, 7E bk
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B[] 300, 4 i 4 52 0 AR S T A B i AR vk



a4 H3IM B 5 O BE 2024 4F 119

—— 0 —a—0.2%

—— 0 —8—0.2%
—a— 0.4% —=—0.6%
—a— 0.4% —=—0.6%

—0— 0.8% —0— 0.8%
- (

2 3 4 5 6 7 8 9 10

R ZEIT ]/ 7% 2E )/ d
—o— 0 —a—0.2%
50 50 —o— 0 —a—0.2%
C —a— 0.4% ——0.6% D
45 45 —a— 0.4% —<—0.6%
—o— 0.8%
40 40 + —o— 0.8%

K2R/ KRBT/
B2 FEEMSLGEMEREREMFHRFIHE
Fig. 2 Germination process of A. cicer seeds by different EMS treatments
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Table 2 Germination rate and germination potential of A. cicer seeds under different EMS treatments.

i 5] /h EMS # B2/ % KRN X R/ % R X R ZEH 0
2 0 74.00+1. 16" 100. 00+0. 00™ 64.67+5.70" 100. 00+0. 00™
0.2 89.33+2.40° 122.67+12. 24° 80.67+0.67 126.62+10. 69"

0.4 82.0041. 16" 112.0049. 29° 74.67+1.33" 117.0149. 08"

0.6 58.0044. 62° 80.00+11.14" 52.6743.71° 83.12+10. 75

0.8 55.33+£2.91° 75.67+7.86" 51.33+3.53° 80.82410. 09

4 0 71.3345. 46" 100. 0040. 00" 60.6746. 36" 100. 00+0. 00*
0.2 82.67+2.91" 117.00£8. 74 69.33+1.76" 116.22+9. 24°

0.4 74.67+1.76" 106.00+8. 02° 67.334+1.33" 96.41+20. 79"

0.6 50. 67+4.81" 72.00+8.51" 42.67+3.71° 71.634+8.31"

0.8 42.67+1.76" 60.67+6.12" 40.6740. 67" 68. 74+38. 28"

6 0 72.0041. 16 100. 00£0. 00 65.334+0.67" 100. 00£0. 00
0.2 74.00=+3. 06" 102.6742.67" 62.67+4.06" 95.93+6. 14°

0.4 59.33+1.76" 82.6743.33" 52.67+1.76" 80.59+2. 14"

0.6 48.00+2. 00° 66.67+1.76° 48.674+2.91° 74.50+3. 75"

0.8 37.00+ 3. 06" 51.67+4.00° 32.00+2. 31° 49.05=+4. 00"

8 0 67.33+2.91° 100. 00£0. 00° 60.00+1. 16* 100. 00£0. 00°
0.2 62.67+2.67" 93.3345. 24 55.33+2.91" 92.40+5.96®

0.4 54.67+2.91" 81.00+1. 16" 47.33+5. 46 78.62+7.75

0.6 44.67+3.71° 66.33+2.96° 33.3343.33° 55.4144.58

0.8 30.67+3. 71 45.67+5.78" 26.0044.16° 43.434+7.12°

T SR NG 7B 3R0R 22 53 35 (P<<0. 05) ¢
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R3 FAEEMSHETEEBERRMFHELFREMENELY
Table 2 Germination index and vigor index of Astragalus cicer seeds under different EMS treatments
5] /b WwIE/ % REFIREL ARXS K255/ 6 W 1484 ARXS 3% T3 8 50/ Y
0 9.45+0.78" 100. 00£0. 00 40.96+6. 03" 100. 00£0. 00
0.2 6.1040.12" 65.5646.08" 32.83+2.18" 83.99413.59®
2 0.4 5.38+0.31"™ 57.094+1. 46" 22.74+1.68"™ 58.07+9.51™
0.6 3.95+0.78% 42.83+7. 24 14.49+3.07° 36.7947.90°
0.8 3.37+0.35° 36.1945. 18" 11.99+1.73¢ 32.29410. 39°
0 7.67+0. 44" 100. 00=£0. 00* 34.044+3. 25 100. 00+0. 00*
0.2 7.7840. 25 101.78+3.12° 34.61+1.92° 104.23+14.18°
4 0.4 5.424+0.56" 72.09+£11.97" 18.9743. 48" 57.59+13.12"
0.6 3.3540. 48° 44.66+9. 20° 9.584+1.68° 28.98+6. 28"
0.8 2.21+0.06° 29.0142.05° 4.084+0.03° 14.33+1.21°
0 6.00£0. 10 100. 00£0. 00 22.9941.81" 100. 00£0. 00
0.2 5.88+0. 44° 97.9446.55" 28.17+1.02" 123.38+9.48"
6 0.4 3.8940.23" 64.94+4.83" 11.87+2.27° 53.87+24.71°
0.6 2.67£0.11° 44.42+1.27° 5.58+0. 41 24.3241. 88"
0.8 1.87+0.13° 31.13+2.29¢ 2.96+0.13" 13.15+2. 86°
0 5.34+0.10° 100. 00%=0. 00* 19.440. 86° 100. 00£0. 00°
0.2 3.9240. 44" 74.19+7. 26" 13.1240.11° 67.95+6.47"
8 0.4 3.04+0.23¢ 57.0342.42° 8.88+0.09° 45.93+ 3. 46°
0.6 2.2340.11° 41.76=+1.53° 2.3240.14° 12.02+1. 62
0.8 1.5340.13° 29.29+5.16¢ 1.3740. 19" 7.16+2.28°
BT 0. 4% I, BV A5 1) 0540, 4 430 4 35 4 . Dhomah meh men
a
FEAR, H 22 5 W3 (P<<0.05) (B 4), MR, iEH ;h bl % .
7 2 TN 5 5 00 2 : . b
5 ¢ ,d = C
45 a ! 02k @4h ‘
4t {a m6h ®8h
35 a a
Moo25
# 0, b 02 04 06 08
L5t Ak B /%
0'; : 4 REEMS AR T W 4 5 3640 0 B
0 Fig.4 Seedling length of A. cicer seedlings under different
CK 02 04 EMS treatments
Ab PR L%

B3 AEEMSAETEEERZGHIRK
Fig. 3 Root length of A. cicer seedlings under different EMS
treatments

VB AR R/NG TR AE 0.05 K 12 5 %
HE2SEWEZEREEMSETASNHE
DA b 25 53R R [ i B K s [0 ) EMLS Ab 3% 1
WS AR T R BN, R EM,0.8%
EMS 436 h #10. 8% EMS &bl 8 h 1) Ff 7 Hi X4 & 2

2.6

(R 2)BTES0Y o4y i EBUL & A sl BT
T8 14 dmc A Ak B2 T 3 AT 2 b A R T I 2R s
Tl 7 2 25 3 RO K 2R3 R 2 4R SO AH X & 2R 4R 4L
I 7 48 B AR XIS 7 4 B AR R a2 e L, 0. 8%
EMS 4b 3 8 h 4 & i 46 bR B 1T # A B T B, A 716 )
TR A2 0. 8% EMS AL 6 h A e fEAb B4 &
2.7 EMSAAEMNEEEZXYERENZ N

A3 56 ) o LW A7 SR04 TR S 2 T vk R I R 5%
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7 A SRR AT 0 18 8 2 X B4 5 EMS Ab 35 2H 4y 1 R4 BRRZRRBRELI

AR L #, & BAE EMS %48 A BER | 3 ‘BAY 75 48
JEE R i) PR T W 28 5 B 4 R AR K R ot
EMS 4b # 3 000 7 J8 W 5 2 S b, L3R5 M QL k
1128 B, Wbk 3k 37. 6%, M A7 86 ¥k &4 1 A8 £ A~
PR IS 5, A8 AR A 7. 62 % (K 4) , 7] i J8E g 4% =
Yo W TS b R B 12 R AR S 28R A A bk (R
5), ot A48 e 5 R (ot 5540t B AR R
b BE S A R AR ), i AR R 6 (5
P R AN Bt )RR AR 1R (R MR S
HF EMS W8 F/EH 01528 1 227 /N E K S
18 E A kA K B EMS #1830 26 0 )
55, o L R 2R A
3 itig
3.1 EMSHETEEBERXEMFHEANREFTTIR
FE R Bt i) B9 7 7E

AN FE A % EMS Bt 32 P AN R B X EMS 75
AR e i N B T (1 O 3 2 A5 8 DR o 7 A bk 0 i B Ol

Table 4 Statistics of phenotype mutation of A. cicer.

w1k 11 0.98

%1k 12 1.06

@ H 1k 5 0.44
Brernt 1 0.09

B &% 5T 3 0.27

Kot 5 0. 44

NI 7 0.62

i it 2 0.18
e nt: 1 0.09

v It 2 0.18

N 2 0.18

L7 i AN /S 35 3.10
st 86 7.62

F 5 72 2o i P EMS X R i A BOPE RN B 7R R
Bf T O [ 4 A vk R K R TE] () EMLS AL B
A A M AR Al OO R I 2 E e i A

ES5 EMSETEEEREM NEKRMHFARTRER
Fig. 5 Typical variation characters of leaves in M, generation plants of A. cicer mutagenized by EMS
A M4, B MR AL, C Ak, D @R L E N F B0, G OB/ H BRSO T SR, T R K R,
L K,



122 GRASSLAND AND TURF (2024)

Vol. 44 No. 3

UYLk — AR I AR e AR AR R S 0T T
3 R Ay i 26 F R 50k el KT 8 o ke 2 A A 3o 8 114 TR
e, S BEARE AR MR, S 800 5 2 B 40 A B R T
ANREAT B AR R o 1E B N EMS Ab 2 EE - Fh T
Jo A A A RN B TS U L R TR R
MR BT, B RGN AR R R RO X
R A B AR S R I BE R B R 2
FEEEINR X5 FIR B FE 45 FAl — B0, =R 455
8 EMS 1575 b 3 %5 21 57 O Ah - 85 % R i A R e A5
HEMSIEAR 4 G s i i B A A8 1. 2% EMS &b
P8 hAO0.9% EMS AL B 16 h; &5 5 22 IR 58 EMS ¥
A5 fib B AR BB S U | 2 SRR EMS VR h
0. 6% , AbHRE [E] k6 h, MH 3 £ 1y 2 A8 H0 B M
KRB R — L BIE T BOER . A
IR FA AL #5728 70 EMS X Ji 5 48 2= e Rl 7 R A7 Ab B,
9% S B M 3 R B [ 1) EMLS 12 0F J06 1§ 4% = % ol
FWW Kk, B R B TR RS
B OSCRHEPYITIT EMS 1 48 £ 47 AR DA 37 B 5 1
G 48 SR — B, T e e AN B[] Ak B A T AR
T K R &)y v A, VR B AN S 3 TR ) AR
X A] BB 2 EMS XA 77 A2 155 A8 19 8] B 1 AR AR
FH L AT 5 e o = W % B 4 v AR A, B 2 5 i A A 1Y
AR R, L WEE LSRR T R
KA K AR R, B A0 EMS 37 748 5 W 48 < 08 1 e
ARG EMS YR 0. 8% , AL FREF[A] 24 6 he
3.2 EMSAEXMEHEERZEYHRENWHI

EMS i 45 J5 (148 #k 26 B MR & % A 22y 1 9 728
S A AR AR R A U S xR A AR 7
Jo K AT 3 M S AR 2 AR RS L EMLS A7 AR 410 i
2R B B AR (H I R A e R RS ) AT R AR
A K, 2 TR 20 52 Ak 41 B EMLS Ak B AIF 5T A B
M AR & v B bR /IR A AR o R R
BT B R A B A A 2 R R R R B A
WX EMS 548 B2 42 Fh 1 5 G s SR R e il A
BRI AR R EIR . AR P EMS 57 5 1 1
A B R R E AL R AR R RN R B K
h 34 A I R /IR S R R R TR T 4 R S A
S IR R AT AE SR T EMS 2550 45 A B G 1R a8
T 2ot A AR AR PR R B S 45 A AR B 4 F 7 If
FR 568 5 R AT E — 25 B 8 IE 5 W 2R s A I A e

55 , B EMS 75 722 v B R[] ) 380, 1k 25375 728 50 /Y
BEE AR AN ™ E 2 X 4l i i SR R A — R SR
W, Tt 3 A AR 2 T e 9 0 4 I ik
IR o WAl v R AR Al AR Al R SR TR R B
] A B 7 308 1~ BOAE R O BT W SR S
(375 A2 (H i T Rl A QRO R, 522 B AN E 1k
RAFENFEE /Y H Btk o 725 R i AR R R] 4 5 0
30, B e T S0V R R S AT B R M E e A B
HA R MR B9 HT Rl . EMS W578 BOA 988 0% 5
AR S ) R A S A A A R AT — E R BR A
A B n BEALYE A 4 R AR B AF L S EUE [ R
B0 IR AE T g A5 B AR 2 A O R Bk A R 00 A4 T T
[E

4 HiR

ARHEIE B, 0.8% 4b BE 6 h M X & ZE RN
51,6700, 456 4 WOARXT F8 b , B 2 0 JE W 48 = 9 EMS
V578 1 38 F ) o 4 A AR R AL SR L B EMS Wk JiE K
Ab S R) A 3G, BT R N R s R K R
b AL R R TR I RN SRR R VIR 5 4
BT 01 A= K I 75 A28 ] v B 0 o i B A7 A B
FIUAR R B L | SR AR A R B E S
J01 108, W 5 2 % A BT B B Rl X A R R Y
AT -ENS% .

S E Wk

(1] BEAGE . RS Fb 5t 5% I A 22 i AT S5 D4 [T ] AR
FH4,2010(18) : 76 —77.

(2] RJE, IR AL BORTE LR F Flob py i I [T]. Rt
Al B, 2004,10(4) : 25— 27,

[3] Tingting Chen, Luping Huang, Miaomiao Wang, et al.
Ethyl Methyl Sulfonate—Induced Mutagenesis and Its Ef-
fects on Peanut Agronomic, Yield and Quality Traits[J].
Agronomy, 2020,10(5) : 655.

[4] Bird R M, Neuffer M. Induced mutations in maize [ M |//
Plant Breeding Reviews,1987.

[5] M2dy  RAEY B AT M. B At AR R R
#t,1992.

(6] BESFAE, UL I AE A fb 2 54 ) 3 oK B 2 & it
FELI] AEPI 2R3 ,1998(6) :6—8.

(7] 222 B, X0 &R 09,55 . R EMS A 2355708 o &
KEZRMBIFELT] TR, 2002,1003):36—37.



a4 H3IM B 5 O BE 2024 4F 123

[8] Iz . EMS#S i /RELIRMBILU5E[D]. % 1L S AR PR i 5 M [T 22 8 2= i, 2018, 38(07)
el K, 2012. 782—1790.
[9] Le K D, Carlyle C N. A non—native agronomic legume [19] BEIPZE. = MBS EMS B & AR ) 2 B
(Astragalus cicer 1..) alters multiple ecosystem—services HEKEID]. EK. TR K, 2018.
inmixed prairie grassland[J]. Biological Invasions, 2019, 21 [20] #—PFH . EMS St ik i /N2 M 8 AR R %3 [ D], i
(3):935—946. FH s VS b A MRR K 2, 2021
[10] TFafe. MEEZRERE ~FRRALTIHEMIRE [21] P&, ZFHR, %5, 5%  EMS A BT F 7 H i k4
[J]. HolkAH52,1990,7(1) : 53— 60. B K (3. VR 4l B 2%, 2022, 50 (10)
[11] 75 .t R S RHBORE —— I W 58 25 3 B 4 3 0 A 5 94—97.
LI e, 2009(3) : 1719, [22] FERIZE RSCH BB 4 EMS 728 4 JLXF 21 4
(12] Wi AR . O W 5 2 058 07 A5 480 5 A9 2k B ML ) T FH R AW AR T]. B 2021(6) : 15— 20+ 34.
(D =M A KA 2021 (23] @532 EMS 48 b UG B IHAS B R0 & 5K
(18] EBE GRH I TUHOF . WS A ST B M 22 5 3% SHREEWD]. A0 28Rl K, 2021,
B A e e (1), ALK A CRARB RO . [24]) #0R) BB B IEE S . S4B R EMS S Y
2006,36(5): 773—1776. it SEPEVEA [T ], B 4 2018, 32(10) : 1889— 1897,
[14] akoictlp, EBUE BEDRE 55 | T8I 5 = ot W A A R A8 (251 LU L ITES A EMS VS5t i 5 Bl T
S R I B 2o R HG TR AR J A B R B AR L C /v [ A AR ) e SR g B [T, 1l 7 4l BE 22, 2021, 49(7)
S 2 20054 R K& TFARSE AR BFA 23 R B0 902806,
2005:113. [26]  Z2M5. EMS 4 52441 G 85 09 SRR IFGE (D] IR A1
[15] M. EWE 5 = Je Sk 2R R A P HRe s [T]. & & B AR A K2 2014,
B4, 2005,24(6):7—9. [27] T XA 1R EMS VA8 XA R T 0 &
[16] EFEHOLbREMZ 02 BOR R TR 30 R —— & 2F T 4 5 BV 9 [T/OL]. 4 TR E Fh: 1— 10

I :GB/T 2930.4—2001[S]. m E AR bt , 2017.
[17] ZFEF . EMS QI 2 M 5 & R 2AK[D]. Sk ik
FRA L 2, 2020.
(18] #hE o, RIKFK A Hi+, % EMS I FRIEAR 1 5/ %

[2022—08—14].
[28] TR &, EBEH ATAE , % EMS B R AEKFEE fp
BN FILT]. 74k, 2016,10(6) : 247 — 249.

Effects of EMS mutagenesis on seed germination and
seedling phenotypic characteristics of Astragalus cicer

LA Hei-mai,DONG Wen-ke,MA Fu-qin,ZHENG Yu-qin,SHAN Ya-ning,
MA Fei-yang, KANG Ting-ting, MA Hui-ling"
(College of Grassland Science , Gansu Agricultural University,Key Laboratory for Grassland Ecosystem ,Ministry

of Education, Grassland Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for Grazing Land Ecosys-
tem Sustainability, Lanzhou 730070, China)

Abstract: [ Objective] The study was carried out to explore the effect of EMS (Ethyl methyl sulfone) on the
germination characteristics and phenotypic changes of Astragalus cicer seeds. [Method] Taking the seeds of A. cicer
cv. Ganlv No. 2 as the test material, different concentrations (0.0%, 0.2%, 0.4%, 0.6%, 0.8%) of EMS were
used for the treatment of the seeds for different time (2,4,6,8 h). [ Result] The results showed that low concentra-

tion and short—time EMS treatment promoted the germination of A. cicer seeds. With the increase of EMS concen-
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tration and the increase of mutagenesis time, the germination of A. cicer seeds was inhibited. The conductivity of the
seed extract showed an upward trend with the deepening of the mutagenic conditions. At 2~6 h, the germination
rate, germination potential, seedling length and root length at the germination stage first increased with the increase
of treatment time and mutagenesis concentration, and then the germination rate and germination potential of seeds
were the lowest when the EMS concentration was 0. 8% , which were 54.45% and 56. 67 % lower than those of con-
trol, respectively. Through scientific screening, it was found that the seedlings of A. cicer showed special variation
characteristics such as dwarf seedlings, stagnant growth, yellow leaves, wide leaves, narrow leaves, purple leaves,
and many disease spots. [ Conclusion] Comprehensive analysis showed that 0. 8% EMS treatment for 6 h could be
used as the best mutagenesis combination. The growth of seedlings was obviously inhibited with the increase of muta-
genesis time and concentration, and the types of phenotypic variation also gradually increased.

Key words: Astragalus cicer; EMS mutagenesis;seed germination; phenotypic characteristics
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