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Comprehensive evaluation of agronomic traits and yield of eight Elymus sibiricus

varieties in the Qinghai—Tibet Plateau
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Abstract: The aim of this research was to comprehensively evaluate the performance of Elymus sibiricus varieties in
the Qinghai— Tibet Plateau. The work was conducted in Haiyan County of Qinghai Province, and analyzed the
agronomic traits and forage yield characteristics of eight E. sibiricus varieties, using a TOPSIS model to identify
superior varieties. In year two, varieties designated 16-364 and 17-195 had greater plant height than other varieties
(108.1 and 109. 0 cm, respectively) , while variety 16-093 had the highest grass height among the tested varieties
(36.8 cm) and the greatest forage yield per plant (dry weight) (170.3 g). Varieties 15-025 and 17-195 had the
highest tiller numbers (123 and 124 tillers of per plant, respectively). In year 3, variety 17-195 had the greatest
plant height and crown breadth (122.7 ¢cm and 140. 8 ¢cm, respectively), while variety 16-093 had the greatest grass
height and forage yield per plant (51. 8 cm and 234. 7 g, respectively). Variety 15-025 had the highest tiller numbers

(456 tillers per plant). A structural equation model showed that plant height and tiller numbers were key factors
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affecting E. sibiricus forage yield. The TOPSIS model multivariate evaluation showed that the variety 16-093
ranked highest for forage productivity and stability, making it a suitable variety for cultivation in the study region.
Therefore, variety 16-093 could be used as parent material for new variety breeding as a next step.
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Table 1 The test materials and sources

e A= B4 RN o LA (273 INA B
Germplasm ~ Variety name Collection places Geographic Altitude Microhabitat
number position (m)
15-025 At A KGE B RHE £ BHAF Xiegou Village, Xiegou Town, 101°34. 77" E, 2760 1 Riverside
E. sibiricus  Datong County, Qinghai Province 36°58.57' N
15-285 ETiE A KGE B Ak % £ 3% 2 Huangeipo, Xianghua Tibet-  101°52.57" E, 3100 #&i41Li#E Slope of road-
E. sibiricus  an Town, Datong County, Qinghai Province 37°5.18" N side
16-093 A HIEE TR B 29520 1% £ LUK Zhasha Village, 101°9. 23" E, 3140 M3 E H1 Inside of
E. sibiricus  Huangcheng Mongol Town, Menyuan County, Qinghai Province 37°38.23" N fenced meadow
16-317 ik FHfE G H B B3 £ KA Kk Dahegian Village, Biantan 102°6.31" E, 3050 i EFEEF R
E. sibiricus  Town, Huzhu County, Qinghai Province 37°0.4" N Fenced meadow of slope
16-364 ik HEE KiE B E M S 1+ A K Baituyahe Village, Qinglin 101°20. 29" E, 2870 i1 Riverside
E. sibiricus  Town, Datong County, Qinghai Province 37°6.21" N
17-152 PASr = TFHHFA R LW 0% £ f2 10K Yushan Village, Xinjie Hui ~ 101°21.57' E, 3030  #%313# M Shrub of road-
E. sibiricus  Town, Guide County, Qinghai Province 35°41.19" N side
17-195 EoRr 2 T4 1 5 TR I A Douhoulang Village, Guide County, 101°13.33" E, 2975 ML EE A Inside the
E. sibiricus  Qinghai Province 36°12.18" N fence of roadside
19-027 itk T4 R B XU 78 B Shuangpengxi Village, Tongren Coun-  102°11. 38" E, 2570 H31 Roadside
E. sibiricus  ty, Qinghai Province 35°34.74" N
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A R R B A8 A (] S5 3 R e 7E 105 “CAYTE 30 min SRR EE E 75 CHLT B E LR T E .
1.4 FESH

FH Excel 2019 $EA7 891 A 8 3 . SR SPSS 19. 0(SPSS 19. 0, Chicago, L, 3 [) S 4 A 7] 3 5 2 B 1
PR el R B BE L 43 BE ORI T Y 1 25 % (Kolmogorov-Smirnov) Fil 75 2% 55 14 (homogeneity of
variance ) #F 17 K 5, S8 5 R 3R U7 22 43 M v i 22 B 3 (multiple comparisons) X F 3R 35 bR #E 47 & 3 V553
(0.05 7K ) o FFREA [m] 2 v 22 95 U5 1 25 L8 br 2F 47 XU R 7 22 53 B (Two-way ANOVA) . & H] factoextra Fl
ggplot 2 B 0 %] & 15 22 B2 U5 Ol MR A K 3 R 200 Fr . SR A plyr Bcdia 2 2 1 W P SR AR - T OPSIS (technique
for order preference by similarity to an ideal solution) % & 1= 22 B¢ I A& 2R AR 5 bR AR B 7= it AT 28 6 0P o R
Mantel test A 5 1 73 B X 3 142 22 B P A 201 MR 5 B R ) s 7= dk R AT AR DGR 0 BT o SRy — 20 TR 52 ) 2 1 22 U
PR AR PR BRI T, SR B R 4. 0. 2 piecewise SEM A & 73 B X 45 44 T FRAR Y | 451 AN [] 3 7 22 98 R % B
PR ) 7 e ) R o R R L AR R 8. R FH Origin 2021 #0442 12 .
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2.1 REMKERE>ZS
22U B, 16-364 . 17-195 ¥k i & i, S 108, 1 /1 109. 0 cm, B3 5 T 17-152(P<<0. 05, &l 1a) ;16-093 B J2 & i i
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Fig. 1 Agronomic traits and forage yield characteristics of different E. sibiricus varieties
[ /N SRR R TR 2 Y I P A R R R 25 S W 3, RS R R R 3 I P A WE R IF] 25 5 B 3F (P<<0.05) . Lowercase letters indicate the significant

differences among the E. sibiricus varieties at the 2-year, capital letters indicate the significant differences among the E. sibiricus varieties at the 3-year (P<<0.05).

d);17-195 5 g 5 A, S 110. 8 em, B K F 17-152(P<<0. 05) (& 1e) ;15-025.17-195 4 BE s £, Sy 123 1 124
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(Il 1a,e);16-093 B0 22 5 B2 de iy , SRR R 77 6 I 35 A 5, 4309 51,8 em, 234. 7 g(1# 1b, g) ;16-093,15-025,16-317
MR K, 1518, 9~20. 1 em, B3 K F 15-285(P<C0. 05, [ 1c) 515-025 M % fig K, M 1.5 em, B & KT 16-317(
1d) 515-025 43 BERUER R, S 456 K- bk, 35 i T 19-027 (&1 16) o

KPR 25 25 3 B 3 W, A7 00 R0 VR X Ak 4 8 35 B I B e R LR B BE ORI B R R P 3 A
S (P<<0. 01) , %k it TE 58 35 52 0 (P=>0. 05) 5 4F 073 F1 9% Y5 52 B A0 oF A Ak 446 % o2 J3E e Wl L5 )22 o8 38 20 BE LA
B B A M B R e, X i B R R e, e K T R R (R 2) .

K2 FOHMBEMNEEERZURSAETEZMHINEZTEST

Table 2 Two-factor variance analysis of years and varieties on agronomic traits and forage yield of E. sibiricus

T H b3 S5 A Fi A ¥ F P
Item Treatments Sum of squares Degree of freedom Mean square

/3 A} Years 6096. 441 2 3048. 220 367.025 0. 000

Plant height Vel Varieties 7153. 887 7 1021. 984 123.053 0.000

AR X PR Y ears X varieties 7090. 420 14 506. 459 60. 981 0. 000

RS A} Years 239.878 2 119. 939 1.669 0.193

Leaf length Ve Varieties 729. 866 7 104. 267 1. 451 0.191

AR5 X B IR Years X varieties 912.317 14 65. 166 0.907 0.553

5 A} Years 2.743 2 1.371 65.911 0. 000

Leaf width VeI Varicties 3.785 7 0.541 25.991 0.000

AR5y X BB Years X varieties 0.542 14 0.039 1. 860 0.037

i i A} Years 13704. 681 2 6852. 340 535. 397 0. 000

Crown breadth ViU Varieties 34802. 944 7 4971. 849 388. 468 0.000

ARy X BE YR Y ears X varieties 6656. 431 14 475.459 37.149 0. 000

B2 1R 2 A} Years 3763. 191 2 1881. 595 856. 487 0. 000

Grass height VeI Varieties 7603. 707 7 1086. 244 494. 450 0.000

AR5y X BE I Y ears X varieties 1254. 059 14 89.576 40. 774 0. 000

53 BERL A} Years 902876. 462 2 451438. 231 40691. 750 0. 000

Numberoftillers 235 varieties 413301. 818 7 59043. 117 5322. 030 0.000

AR5y X BE I Y ears X varieties 119406. 677 14 8529. 048 768.792 0. 000

LRV NS ) B4 Years 170269. 347 2 85134. 674 4335.925 0. 000

Yield per plant eI Varieties 136282. 549 7 19468. 936 991. 556 0.000

AR5y X BE I Years X varieties 15022. 431 14 1073.031 54. 650 0. 000

W P>0.05 K /RARFH,P<0.05% 58 B3#,P<0. 01 F#ath BE.

Note: P>>0. 05 means not significant, P<<0. 05 means significant, P<<0. 01 means extremely significant.

2.2 RRIEZEEZEZRRREERE ZRFE = S48 XMW

Xt AN [6] 3 45 22 BE AR IR A5 B bR AR B B E AT Mantel test A SEPE AT (18 2) , 45 SR 0], 2 iR i, ook o5 7
SR SRR R R A BEA I A DG, TR R S AR O AT BERC S i TE R )2 A
O 3RS, BRSO e R R R BE AN S E A DG, e e A R B E A G, A BES S
i PR R IR
2.3 RREEEFTREESIFN

AT RV 8 Bl 2 22 W IR (N 25 A e, B T 0GR MR R AT K (B SR 28 00 (&1 3) L 2 8 I, & 2 22 R IR SR hy
22, Hoh A 18 He e ns , 0. 73, FIE L, EEA 15-025.16-093,17-195.16-364; 3 4 IF, 12 £ IR N 2
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Fig. 2 Mantel test correlation analysis between agronomic traits and forage yield of different E. sibiricus varieties
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Fig. 3 K-mean clustering analysis of key traits of different E. sibiricus varieties
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BT 4y B ah b 0 B b bR o 6 4 FR B0, T B T A4S R A BRSO T AR AN A AR ([ Sb) g SR
Xof 2 1 27 BRI B R ARG PR R R A3 BEECY A RON B, 43 A R 0. 645.0. 435 F10. 559, IRLIL , A 4 FRE IR
= L 3R ) 4 BE SR A 7R S T R ) T R
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Structural equation model analyzed the influence paths of years and varieties on forage yield per plant (a) and the

Es
Fig. 5
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