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Analysis of saline-alkaline tolerance in seedling stage and screening of
identification indexes of different oat genotypes

FU Luan-hong, YU Song, YU Li-he, XUE Ying-wen, GUO Wei
(College of Agriculture, Heilongjiang Bayi Agricultural University, Heilongjiang Provincial Key Laboratory of Modern
Agriculiural Cultivation and Crop Germplasm Improvemeni, Daging, Heilongjiang 163319, China)

Abstract: In order to explore the salt alkaline bearing capacity of different oat cultivars in seedling stage and
screen the oat cultivars, which are well suited for Songnen Plain to grow. This research used Hoagland hydroponics
with high concentrations of 250 mmol + ™' NaHCO, stress to simulate the saline conditions of Songnen Plain, and
carried out a study on 49 major oat cultivars, which came from China and abroad. Nine indexes including plant
height (X,), root length (X,), aboveground fresh weight (X;) , underground fresh weight (X, ), aboveground dry
weight (X;), underground dry weight (X, ), aboveground water content (X, ), underground water content ( Xy ),
and root shoot ratio (X,) were measured under 250 mmol - L' NaHCO, stress. Based on the saline-alkaline toler-
ance coefficient ( SATC ) of each individual indicator, different oat cultivars were evaluated by principal
components analysis, subordinate function analysis, and clustering analysis. The results showed that three compre-
hensive indexes including X,, X, and X, were obtained by principle component analysis of saline-alkaline tolerance
coefficients of all indexes. The comprehensive indexes described 86.155% information of all data. The 49 oat culti-
vars were divided into three groups through subordinate function analysis and clustering analysis. Among them, Ca-
oyou 1, Zhangyan 7 and T7 were salt-tolerant cultivars, 41 cultivars such as HLJ 1, Baiyan 2 were moderate toler-
ant to saline-alkaline, 5 cultivars such as Sanfensan, Bayou 13 were sensitive to saline-alkaline tolerance.

Keywords: oat; seedling stage; saline-alkaline tolerance; multiple analysis; identification index
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Table 1 Studied oat cultivars and origins
% A KU P Al e
Code Cultivar Origin Code Cultivar Origin
YA WAL 13 5 ($RAeER) el ey
e
! HLJ 1(BA) Heilongjiang Province 26 Bayou 13 Hebei Province
) F 2 5 (B ok " L 14 (B WL
Baiyan 2 Jilin Province Bayou 14 Hebei Province
. F1 3 5 (B b 2 L 18 5 (B WL
Baiyan 3 Jilin Province Bayou 18 Hebei Province
) e S (B Feb . Bk 4 55 (A8 WL
Baiyan 5 Jilin Province Yizhangyan 4 Hebei Province
5 Hae 7 5 () AR 30 ke 7 5 (J ) Rl ey
Baiyan 7 Jilin Province Zhangyan 7 Hebei Province
6 FialE 8 5 (#RafeR) A 31 jKaHe 8 5 ([ AeE) el ey
Baiyan 8 Jilin Province Zhangyan 8 Hebei Province
WAL 15 (BRIER) ZEn _— IS
7 Caoyou 1 Inner Mongolia 2 SXI(#hleA) Shanxi Province
HPAME 3 5 (#RAER) B e g
8 Duyan 3 Inner Mongolia 33 SX2( #haleA) Shanxi Province
TEME 2 T (JeR) E _— g
0 Dingyan 2 Inner Mongolia i SX3( #haleA) Shanxi Province
TEAL 9 5 (B ) M — TR
10 Dingyou 9 Inner Mongolia 35 SX4 (BRI Shanxi Province
e 8 5 (#eE) e ” YIESN
1 Jinyan 8 Inner Mongolia 36 To( fi*hi) Canada
HHE9 T (HER) R o YIESN
12 Jinyan 9 Inner Mongolia 37 T7(§?EQ£) Canada
e | 5 (JaeR) ZEin . JIE-VN
13 Mengyan 1 Inner Mongolia 8 T8 (FLik) Canada
SO 2 5 (HRER) E e JIE-VN
14 Mengyan 2 Inner Mongolia ¥ (R Canada
[FJHE 2 5 (BRIER ) e J— &R
15 Tongyan 2 Inner Mongolia 40 TIO( R ) Canada
SOr S (B e e UIESN
16 Sanfensan Inner Mongolia 4 T (BeAeE) Canada
WAk 2 5 (#RER) ZEn e YIESN
17 Yuanza 2 Inner Mongolia 42 TI2( B Canada
MRt 2 5 (#RaeR) ZEin . JIE-VN
18 Yanke 2 Inner Mongolia 43 T3 (Be) Canada
WK 15 ($Rte ) [y S JIE-VN
19 Bayou 1 Hebei Province 4 T4 (B Canada
WA 3 5 (BRAMER) wHLE J— mExR
20 Bayou 3 Hebei Province = TS (Ree) Canada
WAL 4 5 (#R3EE) e[y e YIESN
o Bayou 4 Hebei Province 46 TI6( FedA) Canada
Higte 6 5 () CEl45) o YIESN
2 Bayan 6 Hebei Province 41 17 (B Canada
WAk 9 5 (#RaeZ) e %=y . JIE-VN
B Bayou 9 Hebei Province 48 T (Re) Canada
e 11 5 (Btes ) [y S JIE-VN
2 Bayan 11 Hebei Province 4 T20( B Canada
25 Wk 12 5 (B ) {OE[AS)
Bayou 12 Hebei Province
W 2 b 1o 2) Tl SR 0 R K, T SPSS 22.0 HEAT I 22 40 BT OGS
; = ; 1= e ,n N S, S
= T B FI I 3T LR T

K, W, A R T ER I R AR ; P, MR
i A~ FE R A B R Y BTk
D= Z [U(S,) xW,]

S D AR R L B AT
IR Excel 2003 HHEL 4 HE bR 10 T80 1

2 SRS
2.1 FHEMHTEE R REXXRST

HER 2 FE AT A [F]FHE 22 it b 45 8 A ) A7
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i=1,2,-,n (3)
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Table 2 Saline-alkali tolerance coefficients and variance analysis of each index ( F—value)
dhF Cultivar X, X, X, X, X X X, Xg X,

1 0.524 0.273 0.133 0.091 0.271 0.113 0.856 0.984 0.679
2 0.711 0.951 0.138 0.456 0.352 0.644 0.767 0.972 1.223
3 0.594 0.323 0.224 0.335 0.389 0.200 0.853 0.995 1.496
4 0.829 0.830 0.243 0.361 0.643 0.486 0.781 0.979 1.484
5 0.693 0.557 0.162 0.265 0.349 0.345 0.826 0.979 1.637
6 0.618 0.644 0.194 0.301 0.533 0.500 0.801 0.972 1.553
7 0.756 0.775 0.235 0.335 0.372 0.371 0.925 0.992 1.423
8 0.534 0.427 0.153 0.199 0.320 0.280 0.827 0.969 1.304
9 0.585 0.334 0.177 0.205 0.428 0.241 0.769 0.986 1.158
10 0.680 0.899 0.207 0.319 0.414 0.480 0.791 0.981 1.538
11 0.498 0.283 0.122 0.134 0.238 0.160 0.801 0.988 1.101
12 0.747 0.818 0.178 0.397 0.513 0.500 0.735 0.983 1.779
13 0.748 0.738 0.230 0.264 0.487 0.349 0.850 0.981 1.148
14 0.717 0.769 0.239 0.289 0.585 0.346 0.820 0.987 1.209
15 0.500 0.338 0.122 0.289 0.342 0.326 0.696 0.990 1.739
16 0.496 0.171 0.148 0.172 0.383 0.500 0.749 0.859 1.166
17 0.519 0.261 0.150 0.249 0.322 0.241 0.771 0.996 1.661
18 0.472 0.265 0.113 0.172 0.295 0.201 0.747 0.986 1.523
19 0.592 0.335 0.220 0.263 0.349 0.161 0.875 0.992 1.194
20 0.500 0.430 0.174 0.199 0.269 0.323 0.803 0.989 1.144
21 0.643 0.845 0.170 0.328 0.343 0.357 0.871 0.993 1.773
22 0.728 0.342 0.313 0.179 0.464 0.155 0.898 0.995 0.573
23 0.598 0.687 0.140 0.279 0.313 0.299 0.841 0.994 1.792
24 0.520 0.266 0.122 0.140 0.273 0.247 0.812 0.948 1.146
25 0.605 0.427 0.166 0.274 0.313 0.238 0.854 0.989 1.645
26 0.552 0.346 0.141 0.129 0.327 0.211 0.779 0.952 0.911
27 0.333 0.237 0.046 0.031 0.095 0.061 0.854 0.935 0.669
28 0.448 0.222 0.209 0.257 0.422 0.229 0.799 0.973 1.232
29 0.608 0.356 0.203 0.211 0.362 0.213 0.865 0.999 1.043
30 0.779 0.699 0.298 0.406 0.473 0.438 0.903 0.994 1.364
31 0.744 0.702 0.275 0.293 0.465 0.355 0.891 0.986 1.066
32 0.460 0.377 0.122 0.234 0.284 0.239 0.771 0.998 1.747
33 0.634 0.564 0.127 0.070 0.338 0.375 0.777 0.928 0.552
34 0.463 0.207 0.074 0.096 0.214 0.164 0.688 0.951 1.286
35 0.585 0.486 0.127 0.177 0.296 0.182 0.774 0.998 1.393
36 0.725 0.757 0.334 0.471 0.897 0.837 0.776 0.951 1.409
37 0.863 0.982 0.517 0.637 0.952 0.796 0.882 0.984 1.232
38 0.627 0.626 0.183 0.245 0.365 0.277 0.867 0.992 1.344
39 0.709 0.745 0.271 0.254 0.502 0.320 0.886 0.983 0.936
40 0.785 0.724 0.241 0.294 0.470 0.325 0.841 0.993 1.219
41 0.566 0.281 0.141 0.236 0.363 0.309 0.711 0.980 1.670
42 0.696 0.755 0.215 0.270 0.442 0.338 0.865 0.986 1.255
43 0.583 0.527 0.192 0.264 0.304 0.314 0.905 0.985 1.377
44 0.556 0.522 0.192 0.325 0.361 0.340 0.855 0.996 1.692
45 0.695 0.774 0.252 0.288 0.519 0.422 0.868 0.971 1.139
46 0.609 0.533 0.198 0.171 0.378 0.178 0.871 0.997 0.864
47 0.522 0.443 0.155 0.193 0.302 0.230 0.843 0.986 1.243
48 0.570 0.453 0.186 0.262 0.324 0.284 0.874 0.993 1.405
49 0.591 0.414 0.187 0.256 0.375 0.267 0.838 0.996 1.370
F 4774.219 8679.997 51.687 81.541 27.383 2.945 11.917 2.509 72.428

TE:a=0.05; X, BRim X, AR X, o B ARG ; X, ot R AREETE X, it BART T X R AT X B AR K X R AR K

Xy M, T,

Note: =0.05; X, : Plant height; X, : Root length; X;: Aboveground fresh weight; X, : Underground fresh weight; X5: Aboveground dry weight;

X¢ : Underground dry weight; X, : Aboveground water content; Xg: Underground water content; X, : Root shoot ratio. The same below.
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Table 3 Correlation among saline-alkali tolerance coefficients

F8FR Index X, X, X; Xy Xs X X5 Xg X
X, 1
X, 0.832* " 1
X3 0.762* * 0.566 " * 1
X, 0.698* * 0.717** 0.729 " * 1
X5 0.745** 0.617** 0.869 " * 0.759 " * 1
Xs 0.624** 0.705* * 0.587** 0.801 " * 0.784" * 1
X; 0.364" 0.306 * 0.488** 0.172 0.114 -0.084 1
Xg 0.244 0.224 0.222 0.286 * 0.028 -0.215 0.350* 1
X, 0.035 0.181 -0.077 0.477** 0.065 0.258 -0.278 0.316* 1

e o= Hl= = 0BIFIR P<0.05 Fil P<0.01 B &K,

Note: * and * * mean significant levels at P<0.05 and P<0.01, respectively.

x4 BETFHEER

Table 4 Component matrix

F 5 FRIEAR DU/ % BRI TTEk R/ % T3 faf i Factor loading
Principle  Characteristic  Contribution ~ Cumulative
component root rate contribution X, X, X5 X, Xs X¢ X, Xy Xy
CI, 4.76 52.887 52.887 0.893 0.851 0.869 0.909 0.886 0.816 0.325 0.237 0.214
Cl, 1.599 17.769 70.656 0.170  0.016  0.280 -0.203 -0.117 -0.470 0.843  0.447 -0.552
Cl; 1.395 15.499 86.155 -0.062  0.054 -0.171  0.226 -0.245 -0.232 0.029 0.794  0.750
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Table 5 The weight, subordinative function value, D value, and comprehensive assessment of different oat cultivars

it Cultivar ues) u(s,) u(ss) DDva{Ele Saline—algﬁﬁ(fjﬁimze grade
1 0.099 0.709 0.893 0.433 i Middle
2 0.701 0.333 0.807 0.621 i Middle
3 0.502 0.696 0.971 0.653 f Middle
4 0.545 0.392 0.857 0.567 tf Middle
5 0.386 0.582 0.857 0.538 H Middle
6 0.446 0.477 0.807 0.529 H Middle
7 0.502 1.000 0.950 0.733 i Strong
8 0.277 0.586 0.786 0.468 i Middle
9 0.287 0.342 0.907 0.431 i Middle
10 0.475 0.435 0.871 0.546 o Middle
11 0.170 0.477 0.921 0.411 o Middle
12 0.604 0.198 0.886 0.550 o Middle
13 0.384 0.684 0.871 0.568 i Middle
14 0.426 0.557 0.914 0.563 i Middle
15 0.426 0.034 0.936 0.423 1 Middle
16 0.233 0.257 0.000 0.191 55 Weak
17 0.360 0.350 0.979 0.485 i Middle
18 0.233 0.249 0.907 0.377 1 Middle
19 0.383 0.789 0.950 0.613 ot Middle
20 0.277 0.485 0.929 0.470 ot Middle
21 0.490 0.772 0.957 0.665 f Middle
22 0.244 0.886 0.971 0.573 i Middle
23 0.409 0.646 0.964 0.590 i Middle
24 0.180 0.523 0.636 0.370 i Middle
25 0.401 0.700 0.929 0.593 i Middle
26 0.162 0.384 0.664 0.328 55 Weak
27 0.000 0.700 0.543 0.307 55 Weak
28 0.373 0.468 0.814 0.491 i Middle
29 0.297 0.747 1.000 0.568 i Middle
30 0.619 0.907 0.964 0.770 i Strong
31 0.432 0.857 0.907 0.649 i Middle
32 0.335 0.350 0.993 0.476 H Middle
33 0.064 0.376 0.493 0.240 55 Weak
34 0.107 0.000 0.657 0.191 55 Weak
35 0.241 0.363 0.993 0.431 H Middle
36 0.726 0.371 0.657 0.613 ot Middle
37 1.000 0.819 0.893 0.927 i Strong
38 0.353 0.755 0.950 0.589 ' Middle
39 0.368 0.835 0.886 0.605 o Middle
40 0.434 0.646 0.957 0.601 o Middle
41 0.338 0.097 0.864 0.380 i Middle
42 0.394 0.747 0.907 0.599 1 Middle
43 0.384 0.916 0.900 0.639 1 Middle
44 0.485 0.705 0.979 0.648 ' Middle
45 0.424 0.759 0.800 0.595 i Middle
46 0.231 0.772 0.986 0.538 i Middle
47 0.267 0.654 0.907 0.507 f Middle
48 0.381 0.785 0.957 0.613 s Middle
49 0.371 0.633 0.979 0.570 f Middle
I IE Weight 0.515 0.278 0.207




AR Y A5« AN [ 5 PR G2 e S TS R U 23 A B LM R R ) i 29

¥ IS #E 25 Euclidean distance
5 10 15 20 25

(=}

T6

T19

Bayou 1
Baiyan 2
Bayou 9
T8

Bayou 12
T15

T10

T12

T9
Zhangyan8
T14
Baiyan 3
T13
Bayou 4
Mengyan 1
Yizhangyan 4
Baiyan 5

T20

Bayou 6
Mengyan 2
Dingyou 9

Jinyan 9
Baiyan 7
T16
Baiyan 8
Yuanza 2
Bayou 18
Duyan 3
Bayou 3
SX1

T17
Yanke 2
T11

Bayan 11
Dingyan 2
SX4

HLJ 1
Tongyan 2
Jinyan 8
Caoyou 1
Zhangyan 7
T7

Bayou 13
Bayou 14
Sanfensan
SX3

SX2

LTI T T T T T T T T T T T T T P T T T T T T T T T T T T T T I T T7d

1 49 priZE mFpBEE

Fig.1 Clustering diagram of 49 oat cultivars
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