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Comprehensive evaluation of drought and saline-alkali tolerance
of 15 oat varieties during germination period
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Abstract; This study comprehensively evaluated the drought and saline-alkali tolerance of 15 oat varieties dur-
ing the germination stage. Ten indicators were measured, including root length, bud length, total length, germina-
tion rate, germination potential, fresh mass, dry mass, germination index, vigor index, and root-shoot ratio. Meth-
ods such as principal component analysis, heatmap, and cluster analysis were utilized. The experiment used PEG~—
6000 to simulate drought stress, NaCl for salt stress, a mixture of alkalis (with a ratio of NaHCO, to Na,CO, of
9 : 1) for alkaline stress, with distilled water as the control. The results showed that ‘Zhangyou NO.9’ | * Baiyan
NO.20’ , and ‘ Weidouyou NO.5’ exhibited strong drought resistance, while ¢ Guyan NO.1’ and ‘ Guyan NO.3’
were sensitive to drought. ‘ Jinyan NO.17’ , ‘Diyan NO.1’ , ‘ Weidouyou NO.5’ , and ‘ Yinyan NO.1’ demonstra-
ted strong salt tolerance, whereas ‘ Guyan NO.3’ displayed poor salt tolerance. ‘ Guyan NO.2’ showed strong
alkali tolerance, while ‘ Guyan NO.1’ was sensitive to alkali. The root length and total length during the germina-
tion stage of oats were effective indicators for assessing drought resistance. The germination index and germination
potential were suitable for evaluating salt tolerance,, while the germination index, germination rate, and germination
potential were appropriate for assessing alkali tolerance.
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FH 24.94% ~ 97.02% , HH X K& ZEHH 12.50% ~
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Table 1 Test oat varieties

[5) o < ) o ] N 3 B X
SAEERER e B LA
i Variety . K . . Main cultivation
. Grain color 1000—grain weight Provider
Code name area
o1 & TX09-16 i 239 TR B B THEIA
Gu TX09-16 Tawny : Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Guyuan, Ningxia
0 e 175 W 2440 TEAMPBLFBE 5B P aES
Jinyan NO.17 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Youyu, Shanxi
o PEBEH mme FEAHRIEB I P E
Jinyan NO.18 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Youyu, Shanxi
o OB mEe FEAHRIEB B A
Baiyan NO.18 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Baicheng, Jilin
05 13§ 20 %5 HBE 281 TEAMPBLFBE B EERUNEE
Baiyan NO.20 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Baicheng, Jilin
06 A 8 5 HBE 18.90 TEAMBLFBE B WALk A

Zhangyou NO.8 Tawny Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Zhangjiakou, Hebei

N .
o7 KA 9 5 @ 25.40
Zhangyou NO.9 Tawny

T EAMBLE B 55 B bk A

Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Zhangjiakou, Hebei

08 ik 18 5 HiBE 20,01 T HAMPBLE B 5B L
Bayou NO.18 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences ~ Bashang, Hebei

09 e 1= HiBE 23,06 T HAMPBL B 5B [EESUDN
Diyan NO.1 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Diging, Xizang

o HEESTS e " TR e P AT

Weiduyou NO.5 Tawny Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Datong, Shanxi

o1l [l 15 HBE 2.9 TEAMPBLFBE B B TR IE)5
Guyan NO.1 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences ~ Guyuan, Ningxia
oL [l 2 = HBE 20,06 TEAMBLFBE 5B E-AE
Guyan NO.2 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences ~ Guyuan, Ningxia
op D G - TR A
Guyan NO.3 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences ~ Guyuan, Ningxia
ol fE 1 5 W e TEAMBLFBE B Hof R
Yinyan NO.1 Tawny ) Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences Baiyin, Gansu
o5 MEEIE e o6 FEAMREBE B A
Yanke NO.1 Tawny ’ Guyuan Branch of Ningxia Academy of Agriculture and Forestry Sciences ~ Guyuan, Ningxia

2.1.2 #Hphiarm s H3 3 ATALAE 100 mmol + L7
NaCl 5500 £8 W38 T, 15 /38822 5 A i 4 300 o i o
02,09 F1 010 BYAHR & 2F 248w, T 012 F1 013 AH
X AR, 15 A 5 B AR X AR K 2.66% ~
70.37% ,FH X 2K K 1.22% ~ 84.07% , Fi X} Kk
1.59% ~72.79% , FHX & 2% K 26.39% ~99.63% , +H
K} ZECK24.44% ~91.95% AR EE Tl 49.72%

~107.64% , FAX} T B &8~ 91.37% ~ 124.33% , X%}
REFHERH 20.44% ~ 88.74% , A1 XF 1% 1145 Kk
0.08% ~70.78% , FHXT M 56k Lt h 55.99% ~ 122.27% .,
Horp ERIATR 15 ASMEEZ SRR AR Jef LY TG b 3 25
S 02 F1 09 FYAHXT & 283 FHXE & ZE S AT
REFFEECRARRT % 77 18 BB s, A B A it 3k 1
AT 012 F 013 L iRFe b8k, i Eh PR s
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Table 2 Relative values of germination indexes of 15 oat varieties under drought stress

PS8
Total length

e

Germination rate

R

Germination potential

72.11£22.86bcd
70.50+42.09bed
71.76+26.37bed
74.97+19.30abcd

110.96+4.88ab

89.50+34.44abc

131.41+4.88a

65.19+28.35bcd
77.25+28.24abed
89.13+25.83abe
21.26+36.82d
55.65+45.64bcd
32.61+28.53cd
77.39+47.79abcd
59.66+27.64bcd

72.47+21.15a
51.87+9.94ab
51.88+17.86ab
71.37+16.41a
72.04+9.48a
77.86+8.37a
97.02+36.09a
69.00+19.76ab
82.82+10.25a
94.50+6.38a
24.94+21.63b
52.24+25.45ab
66.67+57.74ab
80.24+22.60a
96.59+24.03a

83.07+34.65ab
46.60+25.92bc
56.59+38.13he
70.57+24.32abc
69.44+12.73abc
73.12+17.54ab
117.86+64.10a
73.66+18.75ab
66.62+20.28abc
93.51£11.79ab
12.50+21.65¢
59.72+44.16abc
33.33+28.87bc
59.58+30.89abc
74.62+23.42ab

KRR

Germination index

5 1485

Vigor index

RO LE

Root-shoot ratio

LR TR SIS FK
Code Root length Bud length
01 67.33+25.93abed 76.14+20.31abe
02 89.06+53.29abed 55.78+33.77bed
03 53.98+29.31cd 67.24+25.65bed
04 73.09+17.00abed 77.99£20.97abc
05 134.18+24.37ab 100.38+3.77ab
06 107.42+54.23abc 74.19+18.45bc
07 136.39+11.73a 131.19+9.51a
08 60.66+29.06cd 68.00+28.18bed
09 74.90+33.35abed 79.82+25.84abc
010 106.86+51.47abc 81.29+18.04abc
011 28.37+49.14d 17.52+30.35d
012 52.48+40.76¢d 56.38+47.95bed
013 24.56+21.44d 41.98+38.63cd
014 74.70+£46.88abed 80.41+49.66abc
015 64.74+23.39bed 56.22+30.82bcd
FIvLIE R S I i Tt
Code Fresh mass Dry mass
01 103.30+£30.84ab 118.27£19.93ab
02 115.67+12.68a 157.63+57.13ab
03 91.81+13.68ab 112.52+10.26ab
04 78.81+£7.36b 93.27£20.51b
05 141.79+60.11a 131.30+18.27ab
06 81.26+17.38ab 126.16+45.55ab
07 113.66+12.04ab 186.62+£106.47a
08 78.11£35.88b 117.09£52.21ab
09 97.41+22.21ab 132.73+14.38ab
010 97.96+27.33ab 121.13+14.73ab
011 82.22+9.61ab 124.27+3.67ab
012 100.18+£66.34ab 161.21£29.18ab
013 67.58+16.93b 160.75+42.47ab
014 97.12+42.32ab 97.63+50.07h
015 66.71+£10.29b 107.95+48.12ab

65.68+25.50abe
42.90+9.77cde
43.58+23.03cde
59.59+11.46bcd
69.52+9.44abc
77.52+4.04abc

106.86+47.00a

61.37£25.55bcd
65.36+13.43abc
91.42+18.96ab
16.12£15.67¢
51.64+35.58bcde
22.13+20.08de
65.08+16.55abc
69.08+17.18abc

65.68+25.50bced
25.90+19.57bed
32.18+28.26bcd
44.95+4.77bed
69.97+11.81bc
57.63+15.72bed
141.85+69.08a
46.28+30.54bed
54.39+27.31bed
76.50+£29.98b
11.44+19.82¢d
38.81+34.36bcd
9.00+8.72d
53.58+41.01bed
42.16+30.97bed

86.73+9.58bcd
158.77+12.69a

79.22+21.14bed

94.52+7.11bed
134.38+29.30ab
138.67+36.91ab

104.74£16.57abed

87.86+13.04bed

93.05+18.52bed
128.58+44.84abc

53.98+93.49d

99.10£17.77abed

66.17+14.43cd
93.17+5.40bed
126.66+£40.20abc

T RISIEERG A R/NG FREOR R 22 7 B3 (P<0.05) . T,

Note: Different lowercase letters after the data in the same column indicate significant differences between varieties ( P<0.05). The same below.

2.1.3  Bpribm B

HH %< 4 AT, 7F 20 mmol - L™
TRA TR IR T, 15 e 2 B Rh s & AR
SPGB 22 AR K. 012 By & 2 3w, i

O11 FYAH RS J 25 B, 15 /> dl M AR XTAR

X5 A BRIy 8 5 A e A

fnAf 09 F1 011 iR

AL, MR BI85

22 AREmFHREHFEZPIFEENER DD
22.1 #HFM S5 MFE 6 A, 15 HEA A

9.22% ~139.46% , FXT ZE KN 24.27% ~ 122.53% , #

X B A 23.34% ~ 120.78% , M & 2E 4N 52.229% ~
131.75% ,AHXF K 23K 77.78% ~ 213.33% , KR} 6 it
1N 67.85% ~ 115.19% , AH X -+ Jit & K 53.23% ~
128.17% ,AHX & ZEF6 KN 62.13% ~ 142.04% , i %F
WA BH 31.25% ~ 581.82% , A XF 3 7 b K
58.42%~123.14% , Hrb BEUEIE T 15 e i
AT AR K AR R 274 22 5 3K i Fl 012 A1 015
FIARXTAR A AT B AHXT & 2R R AT & 2R M

Wi & WP AT 2 A s i Bt Tk ik #)
80.23% E?ui&%ﬁlﬁﬁ 2 N E AU 10 S8Rk
WM HPLRENE, 8 1 FRUT BTN 65.91% , H
EMHXTMJ&(X) AT K 25 48 B0 ( X ) (AHXS 2 K
(X,) PR R BRI LA 58 T Ekior AR
AT, 0] DL e S e T R 7 LA 4 1 A Ok
B0 20 1 TR R DTRR AN 14.32% , DAAH X 6 o7 &
(Xq) EXTHRAC (X)) FARXT T B & (X,) M2k
K, AT DA i SR R e B 2 RO
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Table 3  Relative values of germination indexes of 15 oat varieties under salt stress

T K K e R B
Code Root length Bud length Total length Germination rate Germination potential
01 62.27+19.95a 71.26+19.59ab 66.45+19.01a 79.58+31.39ab 56.90+14.29bc
02 70.09+33.72a 76.20+35.25a 72.79+33.94a 83.73+30.36ab 81.38+10.83ab
03 63.63+29.65a 61.32+15.57ab 61.93+22.35ab 57.55+7.05abe 63.53+16.20abe
04 51.09+25.66ab 53.80+37.60ab 52.06+31.59ab 74.94+39.75ab 63.17+21.10abe
05 56.97+28.59ab 84.07+50.47a 70.69+39.68a 65.59+11.50abc 55.97+12.49bed
06 45.60+50.15ab 57.57+74.79ab 53.44+65.75ab 57.39+24.99abc 38.29+8.16¢d
07 57.80+3.98ab 75.98+13.40a 66.80+£8.27a 54.84+0.58abc 62.88+2.58abc
08 48.69+20.75ab 62.87+5.92ab 55.08+12.28ab 73.46+5.79abc 90.43+9.13a
09 58.63+26.38ab 51.75+32.87ab 54.92+29.93ab 99.63+10.56a 87.50+10.83a
010 54.11+14.81ab 58.97+28.61ab 56.87+21.78ab 83.68+16.97ab 91.95+26.03a
011 36.21+46.57ab 46.26+53.11ab 42.12+£50.47ab 66.67+41.63abe 48.41+19.10cd
012 21.64+21.85ab 18.62+16.09ab 20.10+15.91ab 47.26+38.79bc 40.71+16.08cd
013 2.66+4.61b 1.22+2.12b 1.59+2.76b 26.39+10.49¢ 24.44+21.43d
014 70.37+43.97a 74.09+53.07a 72.10+49.03a 75.30+17.88ab 67.10+12.86abc
015 32.32+13.28ab 47.08+21.42ab 39.81+17.46ab 62.42+26.99abc 46.28+18.69cd

FiIE TR i 3T ek o & it WAk E R L
Code Fresh mass Dry mass Germination index Vigor index Root-shoot ratio
01 101.62+27.82ab 108.82+3.09ab 59.82+20.48abcde 50.08+6.43abc 86.79+10.19a
02 93.98+26.69ab 101.79+14.61ab 77.43+17.80abe 70.78+31.74a 91.32+2.66a
03 89.48+9.19ab 94.31+18.52ab 66.72+18.19abed 54.14+26.23ab 99.57+27.19a
04 74.71+33.18ab 110.69+13.74ab 46.17+32.46hcde 67.19+14.06ab 105.05+35.12a
05 107.64+30.90a 113.45+23.25ab 62.38+13.35abed 57.85+22.78ab 70.16+7.21a
06 80.27+62.92ab 124.33£32.15a 31.09+38.13de 47.06+19.71abc 100.86+25.51a
07 101.43+24.83ab 108.86+20.51ab 55.94+5.81abcde 52.31+12.99abc 77.09+8.61a
08 93.00+17.97ab 94.70+10.83ab 71.51+6.77abe 56.22+7.81ab 76.13+27.06a
09 64.94+18.50ab 106.83+5.91ab 88.74+8.94a 59.71+43.55ab 122.27+21.89a
010 72.02+18.37ab 104.09+17.32ab 80.86+2.13ab 58.02+28.55ab 101.77+30.99a
011 67.27+4.48ab 101.52+18.91ab 54.34+35.47abede 44.33+57.41abe 55.99+48.50a
012 69.67+17.36b 91.96+6.60ab 39.13+18.58cde 12.20+15.12be 103.23+130.18a
013 49.72+8.15ab 91.37+10.42b 20.44+15.70e 0.08+0.14¢ 72.42+125.43a
014 79.39+33.07ab 101.16+17.17ab 68.14+9.23abcd 60.67+42.69ab 101.27+18.24a
015 50.08+9.54b 92.89+7.32ab 51.04+22.01abede 31.77+24.72abe 69.64+4.79a

R4 WAMET 15 M #kZ MM R ERIEIREHE %
Table 4 Relative values of germination indexes of 15 oat varieties under alkali stress

LI R IS N EaS BK & R
Code Root length Bud length Total length Germination rate Germination potential
01 106.81+33.65ab 85.33+16.34ab 93.26+22.34ab 103.14+36.25ab 101.39+31.76b
02 98.10+31.67ab 103.16+5.38ab 99.20+17.25a 103.14+36.25ab 101.39+31.76b
03 77.48+22.24abcd 89.13+16.89abced 80.82+7.78a 103.51+£36.97ab 103.91+25.90b
04 107.59+28.24ab 106.93+36.68ab 107.02+33.41a 97.22+20.97ab 102.56+10.94h
05 75.48+19.95abed 83.61+11.85abed 79.92+14.37ab 105.63+29.03ab 111.99+35.01b
06 87.02+24.67abe 100.23+15.21abe 93.00+19.07a 98.98+14.44ab 96.11+14.56b
07 105.97+21.52ab 105.47+7.42ab 106.01+6.64a 105.49+48.69ab 95.63+19.36b
08 75.82+8.98abed 84.90+11.18abed 81.09+10.09ab 74.44+10.72ab 78.76+7.09b
09 61.80+15.25bed 84.52+21.56bcd 73.00+18.25ab 92.19+40.15ab 89.09+33.07b
010 94.09+26.63ab 101.93+13.63ab 98.19+13.90a 92.30+9.81ab 93.39+29.22b
011 22.01+20.52cd 33.44+25.53¢d 28.86+24.06bc 52.22+13.47bab 77.78+19.25b
012 139.46+116.20a 117.83+85.56a 120.78+88.95a 131.75+102.39a 213.33+150.11a
013 9.22+8.06d 24.27+19.37d 23.34+18.08¢ 83.33+28.87ab 116.67+76.38b
014 79.54+11.20abe 94.85+3.43abc 87.45+4.42a 108.83+20.07ab 92.09+12.36b
015 106.37+0.29ab 122.53+33.87ab 113.08+16.93a 110.46+21.41ab 99.54+29.67h
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KRR

Germination index

G id

Vigor index

R L

Root-shoot ratio

gik4
Continued table 4
FiIE A i 3 ek o
Code Fresh mass Dry mass
01 96.77+20.70ab 93.25+6.23ab
02 98.33+12.55ab 128.17+23.97a
03 105.94+6.44ab 110.04+9.47ab
04 103.74+21.20ab 117.52+46.25a
05 100.93+16.44ab 87.53+16.40ab
06 108.04+16.61a 53.23+£52.41b
07 98.07+12.51ab 99.15+24.83ab
08 115.19+16.76a 93.63+8.30ab
09 88.79+17.05ab 103.58+13.92ab
010 113.95+23.82a 89.16+67.68ab
011 67.85+14.21b 113.21+15.27a
012 109.71+42.71a 111.84+18.20a
013 91.23+18.66ab 92.85+14.03ab
014 109.48+11.77a 89.39+11.44ab
015 97.72+23.74ab 107.70+23.78ab

95.79+35.46b
98.40+23.36b
103.94£29.55b
101.32£10.55b
103.86+29.26b
100.15+10.77b
81.66+16.31b
75.60+11.27b
87.16+31.59b
93.59+17.06b
62.13+£25.22b
142.04+108.76a
101.28+69.22h
97.68+12.19b
110.19+21.56b

103.21+23.18ab
127.82+32.14ab
113.07+28.10ab
145.42+64.76ab
110.87+41.50ab
120.30+25.15ab
107.01+16.57ab
81.38+0.73ab
96.84+56.37ab
122.36+36.07ab
31.25+31.97b
214.09+178.79ab
581.82+984.68a
146.26+38.07ab
156.12+60.89ab

123.14+18.32a
94.22+25.24ab
90.35+36.19ab
102.31+7.43ab
89.68+15.04ab
86.02+17.29ab
101.08+24.03ab
89.51+5.08ab
73.26x1.16ab
92.91£25.69ab
58.42+55.45b
115.43+19.41a
70.45+61.49ab
84.16+14.68ab
91.67+26.68ab

x5 BEBEPERDHFEERTEE
Table 5 Characteristic values and contribution rates of

principal components during oat germination period

. T L R
TR R o BGTR%
Principal Eigen y L Cumulative
Treatment Contribution 0
component value contribution
T2 aa I 6.59 65.91 65.91
Drought stress I 1.43 14.32 80.23
EN IS EE I 6.39 63.87 63.87
Salt stress 1 1.63 16.28 80.16
— I 5.58 55.79 55.79
B 380
Alkali stress I 1.93 19.25 75.05
m 1.26 12.57 87.62

222 wEME RS K 6 T, 15 AN iR
w2 ) AR MR AT 2 A g 1 R T BT ik R Gk
80.16% , AT AFRECHT 2 4~ E AU 10 8RRk
TR LR . 55 T B i siikR R 63.87% , H
HAEXT AR (X)) A RIS 8 5 (X)) AT B
(X5) FAHOC R B B LRSS T s B A
FERA, T LA B e 30 e 2 U ) i AR R
B35 I R 1 BTN 16.28% , LIAHXT & 25 4
(Xy) HHXT K ZEFRH0( Xy ) FIARST K 2E R (X,) I3k
MrAE A, AT LA Wk Filp i e A 1 R

2.2.3 @AvE PR S FIFR 6 ITAL, 15 AN LA
G N TR R I o A = 7 i/ P |
87.62% , T ISR ECHT 3 4~ E 40 10 8RRk
PR , 55 T =80 i sTkR R 55.79% , H
HOREXTARES (X)) X R ZER(X,) R R (X))
FAE G R B BRI LRSS T o B ERE
fa , T LA W TP 3 T JHE 22 L 4 AR KRB 2R
11 3= A% 40 B9 BTHR SR O 19.25% , AR X 36 1 38 %X
(Xy) HHXF & 2R3 (X)) FIAI N & 2R 3R 8 (X, ) 2%
TR 55 T 3 B 53 B BT IR 12.57% , J AR

TR (X, ) BT R, W] LA S Bk 3 T e 3z )
] 4 R0
LEAFRIE I B, B MR 0 ik, DU
Ik [ F5 A AU 43 ) A e A2 i T S 1 T R
AR AR ) 32 B 43 PR TR K
U PR AR AN
Y, =0.363X,+0.369X,+0.378X,+0.296 X, +
0.356X,+0.221X,+0.084X,+0.370X,+
0.363X,+0.226X ,,
Y,=0.175X,-0.016X,+0.077X,~0.430X, -
0.242X,+0.586X,+0.538X,-0.215X—
0.036X,+0.199X,,
Tt 6 1 PR AR A TR N
Y, =0.382X,+0.360X,+0.378X,+0.329X, +
0.318X,+0.267X,+0.184X,+0.325X,+
0.378X,+0.133X,
Y,=-0.052X,-0.279X,-0.189X,+0.312X ,+
0.376X,-0.439X,~0.414X,+0.356 X, —
0.015X,+0.393X,,
Tt Bl 1 PR R TR
Y, =0.404X,+0.379X,+0.396X,+0.383 X, +
0.256X,+0.293X,+0.024X,+0.322X,—
0.064X,+0.361X,,
Y,=-0.175X,-0.257X,-0.224X,+0.175X ,+
0.478X,-0.051X,+0.030X,+0.428 X+
0.637X,-0.041X,,
Y,=0.094X,+0.006X,+0.029X,-0.019X, +
0.176X,-0.480X,+0.835X,+0.005X;—
0.166X,+0.051X,,
KLY (i=1,2,3) BEKT, X, ~ X, 535 REK
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BT A8 B AR L AR,

FIFHEA—RY Y, Y, 5% Y, JO0E X 3 4 8 R it
WHEVE M EE AT, B DL R 32 A3 BTk o B
F RS BT BTk R A H B A TR T A 2
AR A5 Hpr i AR ALl Y=0.659Y,+0.143Y,;
i £ PERS L K Y'=0.639Y, +0.163Y, ; Mt Bl ML g
Y=0.558Y,+0.193Y,+0.126Y, . HL4EA #5515 5|
15 ANFHEZE fb Pl & BT Sk | o R P R e 1) 32
BT LR A AT P ELARHE I L3R 7, 15 ANFHEZE AP Y
PULRELL Sk 9 5 i, ¢ [ 1S RS R
PER EHE 17 5 fek, ¢ [ERE 3 B 5 s m s
C[EFE 2 S Eeom, < [ 1S e, X 1S e
sn AT R A B Y T B A 25 A A o itk
FIARRPESI T, 2 BT Pk S T R P A O R R
0.488 , BT F-PE STt i i AH 5C R ECH 0.394 i £h 4

5T B AR 5C 2R A -0.00036
2.3 FRERFAHAGUSME . EL M A0 a1 A A B R
RESMH
I AP0 A [] 36 355 e 38 e 22 Wi 4 3 MR
Y AE Ak i AT T A AL B 3 o A ) SR S S AN [
HEAZ AN TE S 38 T AR AR O, TN ) R 2K J
e 10 AR 7E S — 3 55 e N A EOC R (1
~3),
23.1 FFmia 1A TTIES,011,013,09
1 O14 Bl Z Rl e, P T XX 4 AP E K
AR ; B 4 A5 X, B8 AL, & 2%
BAR, EPURRE B ZE M AT, 07 f8hn 2 ek A
BIEETR , 28 B3 A B 6 1 5 38 A B s P,
A BT A HEA A5 R AT R R B
¥ 15 DS 4 RE(EIB)  f il 02,05 .07,

®o6 HEHMMEMERSSHHERFHHMTER

Table 6 Load matrix of each factor in the principal component analysis of stress resistance during germination

TS hia EAN S irAIStEl
¥ ECEz Drought stress Salt stress Alkali stress
Parameter fndex ERAL Y, FARAT Y, EHA LY, BT Y, FAALY, BN Y, ALY,

X, H Root length 0.933 0.209 0.966 -0.066 0.954 -0.243 0.106
X, Z£4K Bud length 0.948 -0.020 0.911 -0.356 0.895 -0.357 0.001
X, JIK Total length 0.970 0.092 0.955 -0.241 0.936 -0.311 0.033
X, K% Germination rate 0.759 -0.514 0.832 0.398 0.904 0.243 -0.021
Xs & %% Germination potential 0.913 -0.290 0.804 0.480 0.604 0.663 0.198
X % i & Fresh mass 0.566 0.702 0.674 -0.560 0.692 -0.071 -0.538
X; )i Dry mass 0.215 0.209 0.465 -0.528 0.057 0.041 0.937
Xg K FHFEEL Germination index 0.949 -0.257 0.822 0.454 0.761 0.593 0.005
Xy % FIH8%L Vigor index 0.932 -0.043 0.956 -0.019 -0.152 0.884 -0.186
X K5 . Root-shoot ratio 0.579 0.238 0.337 0.501 0.852 -0.057 0.057

R IS ERERMAEREEEIREHF

Table 7 Comprehensive score and ranking of stress resistance for 15 oat varieties

Y Drought resistance

fif £k Salinity resistance Mif Bt Alkali resistance

w4 LLYL R S

Code Variety ZeM He¥ LRG14) HEF AR Hery
Score Order Score Order Score Order
01 [t TX09-16 Gu TX09-16 52.12 6 57.50 6 54.94 4
02 M 17 5 Jinyan NO.17 50.25 7 68.00 1 54.19 5
03 T HE 18 5 Jinyan NO.18 40.09 13 55.05 8 51.78 7
04 [ 18 5 Baiyan NO.18 46.24 9 53.53 9 56.56 3
05 134 20 5 Baiyan NO.20 70.97 2 56.67 7 50.84 9
06 kA& 8 5 Zhangyou NO.8 57.86 4 43.53 11 50.07 11
07 54 9 5 Zhangyou NO.9 88.05 1 53.39 10 52.41 6
08 ¢ 18 5 Bayou NO.18 44.44 11 57.68 5 41.59 12
09 i34 1 5 Diyan NO.1 52.5 5 67.27 2 40.63 13
010  ##fi% 5 5 Weiduyou NO.5 64.94 3 62.96 3 51.41 8
011 [E34 1 5 Guyan NO.1 17.05 15 40.21 12 18.08 15
012 [#3 2 5 Guyan NO.2 43.55 12 27.30 14 81.69 1
013 [#34 3 5 Guyan NO.3 25.94 14 8.45 15 36.46 14
014 FRAE 1 %5 Yinyan NO.1 49.92 8 62.10 4 50.82 10
015 AL 15 Yanke NO.1 46.08 10 36.36 13 58.53 2
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012 BA—2 B TEPLRRE /25 MhiFh 06,010, MrHafgimdl, J&8 T T 58Uk, & Ffh 011 1 013
015 BN —2K, )@ TrhEH R0, Bt 01,03, B R, HE SIS FR 2 31 5 W30 (00 30 ) F2 B 45
04.08.09 014 Rh—2 HEBIEFRZ 28+ 5 ™ E, BT e E 208,

[ 20
(A) 7t Z-score (B)
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221 s 10
1.56 E
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>
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£:01~015 i3 15 ML MBI (FR 1) X, ~ X, fUR 10 MERR([F2R 6) s A & (R i A R HEAR T, 2L R
AR, HE ORISR . TR,

Notes: 01~015 represent 15 oat varieties (as in Table 1), and X, ~X,, represent 10 indicators (as in Table 6). In the heat map,

green indicates that stress has a promoting effect, while red indicates that it has an inhibitory effect, and the darker the color, the stron-
ger the effect. The same applies below.
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Fig.1 Heat map and clustering analysis of various indicators for germination of 15 oat verities under drought stress
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Fig.2 Heat map and clustering analysis of various indicators for germination of 15 oat verities under salt stress
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Fig.3 Heat map and clustering analysis of various indicators for germination of 15 oat verities under alkali stress
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