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Abstract: The North and Northwest regions of China are major oat-producing areas. However o persistent
drought stress there leads to significant yield losses of oat production. The identification of drought-resistant
germplasm resources is therefore a core strategy for achieving stable and even enhanced oat production in these
regions. In this study, 99 oat germplasm accessions were evaluated under simulated drought conditions using a
10% PEG-6000 solution, with Hoagland’s solution serving as the control. A total of 16 growth traits—includ-
ing both aboveground and root parameters—were systematically measured at the seedling stage. Drought resis-
tance was comprehensively assessed through membership function analysis, principal component analysis, and
linear regression modeling. The results revealed a general decline in all measured traits under drought stress,
with aboveground dry weight, total root length, root tip number, and root fork number showing particularly
high sensitivity. Based on the integrated evaluation, the 99 oat accessions were classified into three drought-
resistance categories, and ten highly drought-tolerant lines—including ZYC-101, ZYC-38, and AM-124—
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were identified. This work not only provides a theoretical foundation for stress-resilient oat breeding but also

establishes a practical framework for the large-scale screening and utilization of drought-tolerant germplasm

resources.

Key words: Oat; Seedling stage ; Drought tolerance ; Germplasm evaluation

A ERAEAS WE OE H g5 R 5] & f R T
SR G 11k S AR A W WA, 7R A BRI R R
Y RAEY e R E R o TR IR
B TTZ N R S A A 7 T R R R A
MEERERZ Y, KRR L\ R T 585
TEY AR R O 52 e o AR R A S & e O T BT
A H e R B B, R A WK o B IR Ay R R
JEAE R 2 10 5 e VR 0 A K 5 a3 R RE T
3 £ 2544 (Root system architecture , RSA) AJ ) 7 4%
SR AR 2 D RE , HLTR 56 R SRR AR, AR AR SR T
FRAEXTVER K 43 RIHROR A T Guo
UM R E T RAMT AR E MRR
HRAAR R S 27000 AR AR B DA K 0] AR 0 o 3 52 B R
B AL, Zhou %W IR oY & LT 5 W 2 0] T AR
K AR % B (H 2 AR AR AR AR 9 i e A P
Tt. Esan%5% H % 2, Z#-6000C PEG-6000) 1 4|
T aE g5 LR, B A 20 45 WK A B g o 2 AR
B RN AR A E B B . A E SN BAE LA
AN TR it o A S A8 2 e 7 B A T S R R AL A T
FREE AR B S A AR R T AS T 5 0 Y
R A U AR fb AN B 25 5 [R) B i 52 60 B A AR B AR R B
R B O BT R e B TR TR
28 R L S @ R 7 L S R 5 S B NI
HyrRae A" SeRE, 5 a9 b3 s
PR o g T B SRR R G R I R Ak
T A0 T 4 B 4 e 5 A G, J0 A ZE R0 A 3R
B, FRMERWN TN AER, SRHELE
IRGE i R8N O HY B Al 38 L 38 R B
9, Zhang 55 AR, TR AR R AR A B
AL AT TR 4 N RO R R [ S A AR AT
HE AR EEIRFEARE TR, fEFR 2
25 A Y CIn ZE [ 1 S5O B & B0 BE T 5 AR B R,
GIER NG w10 o | 7 = T O T o) N
PER AR BR . Albiski 25RO BF 5T R I, MR 25
i N TR I - D R 7 S e RS
TR R I, 7R PR AG TSR A B e 1 2o R
SEE 2SO S M B N ) VAN T8 T
FE AR BT S HLHN , Ay T 5 5T 1) 38 7 4 it 4 TR 3

M (Avena sativa L.OVE N B E B YIEY

Z— T AT A EEVR T i T e A
Y S A XS VY b VY R M el S T
Al M IXUT AE R THIG H $5™ 5 8 T 5 R, 3K Y
W29 T At S LU v FRL & R e e
Pl RS B R B R A e LA AR Y
fiif 1 AR S T R AT A R e e Y O
b I DRI E | o D S DA SN o 5 A
I B Al T RF Lk A R 1 R SR N A B T IR AR
fift e A AE T 5L T 1 7 0 ) 538 AL

sK @ bR B A BT TE 22 N O Gk S PR O vk v e R
AR O LR S L T — R A 5 W 3 o B AH G
R P SRR i DR Y R A7 255 5 DA T R AR 0 B — otk
6 b, DT 4 T A G 4 1 e S T SR L )
U, Zhang %53 8 43 07 4 B Az KR 6 100 4 g
2z it B T PR HEAT T RGP AN A T AR T
Wi F O 2 — At R AP OB . Nabi 280 00 76 5 A4~
b T R AR IR 0 R 6, X 56 /e 2 KL DR R f 7 5
b7 A G MR AT T R B 40 Y 5 AL
T FEPE 5 7 SR ORI R R R R R A b
WHFSE R, 5T Z MR R G VAL 0 SRR R 0 B
5 v, A AR W 3 O AN R Bl R AP 2 AR
(35 T PR RN RS O, st i & A 5 B4R o R it T
Shy 4 TR AT 5 9 2 BT T B

A ST L 99 1 AN () 114 JHE 22 B I by 44 ek il 3 A5
LT E W8 (10% PEG-6000 &k B |, 25 4 1 B &
FEbR OBk 25 M B — b B b AR K R
MRS 16 T4 KA bR & 5 A E MM IR &R, R £
JIE 53 4 BT R 3R 2 BT 6 AN [] HE 22 i I 4 1 Y i S
P22 S AT A3 BT, A A AR M R e O i
AR B AT SRR, AR A A BT R Y
RGN R = iR i S R G N B
WA

1 ##5FE

1.1 sl

PR R Ay 0k B 9 99 A 3 22 4% 0 Fh IR R R L 3
FT LUV Al R 2 Al i DR YR AF 5 v L B
FRME 1R,



2120 A U A it o34 %
F1 HIAHEEMNR
Table 1 Tested oat germplasms
oI5 4 Tilt 5t 44 % Tif 5 44 T 52 44 LA il 5t 4
Germplasm number Germplasm name Germplasm number Germplasm name Germplasm number Germplasm name

1 7ZYC-11 34 ZYC-45 67 ZYC-78
2 7ZYC-12 35 7ZYC-46 68 ZYC-79
3 7ZYC-13 36 72YC-47 69 7ZYC-80
4 ZYC-14 37 ZYC-48 70 AM-81
5 7ZYC-16 38 7ZYC-49 71 AM-82
6 7ZYC-17 39 ZYC-50 72 AM-83
7 7ZYC-18 40 ZYC-51 73 AM-84
8 7ZYC-19 41 ZYC-52 74 AM-85
9 7ZYC-20 42 ZYC-53 75 AM-86
10 72YC-21 43 ZYC-54 76 AM-87
11 72YC-22 44 ZYC-55 7 AM-88
12 7ZYC-23 45 2YC-56 78 AM-89
13 7ZYC-24 46 ZYC-57 79 AM-90
14 7ZYC-25 47 7ZYC-58 80 ZYC-101
15 7YC-26 48 ZYC-59 81 ZYC-102
16 7YC-27 49 ZYC-60 82 ZY(C-103
17 7YC-28 50 ZYC-61 83 ZYC-104
18 7ZYC-29 51 ZYC-62 84 ZYC-105
19 7ZYC-30 52 ZYC-63 85 ZYC-106
20 7YC-31 53 ZYC-64 86 ZYC-108
21 7ZYC-32 54 ZYC-65 87 ZYC-109
22 7ZYC-33 55 2YC-66 88 ZYC-110
23 7ZYC-34 56 ZYC-67 89 AM-120
24 7ZYC-35 57 7ZYC-68 90 AM-121
25 7YC-36 58 ZYC-69 91 AM-122
26 7ZYC-37 59 ZYC-70 92 AM-123
27 7YC-38 60 ZYC-71 93 AM-124
28 7YC-39 61 ZYC-72 94 AM-125
29 7ZYC-40 62 ZYC-73 95 AM-126
30 7ZYC-41 63 ZYC-74 96 AM-127
31 7YC-42 64 ZYC-75 97 AM-129
32 7YC-43 65 ZYC-76 98 AM-130
33 7YC-44 66 ZYC-77 99 AM-131
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Table 2 The effect of 10% PEG-6000 treatment on the growth traits of oat seedlings

Motk Traits

%I BR 4 Control group WbFRZ] Treatment group

¥k Plant height/cm
ZE£Hl Stem diameter/mm
Mo I £ T Shoot fresh weight/g
b b1 5 Shoot dry weight/g
25—t K The length of the first leaf/cm
% — K The length of the second leaf/cm
% —n1 98 The width of the first leaf/cm
F MK Primary root length/cm
EVRE Total root length/cm
HHLEZ 1 AL Area of root projection/cm?®
M1 X The root surface area/cm”
R FH H %2 Average diameter of root system/cm
A% Number of root tips/ 4>
4 HC The number of root forks/ />
&£ H Root fresh weight/g
H T & Root dry weight/g

3.69£1.18" 3.26+1.11°
1.11+0.81° 1.684-0.50"
3.69+£1.18° 0.31£0.16"
0.04+0.02° 0.044-0.04*
12.8343.72° 11.6143.10°
12.02+3.22° 10.77£3.59*
0.49+0.08" 0.4640.08"
15.67416.00° 10.8044.55
135.47476.76" 93.68+67.36"
5.38+£2.93" 4.1842.53"
16.9749.24° 12.9847.78"
0.42+£0.13° 0.49+0.18"

285.394-258.06"

474.774424.08"
0.2240.14°
0.0240.01°

421.024389.34°

605.16=551.75"
0.28+0.16°
0.02+0.01°

VE 5 P B AR 2% o AN [R/ING SR A [ — 62 i 7 AN TR) Ak B 22 5 i 3 (P<<0. 05)

Note: The data is the mean + standard deviation. Different lowercase letters indicate significant differences in the same oat germplasm under

different treatments (P<0. 05)

R3 99BImMEMRET RME T HERFE TR

Table 3 Statistical description of traits in 99 oat germplasms accessions under drought stress

AR Traits /ME Min R Max FHI{E Average  FrifE22 SD AR AEK CV
#R 5 Plant height/cm 0.25 3.00 0.92 0.29 0.31
Z5# Stem diameter/mm 0.33 3.00 0.96 0.29 0.30
Hi b6 T Shoot fresh weight/g 0.25 5.28 0.87 0.38 0.44
M 3B+ & Shoot dry weight/g 0.07 6.83 1.04 0.67 0.64
55— The length of the first leaf/cm 0.35 3.32 0.84 0.28 0.33
25— The length of the second leaf/cm 0.16 2.74 0.92 0.29 0.31
5 —m % The width of the first leaf/cm 0.44 1.67 0.97 0.19 0.19
FAREK Primary root length/cm 0.07 3.04 0.82 0.37 0.45
BARE Total root length/cm 0.08 3.94 0.77 0.52 0.67
HRHEFZ 1 B Area of root projection/cm® 0.10 5.15 0.86 0.48 0.56
M1 L The root surface area/cm® 0.10 4.02 0.84 0.45 0.53
R Z -1 B4 Average diameter of root system/cm 0.48 2.75 1.19 0.33 0.28
HEAREL Number of root tips/ 4™ 0.11 10.71 0.94 0.90 0.96
M43 LEL The number of root forks/4> 0.11 8.88 0.99 0.87 0.88
AL Root fresh weight/g 0.08 4.36 0.86 0.47 0.55
M+ & Root dry weight/g 0.13 6.00 0.97 0.51 0.53
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Fig.1 Correlation analysis among growth traits of oat seedlings
VE « P o S e 2 I S e 7 A 0% R O BE  TRAL 8 (20 1) FR SR AE AR G, B 0 (J50E — D R s UM DG . SE0E R 7 M B A B ek A i T 48
o BB R B P AL/NEO) 8 IE 107 (9B FITAK bR T 3k (+ P<20. 05, %%P<C0. 01, *++P<0. 001) , %} fi £k B 7% H B AHE (r=1. 00)

Note: The intensity of the correlation coefficient is represented by color mapping. Dark red (close to 1) indicates a strong positive correlation, and

dark green (close to —1) indicates a strong negative correlation. Each cell in the lower portion displays the correlation coefficient value (rounded

to two decimal places) , while the upper portion indicates statistical significance (* P<C0.05, **P<C0.01, *** P<C0.001). The diagonal displays

identity correlations (7=1.00)
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Table 4 Total variance explained under 10% PEG-6000 simulation

WA FRAE A Initial eigenvalue

PEEUZR far S J5 A1 Extract the sum of squares of the loads

Ingff(;”\ems FHE( R e FHE( R 21
Characteristic value Variance contribution rate Cumulative/%  Characteristic value ~ Variance contribution rate Cumulative/ %
1 4.55 28.45 28.45 4.55 28.45 28.45
2 2.39 14.96 43.41 2.39 14.96 43.41
3 1.81 11.31 54.72 1.81 11.31 54.72
4 1.32 8.26 62.99 1.32 8.26 62.99
5 1.12 6.99 69.98 1.12 6.99 69.98
6 0.86 5.40 75.38 0.86 5.40 75.38
7 0.81 5.03 80.41 0.81 5.03 80.41
&5 10% PEG-6000 =T B 5315 5 RE 5
Table 5 Component score coefficient matrix under 10% PEG-6000 simulation
Fo Iﬁ%\l Eﬁiﬁﬂ Hiﬁs 355%\4 iﬁﬁﬁ}b Iﬁiﬁy\b‘ 35526}7
Principal Principal Principal Principal Principal Principal Principal

Ingredients
component 1

component 2

component 3 component4  componentd  component6  component 7

¥k Plant height 0.08 0.31 —0.13 —0.24 —0.16 0.16 —0.01
ZEHL Stem diameter 0.05 0.02 —0.19 0.48 0.11 —0.20 0.65
1o 1388 T Shoot fresh weight 0.10 0.26 —0.21 —0.07 —0.13 0.22 —0.09
b B FE Shoot dry weight 0.09 —0.05 —0.23 0.10 0.23 0.64 —0.20
5 —MK The length of the first leaf 0.09 0.24 —0.22 0.10 0.03 —0.20 0.20
55~ The length of the second leafl 0.07 0.21 0.13 —0.33 0.03 —0.38 0.14
S — M5 the width of the first leaf 0.07 0.04 —0.16 0.11 0.53 —0.45 —0.57
F MK Primary root length 0.11 —0.02 0.06 0.22 —0.57 —0.25 —0.35
HHREK Total root length 0.17 —0.19 —0.09 —0.13 —0.10 —0.07 0.04
AR Area of root projection 0.17 —0.13 0.07 —0.12 0.05 —0.13 —0.07
FF TR The root surface area 0.16 —0.04 0.03 0.10 —0.05 0.32 —0.02
AT H 1 Average diameter of root system —0.03 0.21 0.34 —0.01 0.29 0.22 0.18
1440 Number of root tips 0.15 —0.15 0.02 —0.17 —0.01 0.01 041
H23 UAL The number of root forks 0.17 —0.12 0.10 —0.22 0.26 0.00 0.12
FREETE Root fresh weight 0.13 0.08 0.29 0.31 —0.05 0.05 0.02
T Root dry weight 0.11 0.11 0.29 0.25 0.08 0.07 —0.22

2.2.2 FTEFMATERAFGEZRS>MAS LI y:=0.0792,+0. 051x,+0. 104x,+0. 0872, +

I [r) 3 22 ol J5E 4 v #1164 A R P IR X BT B9 3 R
18 0y F Bk e 7

0.092x;+0. 074x,+0. 071a,+0. 10925+ 0. 1732, +
0. 174.T10+O 15611170 0301‘12+O 145x1;+0 166I14+
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0. 12521;+0. 11025

v,=0.3052,40. 0182,+0. 2602,—0. 051z, +
0.235x;+0. 21325+0. 0352,—0. 0172,—0. 1852, —
0. 1262,—0. 0432y, +0. 2142,,—0. 1482,,—0. 118z, +
0. 07621;+0. 1142,

y;=—0.1312,—0. 1912,—0. 2122,— 0. 2302, —
0.222x5+0. 12525—0. 1612,+0. 05625—0. 0932+
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0.098x;—0. 327x5+0. 1062,40. 2172,—0. 1282, —
0. 1242,+0. 1032;,—0. 0092,—0. 1682, —0. 2192, +
0. 30621,+0. 2492

y;=—0. 1642,+0. 1142,—0. 1342,+0. 2312, +
0.032x;+0. 034a5+0. 5322,—0. 56725— 0. 09625+
0. 053x1,—0. 0512, 0. 29121,-0. 0122, +0. 2602, —
0. 053215+ 0. 08024

y=0. 1622,—0. 2032,+0. 2162;+0. 6392,—0. 2022, —
0. 38325—0. 4522,—0. 248x,—0. 0662,—0. 1252+
0. 324x,+0. 22324 0. 012215+ 0. 0012, +0. 05025+
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0.202x;+0. 1372,—0. 5672,— 0. 34625+ 0. 0382, —
0. 070x10—0. 0182, +0. 17621, +0. 40825+0. 1192, +
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Table 6 Comprehensive scores of seedling growth traits of different oat germplasms
il 52 5y HE4 e A= (G 44 Tl 5 (G HE4
Germplasm number Score Rank Germplasm number Score Rank Germplasm number Score Rank

72YC-101 1.19 1 AM-127 0.88 34 72YC-58 0.77 67
7ZYC-38 1.09 2 ZYC-109 0.87 35 ZYC-59 0.77 68
AM-124 1.08 3 7ZYC-16 0.86 36 7ZYC-63 0.77 69
7ZYC-57 1.07 4 7ZYC-14 0.86 37 ZYC-65 0.76 70
AM-85 1.07 5 ZYC-17 0.86 38 7ZYC-77 0.75 71
ZYC-13 1.05 6 AM-88 0.85 39 7ZYC-55 0.74 72
ZYC-31 1.04 7 7ZYC-62 0.85 40 7ZYC-66 0.74 73
7YC-42 1.04 8 AM-83 0.84 41 7ZYC-12 0.74 74
7ZYC-11 1.02 9 AM-87 0.84 42 AM-90 0.73 75
AM-121 1.01 10 7ZYC-70 0.84 43 7ZYC-36 0.73 76
7ZYC-19 0.99 11 AM-129 0.84 44 7Y C-45 0.72 77
7ZYC-29 0.98 12 AM-86 0.83 45 7ZYC-25 0.72 78
7ZYC-18 0.98 13 AM-130 0.83 46 ZYC-53 0.71 79
7ZYC-32 0.95 14 7ZYC-102 0.83 47 7ZYC-37 0.71 80
7ZYC-78 0.94 15 7ZYC-67 0.83 48 AM-126 0.71 81
7ZYC-74 0.94 16 7ZYC-51 0.82 49 7ZYC-72 0.70 82
ZYC-24 0.94 17 7ZYC-54 0.82 50 ZYC-79 0.70 83
AM-122 0.94 18 7ZYC-68 0.82 51 ZYC-108 0.70 84
7ZYC-28 0.93 19 7ZYC-35 0.82 52 7ZYC-60 0.70 85
AM-89 0.93 20 7ZYC-76 0.82 53 7ZYC-110 0.69 86
7Y C-30 0.92 21 7ZYC-44 0.81 54 ZYC-61 0.69 87
7ZYC-106 0.92 22 7ZYC-20 0.81 55 ZYC-41 0.69 88
7Y C-47 0.92 23 7ZYC-49 0.81 56 7ZYC-52 0.68 89
7ZYC-69 0.91 24 7YC-21 0.81 57 7ZYC-73 0.68 90
ZYC-105 0.91 25 7Y C-50 0.81 58 7ZYC-34 0.68 91
7Y C-40 0.91 26 ZYC-71 0.80 59 ZYC-103 0.67 92
AM-120 0.90 27 ZYC-75 0.80 60 7YC-23 0.66 93
AM-81 0.90 28 7YC-64 0.80 61 7ZYC-80 0.65 94
AM-131 0.89 29 7ZYC-46 0.79 62 7ZYC-56 0.63 95
7ZYC-27 0.89 30 7ZYC-22 0.79 63 AM-123 0.63 96
AM-82 0.88 31 7YC-26 0.78 64 72YC-39 0.57 97
AM-84 0.88 32 7ZYC-104 0.77 65 ZYC-33 0.56 98
7Y C-48 0.88 33 AM-125 0.77 66 7ZYC-43 0.55 99
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Fig.2 Cluster analysis of drought tolerance of different oat

germplasms at the seedling stage

4 i

ENIEES Wk TR B ) B DO L A ]
AR B, SEPAE T AR R R R AR KRR
WK EN T 16 WL AEbr. 45 RERW, T 5 Pria 5
£ A o IS 411 S S A 1 O s s X L O
SR AR A BORN AR 43 SO e B0 H A R ) A 5 R
JE 10 B 3 S 4 by o6 T SR e R I Sk SRR, i — 2Dk
FH SR & R0 B o B AHSCME S B VR i
Ko 28 P [m] 9 B A BE T ZYC-101, ZYC-38, AM-
124,7YC-57, AM-85,ZYC-13,ZYC-31,Z2YC-42,
ZYC-11 Fit AM-121 3£ 10 /4~ 5 it 52 i, A i 52 &
TP 0 5 PR 4 A B AR TR S 1 i T U

2% 3k

[1] YADAV S,MODIP,DAVE A,et al. Sustainable crop produc-
tion[ M ]. London:IntechOpen,2020,3(17):5-16

[2] CHEN X J,MIN D H, AHMAD YASIR T, et al. Evaluation
of 14 morphological, yield-related and physiological traits as
indicators of drought tolerance in Chinese winter bread wheat
revealed by analysis of the membership function value of
drought tolerance (MFVD) [J]. Field Crops Research, 2012,
137:195-201

[3] XUCH,MAO]J,LIX J,etal. Evaluation of drought tolerance
in sugarcane genotypes using the membership function value of
drought tolerance (MFVD)[J]. Euphytica,2023,219(3):37

[4] FENTA B A,BEEBE S E,KUNERT K J,et al. Field pheno-

typing of soybean roots for drought stress tolerance [J].
Agronomy,2014,4(3):418-435

[5] YORK L. M, GALINDO-CASTANEDA T, SCHUSSLER J
R, et al. Evolution of US maize (Zea mays L.) root architec-
tural and anatomical phenes over the past 100 years corresponds
to increased tolerance of nitrogen stress[J]. Journal of Experi-
mental Botany, 2015,66(8):2347-2358

[6] ROGERS E D, MONAENKOVA D, MIJAR M, et al. X-ray
computed tomography reveals the response of root system architec-
ture to soil texture[ J]. Plant Physiology,2016,171(3):2028-2040

[7] GUOCC,ZHU L X,SUN H C,et al. Evaluation of drought-tol-
erant varieties based on root system architecture in cotton (Gossy-
pium hirsutum 1..)[J]. BMC Plant Biology,2024,24(1):127

[8] ZHOU G Y, ZHOU X H,NIE Y Y, et al. Drought-induced
changes in root biomass largely result from altered root morpho-
logical traits: evidence from a synthesis of global field trials[J].
Plant, Cell & Environment, 2018,41(11):2589-2599

[9] ESAN V I,OBISESAN I A,OGUNBODE T O. Root system
architecture and physiological characteristics of soybean (Gly-
cine max L.) seedlings in response to PEG-6000-simulated
drought stress [J]. International Journal of Agronomy, 2023,
2023(1>:9697246

[10] BOGUSZEWSKA-MANKOWSKA D, ZARZYNSKA K,

NOSALEWICZ A. Drought differentially affects root system size and

architecture of potato cultivars with differing drought tolerance [J].

American Journal of Potato Research, 2020,97(1) : 54-62

JONGRUNGKLANG N, TOOMSAN B, VORASOOT N, et

al. Classification of root distribution patterns and their contribu-

(1

o

tions to yield in peanut genotypes under mid-season drought
stress[ J]. Field Crops Research,2012,127:181-190
HUANG L L,LIM J,ZHOU K, et al. Uptake and metabolism

of ammonium and nitrate in response to drought stress in Malus

[12

[}

prunifoliaJ]. Plant Physiology and Biochemistry, 2018, 127
185-193

FAROOQ M, WAHID A,KOBAYASHI N, et al. Sustainable
agriculture [M ]. Dordrecht:Springer,2009:153-188

ZHANG S H,XU X F,SUN Y M, et al. Influence of drought

[13

[}

[14

[

hardening on the resistance physiology of potato seedlings under
drought stress[J]. Journal of Integrative Agriculture, 2018, 17
(2):336-347

[15] HOSSEIN L M, ASHOURABADI E S. Growth indices of
some medicinal plants under different water stresses[J]. Iranian
Journal of Medicinal and Aromatic Plants Research, 2004, 20
(3):249-261

[16] ALBISKIF,NAJLA S,SANOUBAR R, et al. In vitro screen-

[}

ing of potato lines for drought tolerance [J]. Physiology and
Molecular Biology of Plants, 2012, 18(4):315-321
MARSHALL A,COWAN S,EDWARDS S, et al. Crops that

feed the world 9. Oats-a cereal crop for human and livestock feed

—
-
-

=

with industrial applications[J]. Food Security,2013,5(1):13-33
[18] ZHAO G Q,JU Z L, CHAI J K, et al. Effects of silage addi-
tives and varieties on fermentation quality, aerobic stability, and
nutritive value of oat silage [J]. Journal of Animal Science,
2018,96(8):3151-3160
[19] GONG W L,JU Z L.,CHATJ K, et al. Physiological and tran-



5 6 44 X

T G5 - T SR RR BT B A I T SR A DA 5 O

2127

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30

—

[31]

[32]

[33]

scription analyses reveal the regulatory mechanism in oat
(Awvena sativa) seedlings with different drought resistance under
PEG-induced drought stress[J]. Agronomy,2022,12(5):1005
GONG Z Z,XIONG L M, SHI H Z, et al. Plant abiotic stress
response and nutrient use efficiency[J]. Science China Life Sci-
ences, 2020,63(5) :635-674

SINGH P, TOMAR M, SINGH A K, et al.
sativa) [M]. England: CRC Press, 2024:47-68
WEN G Q,MA B L,SHIY C,etal. Selection of oat (Avena

sativa L.) drought-tolerant genotypes based on multiple yield-

Oat (Avena

associated traits[ J]. Journal of the Science of Food and Agricul-
ture, 2023,103(9) :4380-4391

HUANG H Y, WANG X T,LIJ Q,et al. Trends and direc-
tions in oats research under drought and salt stresses: a biblio-
metric analysis (1993 - 2023)[J]. Plants,2024,13(14):1902
GHOLIZADEH A, DEHGHANI H, AKBARPOUR O, et al.
Assessment of Iranian wheat germplasm for salinity tolerance
using analysis of the membership function value of salinity toler-
ance (MFVS)[J]. Journal of Crop Science and Biotechnology,
2022,25(5):611-619

ZHANG M X,BAI R,NAN M, et al. Evaluation of salt tolerance
of oat cultivars and the mechanism of adaptation to salinity [J].
Journal of Plant Physiology, 2022,273:153708
NABI S, HUSSAN S U, NABI T, et al.

evaluation of oat (Avena sativa 1..) genotypes for yield and

Bi-environmental

nutritional traits under cold stress conditions using multivariate
analysis[ J]. Plant Genetic Resources,2024,22(5):295-303
BROWN C E. Applied multivariate statistics in geohydrology
and related sciences[ M ]. Berlin:Springer,1998:155-157
SIO-SE MARDEH A, AHMADI A, POUSTINI K, et al.
Evaluation of drought resistance indices under various environmen-
tal conditions[ J]. Field Crops Research,2006,98(2/3) :222-229
YOUSAF H,ISHFAQ M,ZAFAR A, et al. Drought stress[M].
Cham : Springer Nature Switzerland, 2025:199-219
ISIDRO-SANCHEZ J, PRATS E, HOWARTH C, et al.
Genomic designing of climate-smart cereal crops[M]. Cham:
Springer International Publishing,2020:133-169

HOWARTH C J,MARTINEZ-MARTIN P M J,COWAN A
A, et al. Genotype and environment affect the grain quality and
yield of winter oats (Awvena sativa 1..) [J]. Foods, 2021, 10
(10):2356

KOU X Y, HAN W H, KANG J. Responses of root system
architecture to water stress at multiple levels: A meta-analysis
of trials under controlled conditions[J]. Frontiers in Plant Sci-
ence,2022,13:1085409

WU F Z,BAO W K, LI F L, et al. Effects of drought stress
and N supply on the growth, biomass partitioning and water-use
efficiency of Sophora davidii seedlings[J]. Environmental and
Experimental Botany, 2008,63(1/2/3):248-255
B, B S, TRAYE 1D, 4 56T i & 0 A i 0 £ 208 28
bR AR St /N 22 B O 6 S5 0P (7). YU R, 2025, 53
(145:106-116

HUANG Y, WENG X L, TRAYE I D, et al. Screening and
evaluation of drought-tolerant wheat germplasms based on main

morphological indices at germination and seedling stages [J].

[35

[36

[37

[39

[40

[41

[42

[45

]

i}

]

[}

]

]

[l

[}

[}

Al

[}

Jiangsu Agricultural Sciences, 2025,53(14):106-116

FIFHE, BOOR RN SL , 55 AN TR) R PR B 2 A ek 0 9 R S
ELT] AR 4R, 2025,40(4) :107-118

BAIY J,ZHAO R,CUIS L,et al. Classification and Identifica-
tion of drought resistance of different genotypes of peanut [J].
Acta Agriculturae Boreali-Sinica, 2025,40(4) :107-118
T, N KA B BT T R O S O e [T ]
B P 2024:1-18

YANG L L,NANLL,WANG Y,etal. Screening and evaluation
of drought resistance of alfalfa germplasm at seedling stage [J].
Grassland and Turf, 2024:1-18

AHMAD ANJUM S, ASHRAF U,ZOHAIB A, et al. Growth
and development responses of crop plants under drought stress:
areview[J]. Zemdirbyste-Agriculture,2017,104(3):267-276
MUELLER L, BEHRENDT A, SCHALITZ G, et al. Above
ground biomass and water use efficiency of crops at shallow
water tables in a temperate climate [J]. Agricultural Water
Management, 2005,75(2):117-136

BELAY G A,ZHANG Z B, XU P. Physio-morphological and
biochemical trait-based evaluation of Ethiopian and Chinese
wheat germplasm for drought tolerance at the seedling stage[J].
Sustainability ,2021,13(9) : 4605

HRYHORIV Y Y,BUTENKO A O,KOVALENKO V M, et
al. Productivity of oat (Avena sativa 1..) with different meth-
ods of cultivation on soddy - podzolic soils[J]. Ama-Agricul-
tural Mechanization in Asia Africa and Latin America, 2021
(51):1793-1799

GHIMIRE K, MCINTYRE I, CAFFE M. Evaluation of
morpho-physiological traits of oat (Avena sativa L.) under
drought stress[ J]. Agriculture,2024,14(1):109

Eg B, AR AE L PEG W0 T 2 oK B 0 5 A BT R
ESIFHLT]. fEYIGE , 2024(4) :43-53

WANG L,DENG J,ZHANG Z,et al. Identification and evalu-
ation of drought tolerant germplasm resources at seedling stage
of maize under PEG stress[J]. Crops,2024(4):43-53

GOPVHL BT BRGSO IRN N I SR R R b R
1Y Ui 3% 5 5% Sk 4143 BT [J/OL]. https://doi: org/10. 13327/j.
jilau. 2024.0027,2025-08-29/2025-09-04

JINY K,WEI ZM,CHENG Y,et al. Screening and transcrip-
tome analysis of drought resistance in different Cyperus esculen-
https://doi:
org/10.13327/j. jjlau. 2024. 0027, 2025-08-29/2025-09-04
HRCA SRR X g, 55 AR AR RS IR A pT R S [T
AEE 24, 2024, 53(4) :88-99

CAOF Y,YUANC L,LIU Y L,etal. Drought resistance iden-
tification of peanut germplasm resources at seedling stage [J].
Journal of Peanut Science, 2024 ,53(4) :88-99

WEEW . ANEFN IR PN E R (D] AR I AER
ALK, 2025:56-68

LEI T S. Identification and screening of drought resistance in

tus L. germplasm at the seedling stage [J/OL].

wheat germplasm resources [D]. Yangling: Northwest A&.F
University, 2025:56-68

(RHEHRE RZH)



