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A multivariate evaluation of agronomic traits, yield and seed production in ten
accessions of Bromus inermis from the Three—River—Source Region
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Abstract: To screen for superior Bromus inermis genetic material suitable for cultivation in the area surrounding
Qinghai Lake, this study utilized ten wild B. inermis germplasm lines from the Three-River-Source Region. The
research was conducted in Haibei Prefecture, Qinghai Province and analyzed and compared agronomic traits of the
germplasm lines, including forage yield and seed yield. A structural equation model (SEM) was constructed to
identify key agronomic traits influencing yield. Additionally, the TOPSIS multi-criteria decision model was
employed for a multi-trait evaluation of the tested B. inermis germplasm, to provide formal testing of B. inermis
lines intended for cultivation around Qinghai Lake. It was found: 1) At two years old, variety GN-2210 exhibited

greater plant height, stem diameter, leaf area, and seed yield per plant than other lines, measuring 137. 20 cm, 5. 18
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mm, 30.69 cm?, and 114.29 g-plant ', respectively. At three years old, the plant height, stem diameter, leaf
area, and seed yield per plant of GN-2210 reached their maximum values of 111. 80 ¢cm, 4.33 mm, 25. 73 c¢cm?, and
106. 30 g-plant™', respectively. 2) Analysis using a piecewise SEM indicated that leaf area and tiller number were
key factors affecting the forage yield of B. inermis, while the key factors influencing its seed yield were leaf area and
stem diameter. 3) The TOPSIS multi-criteria decision model demonstrated that the GN-221 germplasm lines was
significantly superior to other varieties in terms of biomass accumulation and seed yield per plant, making it suitable
for cultivation and promotion in the eastern Qinghai-Tibet Plateau.

Key words: Bromus inermis; production performance; resources; comprehensive evaluation
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Table 1 Sources of experimental materials

Tl 5 s 5 Filt 53 44 FR R B b A ARy

Germplasm number Variety name Collection places Microhabitat
GN-221 TCrE48 2% B.inermis 51848 5t B3¢ H1H% Mangqu Town, Guinan County, Qinghai Province i HiA[] 3] Mangla river bank
GN-222 ToT46 72 B.inermis 648 5t 2V £ Shagou Village, Guinan County, Qinghai Province #1111 Roadside slopes
GN-223 TEAE# B.inermis 7544 527§ B35 % £ Taxiu Village, Guinan County, Qinghai Province  iB 4k %3 Degraded grassland
GN-224 TA=48 % B. inermis ¥ W48 #t# EYE 1 £ Mangla Village, Guinan County, Qinghai Province  [L13% BA 3 Hillside shady slopes
GN-225 Tot:48 3 B.inermis HGE 57 BB 55 £ Taxiu Village, Guinan County, Qinghai Province 13 Riverside
GN-226 T B.inermis 38 5T B £ £ Senduo Village, Guinan County, Qinghai Province f#3i# M Roadside scrub
GN-227 THEAE# B. inermis 754 52 B 7078 £ Shagou Village, Guinan County, Qinghai Province - # H[A] In the middle of the dirt road
GN-228 T B.inermis 34 5t B35 H7 £ Mangla Village, Guinan County, Qinghai Province {#%11 Roadside
GN-229 TCrE4E % B.inermis 548 927 B0 78 £ Shagou Village, Guinan County, Qinghai Province 14255 Fenced area
GN-2210 TAo4e % B. inermis 14 5 H £ % Senduo Village, Guinan County, Qinghai Province [Fil#% 3 & %37 Fence off pastureland
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i BE 95 (P<<0. 05) (B 10) o 3¥& BT, GN-2210 #k &5 25 At i AR A K, 4351 o 111, 80 em 4. 33 mm Al 25. 73 cm”
(BT a~c), 3w T AL Fp BT 985 ; GN-221 873 BE RO SRR 5 7= & de g, 43 51 ok 359. 75 32 - #k 11695, 71 g+ #k !
(K 1d, e), GN-221,GN-2210 ¥k Ff 7 7= f 88 5, 35 104, 29 F1 106. 30 g Bk ', & 25 = T HoAb ¢ 5 (P<<0. 05)
(K 16).
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Fig. 1 Agronomic traits and yield performance of B. inermis germplasm resources

KE TR m 2 1% w45 B i %8 U5 (0] 22 5 W3 (P<<0.05) , /NE 5 BF e om 3% I 45 B it 9% U8 [0] 25 5 W 3 (P<<0.05) . The capital letters indicate
significant differences in 2 years old germplasm resources (P<C0.05) , the lowercase letters denote significant differences in 3 years old germplasm

resources (P<20.05).

RH 2 ANOVA 25 5 7R, 08 VRIS G 7e bk i ZERL 1 B R BE S R Bk B 7 7= i o 2o IR 383k 5
e 8k 35 7K (P<0. O1) , 1 B ke 0 7 ST 9 U8 PR~ A0 0 R RIS 00 10 58 L 3550 7 %o ke o S A i 3 5 i ( P<<
0. 01) , % T ARGt 2 52 ) (P<<0. 05) , % 2501 L8043 BER L bk B 77 B R BR A 7 i C W 3 e (R 2) .
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W, GN-221 1 25 G M B8 5, 2 38 B0 7 780 i AR AR AR
B 0 AR TR
2.4 RFZEEZMNRTRZZH Y IR ZSN

W fif BT TG T 48 22 PR T 5 BT A 7 1 Y R
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Table 2 Two-way ANOVA of the effects of varieties and age

groups on phenotypic traits and yield in B. inermis

i H Ttem A B Treatment F P
3= PR Varieties 120.488  0.001
Plantheight &4 Age group 639.544  0.001

PR X Wy P Varieties X age group 5.413  0.001
ESii| PE Varieties 44.965  0.001
Stem diameter &4 Age group 119.853  0.001

PR X W P Varieties X age group 1.509  0.159
i AR YEUR Varieties 245.412  0.001
Leafarea %% Age group 48.712  0.001

PR X Wy P Varieties X age group 3.346  0.002
A BEEL PEUR Varieties 162.928  0.001
Total tillers %% Age group 71.772  0.001

WU X WA Varieties X age group 2.545  0.013
BAR 7 PEUR Varieties 22.833  0.001
Grass yield per g2 Age group 0.803  0.373
plant PR X Wy P Varieties X age group 0.501  0.870
HRFh TR B Varieties 9.196  0.001
Seed yield per  yha Age group 12,578 0.001
plant PR X Wy P Varieties X age group 0.600  0.793

T P>>0. 05 7R A 3% 5 P<<0. 05 7R b % s P<<0. 01 KR i % o
Note: P>>0.05 indicates no significant difference; P<C0.05 indicates

significant difference; P<Z0. 01 indicates extreme significant difference.
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2 REEEZEFESNKREMHIRA Mantel 18 X 57

Fig. 2 Mantel correlation analysis between yield and agronomic traits in B. inermis
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WEE A AR, AR RN —0. 065, A LA R B (P=0. 747\ Fisher 4 & #: 58 Fisher’s C=0. 583)
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Fig. 3 K-means clustering analysis of key traits in B. inermis germplasm resources
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Fig. 4 TOPSIS comprehensive evaluation of B. inermis germplasm resources
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Fig. 5 Structural equation modeling (SEM) analysis of the influence pathways of age groups and germplasm resources on
individual plant forage yield, seed yield and standardized effect sizes of key factors

VL P S92/ M )k 2k 7 50 SR A Sk 35 14 X o/ BT S0 6 R BR{ELOE B A AR AL AR R < RORTE 0.05 K F B2 S 3+ KR TE 0.01 K B2 5 1
e RIRTE 0.001 K 22 5+ B 3% . Solid vectors indicate significant positive effect relationships, while dashed vectors represent significant negative
effect relationships. Numerical labels correspond to standardized path coefficients. Asterisks denote significance levels: *: P<C0.05, **: P<C0.01, ##*.

P<20.001.
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