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Abstract: To optimize the EMS-induced mutagenesis technology of forage oat (Avena sativa 1..) and improve
mutagenic efficiency, seeds of Oat cultivar ‘Qinghai 444” and ‘Zhongtian No. 4’ were used as materials in this
study. PEG osmotic priming was combined with EMS chemical mutagenesis to screen for optimum compound
mutagenesis conditions for forage oat. Based on the germination characteristics and seedling traits of the M, gen-
eration in the two oat cultivars, the pretreatment conditions of 20% PEG for 3 h and 10% PEG for 6 h were found
to promote seedling growth. The optimal EMS treatment conditions were 1% EMS for 16 h for ‘Zhongtian
No. 4’ and 0. 75% EMS for 16 h for ‘Qinghai 444°. Through a comprehensive analysis of field agronomic traits
at the milk stage in the M, generation after combined PEG and EMS treatments, it was found that 30% PEG for
3 h combined with the optimal EMS treatment produced the best results for developing germplasm with high-
yield potential in both cultivars. Under these conditions, the mutagenesis efficiencies of the M, population were
2.40% for ‘Zhongtian No. 4’ and 1.26% for ‘Qinghai 444 , respectively, and a total of 22 germplasm lines
with high-yield potential were obtained. These results provide a rich material basis for subsequent oat breeding.
Key words: Forage Oat; Mutagenesis; EMS; PEG ; High yield ; Germplasm

Me & (Avena sativa L. ) J& B B 1) 18 3 FAE 2t ViR SR SR X A, e
Pt TR FE S T SR SR N EFR E PR AL AR E R FE , B B IE i AnT

75 B H#3:2026-02-23; 18 @ H#8:2026-04-19
{EZ B AP AR AL (2001-) , L, DU, 7 W5 105 A4 N 00 5 A, 32 20 D= 40080 B I W08 R 5 3 % & R F 9%, E-mail : zhihua@nwafu.edu.cn;

38 {55 /£ # Author for correspondence , E-mail: yafang.wang@nwafu.edu.cn



2858 B

S 34 4

T AL SF 4 & B, R H AN (B R 35 SR, T )
MM R A A B =l o A o R T Bt — DR
(e MBS Y P B TR BT R N M X 4 3 1)
AT 5k R A EEE L,

V578 B R 0 35t A% R A R B 1Y) 2
F Bt . H 3 i B2 £ B§ (Ethyl methanesulfonate,
EMS) & — i 209 e A0 185 A2 0], ] 3 3 B R R A
MOEAR BTz N H T KR (Oryza sativa) /N2
(Triticum aestivum) , LK (Zea mays) FAVEY) 095 4%
R EMS 5 AR R R 1 G B E TR o
A 5 IR A AN AR AR T e AR R HoRT—
J R FH 2 B8 A8 Bl B0 R i B i EMS 572 58
JE , DT S 7 2 7858 450 3 R A R 1 A7 06 R T A 2
AR A MR AR AR L SR, AN [ B PR L R L
X EMS (4 UM A7 AR 3K 28 57, BB AR RN by 32 b
T F B S R R AR BIDIR 25 A LR S, R i EMS
AR R AL IE A B R T A W, H A,
EMS 175 42 75 1] 1] 6 22 & Fh o (9 B 58 0 T /D, HL i
Jo X 5 72 J5 AR )35 AR OR AT R G WEIT .
SR B T ) FH M6 32 19 355 78 ONE , AR WF Y 2 0 ) ] ki
AT R AL B, DL EMS 8 A2 b1 By Bl
W5 B L 9K 5 2R R & Z B (PEG) X 6 22 Fh ¥ #E 47
15 375 P T AL PR G A R K S G [ A K
VIO o= D S 1 20 LA, DT 3K B EMLS 5728 114 650
RS . AN [A] EMS W B RIS R R A Y & 2
AR AN B RV 0 8 Bl EMS 35 7428 b 3 (o B0E
) o TEMEERE RIS 19 PEG 2 3% 475 4%
5 s EMS 75728 b B 25 5 L 0 18 MR R A &
PRV TR S 2 AR kR, LAY S AR B i 5 EMS
V78 1 e R[], A 0 ) 3 22 i b T B AR R S T i

1 #REF=E

1.1 R H R

Pl FI e 22 Bl 108 K 45 Celt v AR
FlogBe =2 0N & P58 25 0 5T BT 4R ) A g 444°
(R R R ER R 1D .

1.2 REFHZE

1.2.1 PEGHE AP ATAE L4 PEHEK/N
BA) M Y B2 A R, 4 T 0%6,10%,20%
30% W B 1 PEG-6000 % W2, & F 150 r-min ™
PR R TP AT AN TRIEHE] (1. 5h,3h,6 h,12 h,24 h)

() 7% T Ab B8, T A R K 0P Pk 5 min, #EFF H AR B TS
HEAT B 2R

1.2.2 EMS#F & &4 it EHER T LKL
J& , FZE I8 K 4°CIZ I 4 h, FH WK 48 25 B R 7 36 imi 5%
WK Ay, A A e BE (0%, 0.50%, 0.75%,
1.00%)OEMS-PBS %, Ab B8 h, 12 h I 16 h, 4 12
A E A B E L HS Yo ABR R A AT
fif 2 30 min I UK whik 2 h, #0497 A& 27l 50 .
1.2.3 #FHK  FZEWAKRIEM 7 &4 (phy-
toTC 2 "l A7) B b B 18 5 F 43 8O P 7 Kk 2F
4, 7E 2000 1x,25°C/20°C, 16 h/8 h 6 i 1 15 55 4%
PEF AT & 7R 55 10 KRG R F I R ZF R . R4l
A BRSO RLFP -, 3R E K . BN AL ER 10 4
e 4 M IR R K

1.2.4 PEGHWF EMS A &#F T 4® Wili PEG
b BR K 2R 0 40 45 O vk 4 4> PEG 4 B4 4 (10%
3h,20% 3h,30% 3 hA110% 6 h) 4k B He 3 fil 7,
SRIG SR 1. 2. 2 i ik 1) fe 38 EMS 5 48 2% 1R i 47 4b
M, BiIETEMAMFETEFRET,H 50 mg- L™
() 7% 55 2 (GA JEAT AR b B DL iF 1 A8 B -
Ko VAARIEATAT AR b () Ff 74 X BR (CKO o
1.2.5 EMSAGHEHAMMAERRLE R RS
A B R4 AT PEG FMTEMS 5748 & & 4b
BLH A th R 450 M I 4447 £ R RS S R )
1 Sk 208 ki 1 238 i, [H] B A AR SR 28 b B B F 1R
X IR CCKD , M AR AR F 75 b A MR BRHE K2 4R =
o OB 35 45 1 2 2000 1x, 25°C/20°C, 16 h/8 h )t J&
B, A S BRRCRR . ML AR MR AT T 2025 4F 5
J PR AE 5 i A8 U8 X VD R B R A (101759 E,
36742/ N, B RRAT FPAE 16 0%, 7HK , 47 5 F0 0k I 24
40 emo FLAV] ] A 20 PRIk U A bR L A BE
B A R ZEHL B 7E LA X S ik
FRIEFEA ARG 4 BRI E A 2R AR ] i i 5 X BR
94tk o AW FE ARG M. AR 8] 2% 78 B4 40 1) 5 A4 o) A
FEAE , I 45 6 J5 2 98 728 R %5 7 FUR T 0 32 1) 52 B 5
KL LR E B PR S AORE A 0T bR R T
ST X B (E Y 30%0 0 5 748 80K Ry B A Ak B M,
A B RHE S M Rl 7 S8 E o .

2 HERESH

2.1 PEGAMEHAFMEMFIAL R EE KA
AN [) BsF 1) R0 e BE 1 PEG &b B %6 6 A &y Fh He %



%8

AL PEG AL 3R B T Bl 7~ EMS 15 728 2007 #1952 1) 2859

i 2% 2 3 (P La AP 1D FAR G (I 1e AIAT 1D %

A8 35 R (N B AT 2 3E R IR (P<<0. 05) (] 1b

FE 1e),20% PEG 3 h Al 10% PEG 6 h 43l fi2 if

TR AR T 444 IR . TR
@ (b)

a
\eloo-aaaa ad 4a, faad E10—
T3 3¢
51
EH.’E %ﬂ': \yg) 6
< =] <S5}
K g 50 Hw
F2RE £ 4
=] —
= g =
N ] 8 2
&) %]
0 0
15h 3h 6h 12h 24h 15h 3h
(d) (e
loo_aaag aaa? aaaa aaa? aaag
X £
. 2 2
V S
I e uz
@2 g 50 '
o RE k|
° 5
&) %%

12h  24h
KPR} A] Treatment time

0
I.5h 3h 6h

1.5h 3h
KPR} A] Treatment time

(0 4 25 5 ) A KRR, 90 20 R % ] — &b B ] R
(3 AE PEG ¥ FE (10%, 20% F1 30 %) Je Ak v i
(10% PEG)AH X} ZE 4 B 8] (6 h) H F J5 28 93 #f PEG
A B X EMS 175 28 R0 9 52 1

—~
o
~

a

anda m0%

S g llgg/o

= »20%

B 30%
Q
g
=2
W

= 0
6h 12h 24h I.Sh 3h 6h 12h 24h
(H
ayd aaaa 5
=
B
5
g
=2
W
= 0
6h 12h 24h I.5h 3h 6h 12h 24h

Kb PRI} A] Treatment time

1 PEGHETAMEXS 24 FRZE MM A F IR K4 8 £ KBS0
Fig.1 Effects of PEG pretreatment on seed germination and seedling growth of two oat cultivars
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Note: Different lowercase letters above the bars indicate significant differences at the P << 0. 05 level based on Duncan’s test. The same as below
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Fig.3 Effects of combined PEG and EMS mutagenesis on seed germination and seedling growth of two oat varieties
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Table 1 Field mutagenic efficiency of M, population by the combined PEG and EMS treatment in ‘ Zhongtian No. 4’
b
Tre%jfem A b ¢ b g
Wk AR KRR 1%.?}[5&?: RARE ﬁ%‘%ﬂ AR ﬁi%ﬁ? R 15’2’%’(? KA 17‘515&?
Trait Mutant type Number of Mutarlon’ Number of Mutation Number of ~ Mutation Numberof ~ Mutationf ~ Number Mutation
mutents  frequency/%  mutants  frequency/%  mutants  frequency/%  mutants  requency/% of mutants frequency/%
i B Increase 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Plant height/cm Ji» Decrease 0 0.00 0 0.00 2 0.96 5 2.40 2 0.96
B H4 Increase 4 1.92 5 2.40 6 2.88 6 2.88 19 9.13
Total tiller/number /b Decrease 10 181 9 4.33 21 10.10 2 1154 17 8.17
A 808 1 Increase 2 0.96 5 2.40 6 2.88 9 433 19 9.13
Effective tiller/number /> Decrease 17 8.17 16 7.69 32 15.38 39 18.75 62 29.81
et i I Increase 2 0.96 0 0.00 0 0.00 0 0.00 0 0.00
Flagleafarea/em’ /b Decrease 3 1.4 6 2.88 13 6.25 14 6.73 23 11.06
E3i| $41 Increase 1 0.48 1 0.48 3 1.4 0 0.00 3 144
Stem diameter/mm /b Decrease 1 0.48 1 0.48 0 0.00 1 0.48 1 0.48
FHk H Increase 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Main panicle length/em i 1> Decrease 0 0.00 2 0.96 3 144 3 144 4 1.92
7 B Increase 1 0.48 3 1.4 2 0.96 2 0.96 5 2.40
Fresh weight/g /b Decrease 6 2.88 9 4.33 14 6.73 21 10.10 2% 12.50

TE AR 2K IR 3 h 5 2 EMS LB B A0 7 ] 1026 PEG A BEE 3 hJ5 22 EMS b Bl C 7] 102 PEG Ab L6 hJ5 22 EMS Zb 35D
T H 20% PEG ¥ 3 h /5 4 EMS A HE E R 1 H 30% PEG 43 3 hJ5 4 EMS 4bF

Note: A, distilled water soaking for 3 h followed by EMS treatment; B, 10% PEG treatment for 3 h followed by EMS treatment; C, 10%
PEG treatment for 6 h followed by EMS treatment; D, 20% PEG treatment for 3 h followed by EMS treatment; E, 30% PEG treatment for 3 h

followed by EMS treatment
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Table 2 Field mutagenic efficiency of M, population by the combined PEG and EMS treatment in ‘ Qinghai 444°
b
Trifrfem f ¢ f : !
i P REHE MM E%16 MM EY 6 MM (316 %Mi (Y6 %Mi
Trit Mutan ype Number of Muumon’ Number of Muumon’ Number of Muumon’ Number of Muumon’ Number of Muumon’
mutants frequency/ % mutants frequency/ % mutants frequency/ % mutants frequency/ % mutants frequency/ %
33 B Tncrease 0 0.00 0 0.00 0 0.00 1 042 0 0.00
Plant height/cm /> Decrease 5 2.10 4 168 8 3.36 0 0.00 8 336
B HEIM Tncrease 0 0.00 5 2.10 13 546 7 714 2 9.24
Toteltller/mumber 5> Decrease 5 2311 % 1176 il 29.83 b 1176 21 8.82
HRE HEI Tncrease 1 0.42 9 3.78 10 4.20 2 8.82 16 6.72
Effective tiller/number > Decrease g 19.75 29 12.18 T 3109 2 9.24 3% 1471
TR S Tncrease 5 2.10 4 168 6 2.52 5 2.10 16 6.72
Flagleal area/en’ W/ Decrease 2% 1050 35 1471 65 2731 4 1765 2 1218
£l HEI Increase 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Stem diameter/mm W/ Decrease 10 420 13 546 31 13.03 7 294 13 546
FH#Ek HEI ncrease 0 0.00 3 1.26 1 0.42 2 0.84 5 2.10
Main panicle length/em b Decrease 15 18.91 29 1218 83 34.87 37 15.55 % 11.76
X S Tncrease 0 0.00 3 1.26 1 042 2 0.8 3 1.26
Fresh weight/g W0 Decrease 45 1891 29 1218 83 34.87 37 15.55 2 1176

T F R 288K 2 3 h G 4 EMS 4B G FhF FH 10% PEG 4bFE 3 h )5 4 EMS 4B s H AP T 10% PEG 43 6 hJ5 48 EMS 4b 3 TFf
FH20% PEG AR 3 hJ5 28 EMS 431 T Ff 7 1 30% PEG &b I 3 h )5 28 EMS 4b B

Note: F, seeds were soaked in distilled water for 3 h before EMS treatment; G, seeds were treated with 10% PEG for 3 h before EMS treat-
ment; H, seeds were treated with 10% PEG for 6 h before EMS treatment; I, seeds were treated with 20% PEG for 3 h before EMS treatment;

1, seeds were treated with 30% PEG for 3 h before EMS treatment
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Table 3 Traits of high-yield potential germplasm in the M. population of ‘Zhongtian No. 4’ induced by

PEG-synergized EMS mutagenesis

P ’f}k% Dﬁf% ’ ﬁ?ﬁﬁ% ‘ LN B B %*ﬂ ’ Eﬁt’t LR ‘ ﬁﬁ‘ +§ A

Name Plant height/ Total tillers/  Effective tillers/ Flag le’a[ F}ag lyeaf Flag’leaIW Stem diameter/  Main Spylke Leal number/ Fresh weight/ Dry weight/ Mutagenesis method
cm number number length/em  width/em  area/em” mm length/cm number g g

(K 149.35 24 13 40.9 31 105.50 10.00 3. 5 794.0 168.7 -

2220-2 1435 2 15 411 3.3 112.80 10.48 393 5 1080.8 235.9 4h+EMS
27229-3 148 29 12 412 31 106.22 10.57 384 6 11180 213.7 10% PEG 3h+EMS
27232-1 170.1 32 13 472 3.6 141.32 11.06 37.6 6 1330.0 289.0 107 PEG 3 h+EMS
27236-3 158.1 31 15 409 3.2 108.85 11.05 434 5 14240 407.6 10% PEG 3h+EMS
2251-2 156.1 36 7 36.1 3.3 99.10 11.25 41.6 5 1204.0 222.3 10% PEG 3h+EMS
27263-2 159.8 3 1 373 3 93.10 9.96 325 5 1456.0 2593 10% PEG 6 h+EMS
272802 140.5 2 7 423 31 109.06 10.23 388 5 10540 196.6 20% PEG 3h+EMS
27282-2 138.4 32 9 409 3.2 108.85 840 412 5 11315 265.6 20% PEG 3h+EMS
2322-2 136.9 33 14 505 31 130.20 8.70 385 5 1266.0 2705 307 PEG 3h+EMS
23254 1524 3 14 36.0 3.5 104.79 9.60 374 5 1349.6 253.0 30% PEG 3h+EMS
2334-1 1443 B 16 412 3.2 109.70 11.40 387 5 11443 241.0 30% PEG 3h+EMS
27339-2 1173 31 3 35.6 3.3 97.71 11.30 354 5 12265 2219 307 PEG 3h+EMS
22341-3 159.2 Bl 1 437 38 138.11 10.60 376 5 12940 230.5 30/ PEG 3h+EMS
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AR A AR o EOR TR R AR TR RS EMS
7578 390 ) UM R — B, R A R ) Rl i 7 A
FAEAR —8 . O R R, SR BB 7
HH0.4% EMSALH 16 h'™, K& 1 2F BE & N
0.4% EMSAbHE 16 h'' #4240, 7% EMS &b 2
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Table 4 Traits of high-yield potential germplasm in the M. population of *Qinghai 444" induced by PEG-synergized
EMS mutagenesis
o ’ﬁiﬁ ’ Eh‘% / ﬁ?ﬁ’ﬁ% K G HEER %*ﬁ ’ I%ﬁk it h / fif@ ’ +§ / it
Name Plant height/  Total tillers/ ‘ EHe"clwe Flag le’af F?ag l?af Flag ’leafn Stem diameter/  Main sglke Lealnumber/  Fresh weight/  Dry weight/ Mutagenesis method
m number tillers/number  length/em  width/em area/cm’ mm length/cm number g g
CK 1217 10.8 6.3 24 2.2 45.20 8 25.8 4 385.8 115.6 -
2Q485-1 126.0 12 8 206 24 41.12 7.62 292 4 505.5 1511 10% PEG 3 h+EMS
2Q486-2 126.7 20 1 209 17 29.55 6.67 26.1 4 682.9 186.1 10% PEG 3h+EMS
2Q493-3 1172 17 9 20.6 2.1 35.98 8.28 237 5 588.3 151.6 10% PEG 3h+EMS
2Q535-3 127.3 12 6 284 22 51.96 9.84 219 4 5033 125.2 10% PEG 6 h+EMS
2Q584-2 1341 13 10 19.2 2.1 33.53 .23 243 5 506.7 143.2 20% PEG 3h+EMS
2Q599-2 95.8 15 3 19.2 19 30.34 8.9 26 5 529.7 1138 20% PEG 3h+EMS
2Q614-1 1263 13 9 257 2.5 5344 742 2.3 5 5125 149.2 30% PEG 3 h+EMS
2Q623-4 123.2 16 9 25 2.6 54.06 1.25 217 4 588.7 142 30% PEG 3h+EMS
2Q630-3 129.7 15 10 215 2.5 57.18 7.61 30.2 4 660.2 185.6 307 PEG 3h+EMS
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AN R e 22 i Fl EMS 57228 J5 2 v 0 AR 4G, BV 9 T
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