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Multivariate Analysis-Based Evaluation of Wild Leymus secalinus Germplasm
Resources

MA Tao"*?, LI Ling-ling"*?, HOU Xiang-yang"**
(1. College of Grassland Science, Shanxi Agricultural University, Taigu, Shanxi Province 030801, China; 2. Key Laboratory for Model
Innovation in Forage Production Efficiency, Ministry of Agriculture and Rural Affairs, Taigu, Shanxi Province 030801, Chinaj; 3. Youyu Loess

Plateau Grassland Ecosystem National Research Station, Youyu, Shanxi Province 037200, China)

Abstract: Leymus secalinus plays an important role in improving the ecological environment of the grassland in
northern China, the construction of high-yield grassland, the improvement of grassland and the high-quality
development of grassland animal husbandry. In this study, 70 wild L. secalinus germplasm resources were used
as experimental materials. Based on 19 traits, the principal component analysis (PCA) method, the grey corre-
lation analysis (GCA) method and the distance-based technique for order preference by similarity to ideal solu-
tion (DTOPSIS) method were used to comprehensively evaluate the genetic diversity of the germplasm
resources of L. secalinus. The results showed that the coefficient of variation of 19 trait indexes of 70 L. secali-
nus germplasm resources ranged from 0.71% to 97.20%, and the variation degree of stem traits was higher
than that of leaves, and the variation degree of phenotypic traits was higher than that of quality traits. There
was a significant correlation between the indexes of each trait, and eight phenotypic traits were significantly cor-
related with fiber content, and plant height and forageyield were significantly correlated with RFV (P<Z0. 01).
[L.S46 and 1.S69 performed well in all three different comprehensive evaluation methods. They can provide
germplasm material basis for cultivating high-yield and high-quality forage.
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Table 1

The site of the original habitat of Leymus secalinus

%45 Number iR Origin I A AT Geographic coordinates || 44 Number iR Origin JH A AT Geographic coordinates
LS1 174 5 % Lvliang, Shanxi, China 111°38'E,38°9'N 1837 P M Xinzhou, Shanxi, China 111°28'E,39°28'N
LS2 TG 47 M Xinzhou, Shanxi, China 11%57'E,38°36'N 1538 U7 Jinzhong, Shanxi, China 112°43'E,37°35'N
LS3 11753 Jinzhong, Shanxi, China 113°22'E,37°4'N 1839 11753 Jinzhong, Shanxi, China 111°33'E,36'51'N
LS4 1P Linfen, Shanxi, China 110°36"E,36'11'N LS40 1§47 Xinzhou, Shanxi, China 113°14'E,38°40'N
LS5 13 1 Jinzhong, Shanxi, China 113°40'E,37°22'N LS41 1Pk il Datong, Shanxi, China 113°27'E,39°35'N
1.S6 17511 Linfen, Shanxi, China 110°42"E,36°0'N 1.S42 WP PTM Xinzhou, Shanxi, China 113°27'E,38°44'N
LS7 I Linfen, Shanxi, China 110°46"E,36753'N LS43 P& Linfen, Shanxi, China 110°42'E,36'50'N
LS8 1§ B % Lvliang, Shanxi, China 110°36'E,38°9'N LS44 PG Shuozhou, Shanxi, China 111°57'E,39°32'N
LS9 1P Linfen, Shanxi, China 110°55'E,36°40'N L.S45 1k il Datong, Shanxi, China 113°53'E,39°27'N
LS10 174 5 % Lvliang, Shanxi, China 110°56'E,37°12'N L.S46 11175 5 # Lvliang, Shanxi, China 110°58'E,37°50'N
LSl PG 47 Xinzhou, Shanxi, China 110°53'E, 38°16'N LS47 WPz 3% Yuncheng, Shanxi, China 110°53'E,35700'N
LS12 W4 M Xinzhou, Shanxi, China 111°27'E, 38°40'N LS48 1P & Jinzhong, Shanxi, China 113°8'E,37°54'N
LS13 1P K Taiyuan, Shanxi, China 111°52'E,38°7'N L.S49 1P Linfen, Shanxi, China 113°8'E,36'17'N
LS14 11751 Linfen, Shanxi, China 110°56'E,3557'N LS50 17§47 M Xinzhou, Shanxi, China 111°57'E, 38°36'N
LS15 175 5 % Lvliang, Shanxi, China 111°29'E,37°48'N LS51 W75 KR Taiyuan, Shanxi, China 112°39'E,38°4'N
LS16 I F 4 M Xinzhou, Shanxi, China 112°21'E,39°2'N LS52 PG Shuozhou, Shanxi, China 112°50'E,39°30'N
LS17 1P K:3f Changzhi, Shanxi, China 113°15'E, 36"54'N 1S53 147 Xinzhou, Shanxi, China 111°31'E,38°41'N
LS18 1175 5 # Lvliang, Shanxi, China 111°11'E, 37°8'N LS54 1P Jinzhong, Shanxi, China 112°21'E,37°20'N
LS20 1758 M Shuozhou, Shanxi, China 112°19'E,39°59'N 1.S55 PG4T Xinzhou, Shanxi, China 112°5'E,39°4'N
LS21 111754 §# Changzhi, Shanxi, China 112°53'E,36'49'N L.S56 P47 Xinzhou, Shanxi, China 112°21'E,39°2'N
LS22 1§47 M Xinzhou, Shanxi, China 112°54'E,39°4'N 1S58 1P Xinzhou, Shanxi, China 113°34'E,39°16'N
1823 1 A Yangquan, Shanxi, China 113°33'E,38°7'N L.S59 117G K5 Taiyuan, Shanxi, China 112°29'E,38°1'N
1824 117§ 1 Jinzhong, Shanxi, China 112°47'E,37°15'N LS61 17§47 M Xinzhou, Shanxi, China 111°29'E, 39°4'N
1825 175 5 % Lvliang, Shanxi, China 110%59'E,38°20'N 1.962 PG4T Xinzhou, Shanxi, China 113°12'E,39°9'N
L.S26 7547 M Xinzhou, Shanxi, China 113'13'E,39°8'N 1563 45 Tnner Mongolia, China 113°29'E,40°39'N
LS27 1P K [fl Datong, Shanxi, China 113°47'E,40°24'N LS64 147 Xinzhou, Shanxi, China 11°37'E,39°7'N
1528 I P§H M Shuozhou, Shanxi, China 112°19'E,39°31'N 1.S65 17§47 Xinzhou, Shanxi, China 111°28'E,39°28'N
1529 175 5 # Lvliang, Shanxi, China 11172'E,38°28'N 1566 PG Shuozhou, Shanxi, China 112'19'E,39°32'N
LS30 W4 M Xinzhou, Shanxi, China 112°57'E,38°30'N LS67 1P B % Lvliang, Shanxi, China 111°46'E,37'11'N
LS31 1P K [fl Datong, Shanxi, China 114°8'E,40°25'N L.S68 1 K [l Datong, Shanxi, China 114'13'E,39'11'N
1832 17 BH & Yangquan, Shanxi, China 113°33'E,38°6'N L.S69 1175 5 # Lvliang, Shanxi, China 110°38'E, 38°8'N
LS33 11175 K ] Datong, Shanxi, China 114°15'E,39°24'N LS70 117K & Taiyuan, Shanxi, China 112°4'E,37°49'N
LS34 1P K [ Datong, Shanxi, China 113°37'E, 39756 'N LS71 117§ K i Taiyuan, Shanxi, China 112°24'E,37°35'N
LS35 1 & H Jinzhong, Shanxi, China 111°56"E,37°0'N LS72 1 A % Lvliang, Shanxi, China 110°49'E,38°10'N
1836 WP M Xinzhou, Shanxi, China 112°13'E,39°5'N LS73 7T M Xinzhou, Shanxi, China 112°5'E,39°4'N
1.3 RKWHE PR AR 4 R VEVE R AT 4 L B LR )
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I E S

HLAE 5 (Ether extract, EE) & & 2k i & K fill $2
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P L ¥ £ 4k (Neutral detergent fibre, NDF) 7 15 2k H
0 IR PR BRI -
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fii F Microsoft Excel 2022 % 4 # B8 ¥ |, 1154
AR FE A5 . AT SPSS 22, 0 84 %t 19 4~ otk
& b B AT H R GO, GE it e/ ME R R E R
{8 Y15 b5 AE w22 (Standard deviation, SD) . 1t
AR 1 AR 5 R B (Coeflficient of variation, CV),
WEAX K CV=SD/F#H1i.

FIHISPSS 22. 0B AF -4 TAH S 73BT A 5 L5353
B s A Excel 2022 #4347 KA CERE A D TOPSIS
A3H7 338 F Origin 22. OB -F T AR G B R 241

2 ER5H5MH

2.1 EEMRSH

2220 70 3 MR 0T IR 19 A 5 ZR MR IR 3 b

() Je /ME e KAE A P S AR oE 25 R0 AE ¢ R
o 195 SR 48 Ar 19 A8 TR B BN A ] AR
SN 0.71%~97.20% , 44 K 25.19% , % B
SRR B 0w A5 AR R BRI R A b i
BB IR . 19 % MR AR R 5 R AL
IR BN Ny 22 B > 25 K >R > 25 >
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= B8 > Bk >RG5 > R 8 > R M T U A 4
= Pk U A A > A R R AN > T R
Hop RAIMR P AW S REKA N
97.20% , Pk i B9 A8 S BB/, O 11,24 0%, 25
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B /N, 0. 71% o BAK BR85S 48 bR 1 AR
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Table 2 Differences in the main traits of 70 germplasm materials of Leymus secalinus

PR Trait Hfy Unit #2/IMA Min i KAH Max % 2 Range SEH{A Mean brifE2z SD TRRBCV
LN 4.05 9.95 5.90 6.22 1.62 26.11%
K LL cm 31.02 75.36 44.34 53.34 13.64 25.58%
5 LW cm 0.71 1.27 0.56 1.01 0.12 11.40%
LM g 1.91 8.46 6.55 4.37 1.31 29.97%
25K SL cm 22.95 105.85 82.90 56.81 24.20 42.59%
254 SD mm 2.35 4.90 2.55 3.44 0.64 18.47%
Exia g 1.26 10.76 9.50 4.17 1.71 41.06%
ZEYH SN — 0.00 7.20 7.20 2.58 2.51 97.20%
SPAD 9.79 31.25 21.46 18.71 5.45 29.15%
FkEs PH cm 89.04 148.68 59.64 115.94 13.03 11.24%
fif 7L 5 GW g'm ’ 1953.20 9663.20 7710.00 4949.25 1559.84 31.52%
TR’ DW g'm ’ 847.30 4056.50 3209.20 1893.19 620.88 32.80%
PR AT 4E NDF % 65.98 86.70 20.72 75.38 4.61 6.12%
PR 1 R VR £F 4 ADF % 42.73 57.22 14.49 51.25 3.20 6.25%
HMENCP % 16.65 29.72 13.07 20.56 2.14 10.41%
LK 43 Ash % 4.88 22.92 18.04 10.31 4.35 42.25%
T¥ 5t DM % 92.84 96.13 3.29 94.57 0.67 0.71%
H AR EE % 6.15 10.60 4.45 8.00 0.86 10.72%
AH X R AR 6 REV — 53.07 69.38 16.31 60.55 3.03 5.01%

2.2 tHXMESW
K 19 4% ZEPEAR 8 AR AT A G 43 B . &5

(E DRV, ZH MR Z M AEAE W E A e, 7E3R
AUMRIR ), ot 5 5 b 2R SPAD R B 3
FA O (P<<0.0D), 52K ZE&H K5 B & I
MR (P<<0.0D ;MK 52K XHE EWHKEE
fAH & (P<<0. 0D, 5nf 8 25 . SPAD #f & & IF
FHIE(P<<0.0D) ;i FE 50t 258 255 SPAD ¥
e 82 IEA G (P<<0.01) ;i H 522K 225k B
F A (P<<0.01), 5 25 M F1 SPAD % i 25 1F AH

K(P<<0. 01 ;25K 5250 SPAD i 3% F A & (P<<
0.01), 5288 2597 4 bk & M b 3 0F A0 ¢ (P<<
0.01) ; Z5 M 5 251 Bl B 3% A 56 (P<<0. 0D, 5
SPAD # i % 1E 41 & (P<<0.01) ; 22 & 5 SPAD &
F UM OE (P<C0. 05) , 5 25735 0 bk = A 2 3% 1 AR
K(P<<0.0D) 5 221 ¥ 5 #k & W3 1E A C (P<
0.05), 5 SPAD # 8 2 i A & (P<<0. 01) ; i % 7~
SR A K IEA DG (P<C0.05),

i PR AR G R M S A 4 T
SR ERAEP<<0.0D), SRS & Bk B3 E
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A (P<C0. 01) s FLAR 05 5 ML AR 1 7 b f 35 1R AH 56
(P<<0. 01D, 5 v P Pk W 21 4 Fn 0 ot & e W B 3% 1
M H(P<C0.01), fERAIPR S 8 BHOIR B E &,

SANF AR 5 4F 4 5 1 R B W AR O M AR
R PR A R A R 2 OE A G (P<
0.05), 5%y & & i 2 A 2 (P<<0. 05),

P {H P value
1.
HIH‘”}%{ LN | r#avo.se 33 0.88 -0.51| 0.63 | 0.94 |-0.60 0.46 |-0.57 0
D I‘t/( LL =+ [CHN 0.63 -0.87 0.63 -0.49 -0.90 0.67 —0.51] 0.64 08
ﬂ‘l‘% LW LY 0. 61 0.48 | 0.16
DIE LM 0.53] 0.51 06
%{Q SL 0.57
%*ﬂ SD 0.53| 0.57 | 04
ZHE SW .48
%ﬁ%’}ﬁ( SN [ 19 |-0.61 - 02
u‘l‘ﬁ%é\i SPAD b # & ELSPAD 0| 0.40
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Fig.1 Correlation analysis of the main traits of Leymus secalinus germplasm resources
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Table 3 Principal component analysis of the main traits of Leymus secalinus germplasm resources
PEAR F 43 Principal component

Trait PC1 PC2 PC3 PC4 PC5
R LN 0.860 0.067 0.384 —0.055 0.115
MK LL —0.919 0.024 —0.136 0.133 —0.033
58 LW —0.193 0.294 0.788 —0.022 0.162
i LM —0.685 0.349 0.491 0.138 0.182
2K SL 0.929 0.177 0.240 0.026 —0.078
ZEHL SD —0.777 0.230 0.416 0.042 0.095
L SW 0.457 0.455 0.668 0.022 —0.065
ZEHHSN 0.938 0.077 0.282 —0.058 —0.025
SPAD —0.813 0.056 0.177 —0.157 0.269
M PH 0.218 0.657 0.120 0.166 —0.354
i 7P R GW 0.127 0.605 —0.466 0.446 0.369
TR DW 0.330 0.534 —0.430 0.500 0.296
bR PR 4T 4E NDF 0.594 —0.644 0.023 0.075 0.284
iR M e 14 2F 4 ADF —0.721 0.043 0.125 0.259 —0.365
M CP —0.100 0.076 —0.119 —0.664 0.459
K2y Ash 0.088 0.182 —0.019 0.291 0.250
T# i DM —0.102 —0.470 0.516 0.248 0.300
HLIR I EE —0.015 0.458 —0.174 —0.583 —0.019
AR 5] WA (. RFV 0.012 0.751 —0.162 —0.374 0.012
FEAIF{H Eigenvalue 6.383 3.045 2.586 1.687 1.092
BTk % Contribution rate/ % 33.592 16.029 13.610 8.880 5.748
S BTHL % Cumulative contribution rate/ % 33.592 49.621 63.231 72.111 77.859

TE R 327 0 0 a3 9 23 RO R %8 oy

Note: A bold number indicates that the score is relatively high in this principal component
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Table 4 Comprehensive evaluation of germplasm resources of Leymus secalinus

J¥*5 Number 5> Score HE4 Rank  J¥%5 Number 54 Rank fE4 Score J¥*5 Number 154y Score HE4 Rank
1.S69 73.26 1 1.S29 55.25 25 L.S55 40.56 49
1.S46 72.52 2 1.S54 53.61 26 1.S36 40.12 50
1.S6 71.96 3 1L.S72 53.38 27 L.S51 40.02 51
1.S25 71.83 4 1L.S33 53.26 28 1L.S31 39.97 52
LS71 69.21 5 LL.S10 52.24 29 1.S23 39.94 53
1.S39 69.16 6 LS5 51.79 30 1.S45 39.91 54
1.547 68.50 7 L.S24 51.57 31 1.S16 39.83 55
1.S59 68.41 8 1L.S62 51.54 32 LS11 39.48 56
L.S61 67.44 9 1.S30 50.00 33 LLS13 39.17 57
1.S73 65.08 10 1L.S50 48.81 34 1.S41 39.08 58
1.S68 63.24 11 1L.S64 47.41 35 1L.S15 38.13 59
1.S35 63.14 12 LS4 46.63 36 1.S34 37.70 60
1.S26 63.07 13 LS8 45.78 37 1.S56 37.54 61
1.S38 62.65 14 1.S28 45.14 38 1.S42 37.42 62
1.S14 62.38 15 LS2 44.04 39 1.S32 36.97 63
1.S70 61.64 16 1L.S37 43.57 40 1.S20 36.78 64
LS7 61.05 17 LS17 42.81 41 1.S58 36.72 65
LS9 60.43 18 L.S65 42.48 42 1.S63 35.35 66
1.S21 59.62 19 1.S44 42.41 43 1.S67 35.03 67
1.543 58.94 20 LS3 41.59 44 1.S53 34.51 68
1.S40 58.10 21 LS1 41.46 45 1.S22 33.58 69
1.S48 57.82 22 L.S12 41.00 46 1.S66 30.68 70
1.S49 57.59 23 1L.S52 40.78 47
1L.S18 57.21 24 L.S27 40.70 48
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Table 5 The correlation degree and weight of the main traits

of Leymus secalinus germplasm resources

RN RIR W
Trait Correlation degree Weight
R LN 0.477 0.051
HKLL 0.555 0.059

58 LW 0.546 0.059

T LM 0.463 0.050
2K SL 0.500 0.054

2541 SD 0.499 0.053
EESW 0.432 0.046
ZESN 0.493 0.053
SPAD 0.496 0.053

P PH 0.503 0.054
R GW 0.467 0.050
TR 5 DW 0.440 0.047
bR PR U AT 4E NDF 0.506 0.054
R VEVE R 2T 4 ADF 0.580 0.062
P CP 0.427 0.046
HLIK 53 Ash 0.442 0.047
T-#) i DM 0.536 0.057
HLIR I EE 0.478 0.051
AR AN REV 0.498 0.053
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traits
PR 1F FIAE i i BRAR fit

Trait Positive ideal solution Negative ideal solution

R LN 0.261 0

K LL 0.203 0

5 LW 0.207 0

i LM 0.280 0

2K SL 0.238 0

24 SD 0.241 0

25T SW 0.336 0

2L HSN 0.239 0

SPAD 0.245 0

M PH 0.238 0

fif 7 GW 0.273 0

TR =@ DW 0.316 0

Pk PRI AT 4E NDE 0.237 0

FRPE PR & 241 4 ADF 0.191 0

HEFCP 0351 0

MUK 43 Ash 0.311 0

T#1 5 DM 0.212 0

HLIE Wi EE 0.261 0

AH X A BB (. REV 0.242 0

262 o8 ¥ # %34 %
x6 ETREBXRKEFNBEMRRIENSESIEN
Table 6 Comprehensive evaluation of Leymus secalinus germplasm resources based on grey correlation method
95 KIRE He#4 Hi s QIS 4 95 KIKE He4
Number Correlation degree Rank Number Correlation degree Rank Number Correlation degree Rank

1.S49 0.580 1 LS51 0.510 25 LLS35 0.469 49
LS72 0.572 2 LS8 0.509 26 L.S62 0.469 50
1.S46 0.564 3 LS9 0.508 27 1.S43 0.469 51
1.S69 0.558 4 1.S38 0.508 28 L.S37 0.466 52
LS5 0.549 5 L.S41 0.507 29 LS54 0.465 53
LS2 0.548 6 1.S47 0.505 30 1L.S34 0.464 54
LS55 0.543 7 1L.S63 0.504 31 1.S36 0.463 55
L.S6 0.542 8 1S40 0.503 32 LS7 0.462 56
LLS65 0.539 9 1L.S30 0.503 33 LS67 0.461 57
LS73 0.532 10 LS17 0.502 34 1L.S27 0.461 58
1LS59 0.532 11 LS4 0.501 35 1LS33 0.460 59
1.S39 0.526 12 1.S548 0.490 36 1.S66 0.460 60
LS70 0.522 13 1.S28 0.490 37 LS21 0.457 61
1.S29 0.521 14 LS15 0.490 38 1.S52 0.457 62
1.S56 0.521 15 LS16 0.489 39 LS10 0.455 63
LS71 0.518 16 LS13 0.489 40 LS31 0.451 64
LS68 0.518 17 1L.S45 0.485 41 LS20 0.450 65
1.S64 0.517 18 LS14 0.485 42 LS11 0.447 66
1.S42 0.516 19 LS18 0.479 43 L.S22 0.438 67
LS3 0.514 20 LS12 0.477 44 1.S23 0.436 68
L.S25 0.514 21 1.S44 0.476 45 1.S24 0.434 69
LS1 0.513 22 LLS53 0.476 46 1.S32 0.431 70
LS50 0.513 23 1L.S26 0.473 47

1.S61 0.512 24 LLS58 0.470 48
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Table 7 The germplasm resources of Leymus secalinus 45458 2 Rl s kR UEAT A0 0T, B 5T IR th
mainly investigated the positive and negative ideal solutions of - Zj’k‘ e H e i R I R B B 7 e % R A R A
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Table 8 Comprehensive evaluation of Leymus secalinus germplasm resources based on DTOPSIS method

4" Number  MXEZEE Ci HE4 Rank || 4’5 Number  AHXTHEEEE Ci HE4 Rank|| %' Number  FHXTHZIEE Ci HE4 Rank
1.S46 0.531 1 1.S68 0.43 25 1.S42 0.379 49
1.S49 0.522 2 1.547 0.429 26 1.S43 0.378 50
1.S59 0.515 3 1.S61 0.425 27 1.S34 0.376 51
1.S69 0.512 4 LS51 0.421 28 1.S35 0.376 52
LS5 0.504 5 1.S30 0.421 29 .S58 0.374 53
1L.S72 0.501 6 1.S14 0.418 30 1.S54 0.373 54
L.S6 0.501 7 LS13 0.415 31 1.S44 0.37 55
1.S29 0.487 8 LS3 0.415 32 1.S27 0.365 56
1.S25 0.481 9 1.S56 0.415 33 1.S52 0.358 57
1.S40 0.472 10 LLS18 0.407 34 1.S36 0.347 58
LS50 0.471 11 LS16 0.407 35 1.562 0.346 59
LS71 0.47 12 LS17 0.406 36 1.S37 0.345 60
LS2 0.466 13 L.S41 0.404 37 LS11 0.344 61
1.S73 0.464 14 1.S45 0.403 38 1.S31 0.343 62
1.S39 0.462 15 1.S28 0.403 39 1.S10 0.34 63
1.S65 0.461 16 LS7 0.402 40 1.S20 0.34 64
LS8 0.447 17 L.S63 41 1.S67 0.336 65
LS55 0.447 18 1.S53 0.395 42 1.S66 0.325 66
1L.S4 0.446 19 1.526 0.393 43 1.S22 0.317 67
LS9 0.445 20 1.S48 0.389 44 1.S24 0.309 68
1.S38 0.443 21 1.S12 0.389 45 1.S23 0.303 69
1.S70 0.441 22 1.S33 0.384 46 1.S32 0.289 70
1.S64 0.436 23 1.S21 0.381 47
LS1 0.431 24 LS15 0.381 48
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