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Comprehensive Evaluation of Saline-Alkali Tolerance of 200
Oat Germplasms at the Germination Stage
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Abstract: In order to screen salt-tolerant germplasm of oat, 200 oat germplasm resources were subjec-
ted to complexed salt stress(NaCl:Na, SO, : NaHCO,;:Na,CO;= 1:9:9:1 ). Six germination indices
such as seed vigor index, shoot length and root length were measured. The salt-tolerant ability of oat
was comprehensively evaluated by principal component analysis(PCA) and cluster analysis. The re-
sults showed that the combined saline-alkali stress significantly inhibited the germination and early
growth of oat germplasm. The germination rate, germination energy, root length, shoot length, and
seed vigor index all decreased to varying degrees, among which the vigor index decreased the most,
while the salt damage rate increased significantly. Two principal components were extracted by PCA,
and the cumulative variance contribution rate was 81.57%. Principal component 1 exhibited a higher
loading on seed vigor index, shoot length, root length, and germination rate, reflecting traits related
to the germination potential of oats. Principal component 2 was mainly associated with salt injury rate
and root length, reflecting the tolerance performance of seeds under salt-alkali stress. Based on the
comprehensive evaluation value(D value) in clustering analysis, the germplasms were classified into
five groups: highly salt-alkali tolerant group(D =0. 850, 2 germplasms) . salt-alkali tolerant group
(0.850>D =0. 720, 2 germplasms), moderately salt-alkali tolerant group (0. 720>D =>0. 460, 15
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germplasms) , salt-alkali sensitive group(0. 460>>D >0, 305, 58 germplasms), and extremely salt-alkali sen-

sitive group(D<C0. 305, 123 germplasms). Two oat germplasm lines with high tolerance(163 and 21) and

two oat germplasm lines with tolerance(B106 and B60) to salt-alkali stress were screened.

Keywords: Oat; Complexed salt stress; Germination period; Germplasm evaluation
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Table 1 Accession number and source of the test materials

ok K ok ke i Rk P ok K

Materials Source Materials Source Materials Source Materials Source
ZNY044 CI WL179 CI 240-2009-84-11-2-1 CH 185 CB
ZNY001 CI WL173 CI ZNY034 CB 23 CB
ZNY050 CI Cal79 CJ ZNY047 CB 41 CB
ZNY040 CI B104 CJ ZNY213 CB 69 CB
ZNY158 CI Cal62 CJ ZNY208 CB 163 CB
ZNY003 CI B63 CJ] ZNY180 CB 171 CB
W1304 CI B27 CJ ZNY179 CB L50P CB
ZNY039 CI B48 CJ ZNY241 CB 122 CB
67 CI Ca2 CJ ZNY191 CB 87 CB
ZNYO057 CI B19 CJ ZNY184 CB 64 CB
WL313 CI Bl11 CJ ZNY163 CB 44 CB
WI1.226 CI B3 CJ ZNY222 CB 190 CB
ZNY134 CI B42 CJ ZNY162 CB 167 CB
ZNYO058 CI B57 CJ ZNY161 CB 121 CB
ZNYO064 CI B56 CJ ZNY190 CB 182 CB
WL053 CI B128 CJ ZNY182 CB L34 f¢ CB
WL253 c1 B23 ¢l ZNY183 CB i OYQCUEE}ji{:Aa CB
ZNYO075 CI B8 CJ ZNY229 CB 123 CB
WL121 CI B116 CJ ZNY117 CB 156 CB
WIL251 CI Cal71 CJ ZNY176 CB 82 CB
WL187 CI B52 CJ ZNY178 CB 9 CB
WL309 CI B106 CJ ZNY171 CB 35 CB
ZNYO076 CI B60 CJ ZNY199 CB Malellows CB
134 CI Ca92 CJ ZNY240 CB 104 CB
WL116 CI B40 CJ ZNY237 CB 161 CB
ZNY004 CI B105 CJ ZNY236 CB 6 CB
WIL005 CI B45 CJ ZNY232 CB 27 CB
WL114 CI B58 CJ ZNY170 CB 8 CB
ZNY005 CI B121 CJ ZNY169 CB 68 CB
WL207 CI B59 CJ ZNY166 CB 43 CB
WL008 CI B109 CJ ZNY167 CB L41 fZ 141 Pi CB
103 CI B26 CJ ZNY173 CB 152 CB
102 CI B122 CJ ZNY220 CB 13 CB
WIL085 CI 108 CJ ZNY201 CB 143 CB
22 CI B61 CJ ZNY202 CB 162 CB
85 CI B125 CJ ZNY204 CB 150 CB
Ca95 CI Ca300 CJ ZNY203 CB 12 CB
WL217 CI B115 CJ 26 CB 164 CB
88 CI Cal75 CJ 130 CB 33 CB
106 CI B24 CJ 141 CB WL103 CB
132 CI 24 CX 15 CB 28 CB
WL028 CI 142 CX L41 #f 141 Luo CB 14 CB
WL050 CI 128 CX 63 CB 161 % 161 Pi CB
WL044 CI 146 CX 4 CB Cald6 CA
W1L295 CI 65 CX 174 CB Cal61 CA
W1.049 CI 181 CX 54 CB Ca299 CA
WL047 CI 21 CX 92 CB Cal64 CA
WL046 CI 2 CX 3 CB Cald? CA
WL176 CI 66 CX L15 J% L15 Pi CB Calb54 CA
WL291 CI 5 CX B55 CB Cal70 CA

CL A E N5 5 CT P 3 AR CX P BB CH . L OB E B BT CA IR,

CI: Inner Mongolia, China; CJ: Jilin, China; CX: Xinjiang, China;CH: Hebei, China; CB: Beijing, China; CA: Canada.
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Table 2 Description and statistics results of saline-alkali resistance coefficients of each index

X B Control

LA 38 Saline-alkali stress

*E‘*ﬂ“ Hﬁ‘iﬁ)ﬁ?ﬁ%ﬂlﬁﬁ
Indicator #H b 2% 5 5 R i b 2% EREH pecrease Tate,
Average SD CvV/% Average SD CV/% atter stress/ /o
GR/% 86. 066 19. 771 22.972 43.982 30. 310 68.914 48. 897
GE/% 66.318 21. 627 32.611 26. 846 21.813 81. 251 59.519
SL/cm 10. 225 3.023 29. 568 3.506 3.548 101. 202 65.716
RL/cm 8. 981 2.934 32.671 2.143 2. 862 133.559 76.142
VI 6.567 2.921 14. 488 0. 889 1.524 171. 002 86. 428

GR: A 23 GE R H G SL 2 KGRL AR VI B 716 118 5L

GR: Germination rate; GE: Germination energy; SL: Shoot length; RL: Root length; VI: Seed vigor index.
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* . P<C0.05; % x; P<C0.01; *x x x . P<C0.001.
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Fig. 1

Correlation of saline-alkali tolerance coefficients

among different indexes at germination stage of oat
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Table 3 Principal component loading matrix

FEIR B! F 2
Trai Principal Principal
rait
component 1 component 2
GR 0.772 —0.606
GE 0.676 —0. 166
RL 0. 787 0.532
VI 0.797 0.323
SL 0. 785 0.473
SI —0.772 0. 606
Variance 58. 68 22.89
contribution rate/ %
BRI Z Tk R
Cumulative variance 58. 68 81.57

contribution rate/ %
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I : High salt-alkali resistant type; Il : Salt-alkali resistant type; [l : Moderately salt-alkali resistant type; IV : Salt-alkali sensitive

type; V : Extremely salt-alkali sensitive type.
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Fig.2 Cluster analysis of salt-alkali tolerance of the tested oat materials
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Table 4 Average, standard deviation, and coefficient of variation of the six germination indicators of oat with different types

gyl AL e

Type  Samples Ttem GR/% GE/% SL/cm RL/cm V1 SR
1 2 YI{H Average 89. 000 174.183 1. 096 1. 892 3.120 0.110
brifE2: SD 11. 000 53.595 0.189 0.327 0. 444 0.110
BRAK CV/% 12. 360 30. 769 0.172 0.173 0.142 1. 000

o s Hff Average 102310 80.318 - L102 L343 L1223 0.027
FrifE2E SD 2.310 8. 348 0. 360 0.531 0.539 0.073
SEHCV/Y% 2. 257 10. 390 0.326 0. 395 0. 480 2.717

o 5 Bl Average 90.320 92.445  0.854 Loo7 0.757 0.097
FrifE2Z SD 28. 211 67. 804 0.273 0.343 0.311 0.282
HEBCV/% 31.232 73.344 0.320 0.340 0.411 2.917

""" N 58 i Average  77.449  67.188  0.494  0.323  0.179  0.226
triEZE SD 23.413 40. 817 0.222 0.256 0.103 0.234
TERECV/ % 30. 231 60. 750 0.448 0.792 0.578 1.038

""" V123 49ff Average  30.153  22.661  0.166  0.094  0.023  0.698
FrifE 2 SD 23.773 19. 894 0.135 0. 104 0.031 0.238
TERECV/ % 78. 840 87. 787 0.816 1.108 1.373 0. 340
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