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Abstract: Oat (Avena sativa) is an important forage crop worldwide, and it plays a critical role in alleviating the
forage shortage in northern China. Identifying salt-tolerant germplasm and using it to develop salt-tolerant varieties
are essential for enhancing China’ s forage supply through oat production on saline-alkali land. To evaluate the
salinity tolerance of oat germplasm lines, a diverse set of 213 oat accessions sourced from 52 countries was subjected
to 150 mmol-L " 'salt stress treatment at the seedling stage for 7 days. Six growth indexes, namely root length,

seedling height, root fresh weight, seedling fresh weight, root dry weight, and seedling dry weight, were measured.
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A comprehensive evaluation of salt tolerance was conducted using correlation analysis, principal component analysis,
membership function analysis, and cluster analysis. The results show that all growth indexes except for seedling dry
weight were significantly reduced by salt stress (P<C0.05). The values of these growth indexes differed markedly
among the salt-treated oat germplasm lines. The coefficient of variation for the salt tolerance coefficient ranged from
12.21% to 30.74%, indicating considerable diversity in this oat germplasm. We detected a significant positive
correlation between the growth indexes and the multivariate evaluation value (D value). Through principal
component analysis, the six evaluation indexes were consolidated into three multi-trait indexes with a cumulative
variance contribution of 84. 14% . Root and seedling weights were identified as the preferred indicators for screening
salt tolerance at the seedling stage. The membership function analysis combined with cluster analysis grouped the
213 oat accessions into five classes. Two oat landraces originating from Portugal and Turkey had the highest D
values, and were identified as highly salt tolerant germplasm resources. These germplasm materials represent
valuable resources for oat cultivation in saline-alkali soils and for breeding new salt-tolerant oat cultivars. There was
no significant difference in salt tolerance between oat cultivars and landraces, suggesting that salt tolerance has not
been a primary breeding target for oats. This highlights the need for focused efforts towards breeding salt-tolerant oat
varieties. Overall, the results of this study provide a robust framework for screening salt-tolerant oat germplasm
materials and identify promising accessions for genetic improvement and cultivation in salinity-affected regions.
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Wit 5 4 R A A8 A DA KOS A B G , 3R Ak Bk A kAN A 7 i T BRI R R 3R R R e K
[, 4% 2 R Bl b 14 A i B2 0 9900 7 hm?, o 3 [ B M ifd AL 3T 10. 3%, T2 4 W‘ﬁfﬁfjblf\ﬂ% VG b N i K A
Jev i X, R A e F BT E M E R Z T SRR, B 3R E & POl i P R R ) B R RS
BT ARG S A IR R P S H AR L SR %Iﬁﬂafﬂkﬁ%ﬂiﬂ%ﬂ"% [ I 5 ) 11 4
B 11 3 35 31 4000 T3 t, H Bl 5 5 R RE £ 454 T G0RN 3 POl BB A0 HE 9 X — i DR — 25T K SR, E DR R
MRAE )4 2 WS AE ST, A BF 4t 95 500 5 MR B A ™ ] e o b 2 () 32 B 7™ J B T o PRI R R b E AT
T R P O AR IR AR AR E R 5 A S E AN RO R . R T L L EY R
FESR R ZEFRFEAL A A K R IR SR, PR I O A 5 R B U, B R R O S B AR AR A

He 42 (Avena sativa) B J& T RAFLHE A B | I 42 BR800 18 B AR 4, A J2 3R 51 6 5 X A% Ge i AR 3 HAE D
VE Ay ) B, e 22 e HL AR W de K B SR M GE M) AR R T RO AR B A o 1226 ~150%0 2 R A s W AR
RGBT SR U e HAT R 0 T 36 RE 7, RT3 A AR R A A T ok A A RIS AR B B AR
ol R AR R (SRR R A R B R A T B M (R UEjﬁﬂuhinnﬁFﬁ’fﬂ#ﬁﬂkﬁﬂﬁﬁ Tt 56 B 1
38 AN AL, T SRR B b P R R A R R R PR U A T S — 2 T e A P T O U T R R DA O a2 it
ER0 BT, T A P O 1 HE 27 A

H T E A AS B 5 % 308 22 Pl 5 8 U %) i 1 R AT T VRN, OF S L R P AR S SR X SR A Y K £
B ek HE 22 W A ST TR R e T XS T B0 3 — XoF R W 3 A AR R B4 P B 22 L AUAS 2D BRI 9 X 2 ek 3 S S A T
W ERPESEAT IR  BA RS R B, 0 R A AR M S b AR R I SR MR T B AR OGO R
F Ji 3t 7 b IO 0 YR v 300 R 1 2R 0 VYt e T Al 5 0, X R A 2 22 TR R ML LA B i R e LA B S
BT, AR FY AR I 05 4R 3 1 ok B 524N R Y 213 1y 2% e S R ST W U S MR, 7E 1 1 647 150 mmol -

L' NaCl Ay £k i ab 2, 58 W30 7 d J5 00 2 98 22 &0 B A ARG s AR 6 i R 1, DA B i B o R T SR B A B
J W R M 0 A 8 A 8 2 D 25 A BT R SRR A3 AT L S A 43 BT SRR R R o3 BT R R S 43 BT A 1 6 HE A T T
ERPEHEATZR A AN, LI O 3 g 27 i Dk A AR AL AL R



55 35 B 6 W Ol 2E 3] 2026 4F 51

1 MRE5FEE
1.1 XA
PR R B M B VR Uz st AR Z RN R Y 213 M R T BV B ORAE T m AR KR AR A S A W
REFEBE . 2130y Z2 0 M e 22 B DU | T 57 524 [ 5K, 1 AR 4l G b 38K V5 K00 40 o 11 A4S Ml B2 A 46 R I o
5T 224, o AP ST 1143, SRR BT 8 4y, PE R BT 36 £, AR U AR BT 12 43, JL SE A BT 25 403, R S8 R BT 3 4y, R
AN 4 6y, 2R WCRD BT 23 17 mzmzua%&mmm&%%%mm 213 {5y e A2 T J5t v A, 5 AR B R /i AR
64 10, Moy FP 14943 (2 1) .

F1 23X FEMRERERETERL
Table 1 Geographical origin and breeding status of the 213 oat germplasms used in this study

e H EP3 Tih BT HHRE KU H EP3 [idrE e wHRE
Origin Country i Germ- Breeding status Origin Country Germ- Breeding status
plasm & g FFh Hb )y A plasm & i Fl oy
number  Cultivar  Landrace number  Cultivar  Landrace
R 1 [H China 11 3 8 KM Oceania WK Australia 4 4
East Asia ¢4 [ Mongolia 10 10 AREK East Eu- /1 F . Bulgaria 7 5 2
] North Korea 1 1 rope $E 78 Czech Republic 3 3
I Bl & ¥ Afghanistan 6 6 37 P %E Lithuania 1 1
Central Asia {Jt %] Iran 3 1 2 J /K £ I Moldova 1 1
I 5% 50 73 Kazakhstan 1 1 I % Poland 2 2
TR T Wi iE Kyrgyzstan 1 1 %% 17 Russia 6 6
R EJ India 7 7 15 5¢ 2% Ukraine 3 3
South Asia [ JE 17 3 Pakistan 1 1 "X Central 2% % Finland 1 1
(12 % JE . Armenia 3 1 2 |Europe 7% # France 2 1 1
West Asia 64475 . Georgia 3 1 2 1 Germany 2 2
L) .57 Tsrael 1 1 PGB Spain 6 1 5
Fif £ Oman 3 3 Fii 1 Sweden 3 3
[ #0748 Palestine 3 3 Y& [H United Kingdom 1 1
BRI Syria 3 1 2 i B /K B JE IF. Albania 3 3
+ HH Turkey 16 1 15 Mediterranean i /R % #1| F. Algeria 4 4
[T € 7 ik Azerbaijan 4 1 3 11 2% Bosnia and Herzegovina 13 2 11
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13 F 3k Uganda 1 1 2 % Egypt 3 3
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Jt3&¥ North %k Canada 6 6 R Ttaly 4 2 2
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Table 2 Salt tolerance coefficient and 6 growth traits of 213 oat germplasms under salt stress conditions

PEAR Xt B4 Control AbHEZ] Treatment [EDEE STC 28 5 R H B
Trait Bl S - BT 22 Bl S {1 - BT 22 Salt tolerance co-  Coefficient of varia-  Signifi-
Range Mean-SD Range Mean-SD efficient (STC)  tion for STC (%) cant
RL (cm) 6.25~23.70 14.0843.32 6.80~20. 20 12.7042.87 0.90 19.91 ok
SH (cm) 18.60~38. 70 28.20£3.97 16. 50~35. 30 25.00+£3.84 0.89 12.21 ok
REW (g) 0.007~0. 069 0.032+0.010 0.009~0. 056 0.028+0.011 0.88 30. 74 ok
SFW (g) 0.081~0. 340 0.190+0. 056 0.053~0. 280 0.160+0. 048 0.84 24.03 koK
RDW (g) 0.0016~0. 0084 0.0046+0.0013 0.0014~0.0074 0.0041-0.0013 0.89 28.85 Kok
SDW (g) 0.0074~0. 0330 0.018040. 0054 0.0068~0. 0310 0.0180=+0. 0053 1. 00 23.68 ns

I RLRK ;SH, B H s REW AR SE s SEW, # if 5L s RDW AR T 1 s SDW, B 8 3 0032k 18 0. 001 K P F 238+ RR7E 0. 017K i3, ns R
TE 0. 05 KF A, F Il o

Note: RL, Root length; SH, Seedling height; RFW, Root fresh weight; SFW, Seedling fresh weight; RDW, Root dry weight; SDW, Seedling dry
weight; *** represents significant difference at the 0.001 level, ** represents significant difference at the 0.01 level, ns represents non-significant

difference at the 0. 05 level. The same below.
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Table 3 Variance contribution of the principal component derived from the salt tolerance indices of oat seedlings

T W1 4E FFAE A Initial eigenvalue & 2k g7 °F- J7 A Extract square sum load
Principal FRAEME 7 22 SRR Variance By 2% 51k % Cumulative EERNRIEN 7 2 TRk ZE Variance  ZFH5 2% 51k Cumulative

component  pioepyalue contribution (%) variance contribution ( %) Eigenvalue contribution ( %) variance contribution ( %)
1 3.60 60. 04 60. 04 3.60 60. 04 60. 04
1l 0.88 14.71 74.75 0.88 14.71 74.75
0.56 9.39 84.14
I\ 0.44 7.41 91.55
vV 0.38 6. 30 97. 85
Vi 0.13 2.14 100. 00

F2 A A3 2 A P RE B W A AN VT 48 AR R R AR B . 4% R B A M R (R 4), a4 T
R A B R B 3R A AR T AR EE AR T A SC R B4 0.91.,0. 88 F10. 80, FE A Il SR T H
B AH S PR R K M R 0. 77 38 B4 (I 45 7 5 0 AH OGPk B o X 100 BT RR e E RN S, A RO T S T 4R
P2 YA O
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2.2.2 M EFEECD A5 4 MR Z R A S P R4 NERKERBEMSHTER
K JT S T B KR 40 BT 2 T Eh 8 B D 45 5 SR Table 4 Loading matrix of the 6 growth traits on the principal
components
4 — DA S > Vi = ¥
DR T0.03~0. 80, F H {9 0. 50, 2 5 5 4 EWRS MK WE REEE WSE RTE WTE
KF)21.40% s U‘E%%'/I\ﬁtfﬁti_’ggi*j L2 1] BB R Principal ~ Root  Seedling  Root  Seedling  Root  Seedling

%:EE i’ijﬁ , 1, % B TZEHJJ‘J\E(ZEE fe @zi’i% 'Xﬁ'} 213 compo-  length height fresh fresh dry dry

. . nent weight  weight  weight  weight
{5y e G R AR CJRL LA L K b 40 T o o e o oo
B (I 1B) , BRAR I A3 = 40, AR $8 bn 2 (8] 3 B 3% I 0.410 0.330 —0.100 0.007 0.770  —0.052
AR . 64 KA brpy S R (f 4 5 D 2 3% M —0.300 0.250 —0.280 0.310  0.140  0.200

[ (O8] S W (o) ~ ] el
(=] S S S (=] S S S
1 1 1 1 1 1 1 J

KRR Material numbers

104

0~0.10 0.10~0.20 0.20~0.30 0.30~0.40 0.40~0.50 0.50~0.60 0.60~0.70 0.70~0.80
DIH D value
B SH RFW SFW RDW SDW D value 10

0.24 0.14 0.22 0.22

RL 0.11 * Fodok 0.8

0.6

SH
0.4

1 HENEKMEKRRERABERDEEBEXXRE

Fig. 1 Correlation between the membership function of 6 growth traits and D values in oat

RL AR SH, 8 % s REW MR EEE ; SEW, # if T ; RDW MR T ;SDW, # T 5 D value: Do #3878 0.001 KF T B3, *+K R 1E 0.01 KF 2
Fins ®RE 0.05 K F A F . RL, Root length; SH, Seedling height; RFW, Root fresh weight; SEW, Seedling fresh weight; RDW, Root dry
weight; SDW, Seedling dry weight. *** represents significant difference at the 0.001 level, ** represents significant difference at the 0.01 level, ns repre-

sents non-significant difference at the 0.05 level.
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S 0. 80 0. 74, 43 i & K A H5 4 F (45 124) A+ B L (G5 182) i 1l 75 it B 5 Tid 6 25 HF A0 5 1033 M4k, o5 4t
MR E B 48.36 % , DA 0. 51~0. 69, H st J5 it Flv 74 3, & B Bl 29 4y s ST ER 28 D 0. 35~
0.51, 3547 95 G A kE, o iR b RE R B A 44. 60940 , A5 Hb )5 i Fh 64 43 , B B Bl 3140 s SR AURSSHEA 12 0 MK
i BER AR BB 5. 63%0 , DAE R 0. 15~0. 33, A 56 1 7 Bl O 03, B B Bl 3 03 5 i 3 4 OB AT 10y, i it

B2 EFZEFMDEMN 213N HREMAMMRERLESH
Fig. 2 Cluster analysis of salt tolerance of 213 oat germplasms based on the D values
T e T 6 280 5 1T i 5 280 5 TIT op 25T 3 80 5 TV . Eh 0880 5 Vo A B 3 R . 1. High salt-tolerant; I1: Salt-tolerant; I11: Moderate salt-tolerant; 1V :

Salt-sensitive; V: Hight salt-sensitive.
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AR 0. 47% ,DAE R 0. 035, S 2K I % x5 TEMERBEMEERSHEMBIEEMTED T
07 A Table 5 Analysis of variance for salt tolerance index of oats from

different origins and with different breeding status

2.2.4  ASTE] b 3 SR R DL KA [R) 0 7 R A HE 22 b

BRI AR VE VT B AR TR U L T MR A TR T A
Source of variation Degrees of Sumof Mean F P
(3t 7 i b 5 75 0t o) JHE 2 93 O AN TR DS freedom  squares square value value
T5 2 M R W (F 5) , A [R) R R LA A ) & H3 5 U5 G eographic origin (O) 10 0.0840 0.0084 0.72 0.71
PR A5 e 2z A i SR HR B BIE E B 2 R L H PR Breeding status (B) 1 0.0068 0.0068 0.58 0.45
MAE S R EFE (R 6), K B 2R BR Y #E 22 B 8} OXB 11 0.0840 0.0076 0.65 0.78
Rk AR S R, R 33.30%0, HOk &Sk B TR R A AR %% Error 201 2.3500 0.0120
#6 AAMRURAFREERSHEZMATEMREHDEZTRER
Table 6 Variation in salt tolerance index (D value) of oats from different regions and with different breeding status
i H 105l 31 P ife 22 A5 5 R
Item Range Mean Standard deviation ~ Coefficient of variation ( % )
b A 5 % East Asia 0. 38~0. 64 0.50 0.07 14.00
Geographic origin 1 Central Asia 0.33~0. 65 0.51 0.09 17. 60
¥ South Asia 0.32~0. 56 0.47 0.09 19.20
P4 T West Asia 0.26~0.74 0.52 0.09 17.30
1k Central Europe 0.20~0. 65 0.50 0.12 24.00
ZRBR East Europe 0.03~0. 68 0.48 0.16 33.30
Hi P I R Mediterranean 0.20~0. 80 0.50 0.11 22.00
Jt3E ¥ North America 0.28~0.66 0.49 0.09 18. 40
M2 South America 0.51~0. 66 0.59 0.08 13. 60
AW Africa 0.26~0. 64 0.50 0.12 24.00
KM Oceania 0.42~0.46 0.45 0.02 4.44
PR IRE Hb 77 Bl Landrace 0.20~0.80 0.50 0.10 20. 50
Breeding status & A Cultivar 0. 03~0. 69 0.50 0.12 23.56

YA FHE 22 R BT, 240 2400 00 , 150 BH 3 26 by [X 1% e 22 itk P 742 S B 2 o b D i R ORI R 80 A R M G 1B 2
S, X U] H TR Z280E Fhos B IR RKE T Ry EEE R ARz — .
3 Wig
3.1 #piaxtREGHMERG Y A

WFFE R WY, £6 38 25 KA AE W &)1 0 6 K 43 0 W W g g, L2 0ok o 6 25 - 0 ARSI N, S B AR 40 M D e
REEAR O B A FH 20 T 900 o) 0 1 G, SR R i o R AIC AR AR S, AR R A R BF ST, #E 150 mmol- L' NaCl
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