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Comprehensive evaluation of production performance and nutritional quality of
16 Bromus inermis germplasm resources

HUANG Weil, CHANG Weil, YU Shuyanl, LI Xiaoyunl, GAO Xueqinl, FU Bingzhel’ g
(1. College of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China;

2. Ningxia Grassland and Animal Husbandry Engineering Technology Research Center, Yinchuan 750021, Ningxia, China)
Abstract: To select the Bromus inermis germplasm materials with excellent performance and nutritional quality,
performance and nutritional quality indicators of 16 germplasm resources were measured and analyzed, and a comprehensive
evaluation was performed using gray relational and cluster analyses. The results showed that there were significant
differences in the production performance and nutritional quality of the different B. inermis germplasm materials (P < 0.05).
The fresh yield of Q6, Q8, and Q2 and the hay yield of Q16 and Q4 were significantly higher than the other germplasm
materials (P < 0.05), which can be used as basic materials for obtaining high grass yield. Q16 had high crude protein content,
low acid detergent fiber content, high forage digestibility, and excellent nutritional quality. The leaf-stem ratios of Q2, Q4,
Q10, and Q14 were significantly higher than those of the other germplasm materials (P < 0.05). The cluster analysis divided

Ui EHER: 2021-04-22  HEZHEA: 2021-06-16

HEWEH: TEYCEEMED(2019NYYZ0403): THmEmFEFKE—FERHE R (55 A 5TH (NXYLXK2017A01)
B—1EH: W (1996, &, TEHRPAN, EiEmtA, EENFEREEMHS58REFH. E-mail: huangwei202103@163.com
BIEEE: R (1982-), B, BRyGERRN, #o%, L, FENFPOEFM SRR . E-mail: fbzhel9@163.com

http://cykx.lzu.edu.cn



2238 LN S & 538 3%

the 16 germplasm materials into four categories, and the clustering results had little relationship with the place of origin.
Based on the gray correlation analysis, the leaf-stem ratio, hay yield, crude ash, and crude protein had the largest weights in
the comprehensive evaluation of production performance and nutritional quality of B. inermis, which can be used as key
traits in the evaluation and selection of B. inermis varieties. Q6, Q4, Q10, Q16, Q2, and Q8 had the highest correlation
coefficients with ideal strains and the best comprehensive performance, and could provide the basic materials for the

improvement and breeding of new B. inermis varieties.

Keywords: Bromus inermis; production performance; nutritional quality; cluster analysis; gray correlation analysis;

comprehensive evaluation
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Table 1 Names and source of Bromus inermis

G5 FERERIER 5=
Code Source Origin
| EEE A [ Ak
Q National Forage Germplasm Bank  Xilingol, China

5 PSR v [
Q Inner Mongolia Grassland Station ~ Xinjiang, China
0 EPLE) Gl i) eSS

National Forage Germplasm Bank

Shaanxi, China

H 7 BB X

B4V RAE A -
Q4 FLield collection Ningxia Yuanzhou District,
China
s AR IHCHE R HE H A
Q National Forage Germplasm Bank Gansu, China
o EAFIHCRE AR HE A
Q National Forage Germplasm Bank Baiqji, China
it 2,
WERILRS: WEL LS
Q7 Inner Mongolia Agricultural . .
S Xilingol, China
University
g <M e
Q United States United States
9 TR 5 e S0 P [
Q National Forage Germplasm Bank  Xinjiang, China
1o AU RH
Q National Forage Germplasm Bank United States
1 EEAR A A FETE
Q National Forage Germplasm Bank Ningxia, China
1y BB HE AR DUR
Q National Forage Germplasm Bank Hulunbuir, China
13 EERMEECR A SHEpl
Q National Forage Germplasm Bank = Guizhou, China
o SHERL 2
LIPS S
Q14 Field collection Ningxia Longde County,
China
(5 LIPS SHER DTl
Q Field collection Ningxia Liupanshan, China
o HE T 2R
Q16 SFIPRAE Ningxia Pengyang County,

Field collection

China

105 °C % 15 min, 65 C JtF &8 &, 1T H &+ L,
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3 FEM B Yn S, B kN X 2 (A RE TRV, R
i 7E B AR SR AT TR B 5 25, AR E, i
=M HEH/ETE,
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1.5
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fiber, ADF). ¥ /K 4> (crude ash, Ash) #E47 | 52 . # 4
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feed value, RFV)“S]:

RFV = (88.9 — 0.779 x ADF) x (120/NDF)/1.29.
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1 (Xo) B AHABURE FBZ R ) W 5G Tk R BRI QK JEE o G TG
FBOI SRR BE 1) 1H 5 A R
min;ming|Xo(k)—Xi(k)|+pmax;max | Xo (k) —-Xi (k)|

1 Xo(k)—X;(k)|+pmax;max| Xo(k)—X;(k)|

1.6

&i(k) =

n

1
r(XoXp) = — > riXo(k).Xi (k)]

k=1

s &0 X F X R ER R | Xp(k) — Xi(kb)|FR ™
X, 895 X, BHE k SIIZ4E%0 22, mingming X, (k) — Xi(k)|
N2 P /N %, maxmiax | Xy(k) — X(k)|N 2 i K
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0.5, NN A& E 2 n FERFEM AN r, N LB
52 BB MR, RAKRBX, 5 X, 5 2
(] ST M 11 5
1.7 B
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AN TR) T 5 48 22 B 5T A4 Rk 8] fR = AN 250 2 S
o), A Q7 vk &, N 8294 cem, BE ST

Q2. Q3. Q5. Q12. Q13. Ql4. Q16 (P < 0.05); Q16 ¥k
AR, 0N 67.62 cm, Q7 #R R Q16 Fiit 15.32 cm.
QY XM A& K, N 251 mm &F & T Q3. Q4. Q7.
Q11. Ql4. Q15. Q16 (P < 0.05); Q16 Z=H /), {L KN
1.86 mm, Q9 =1 #; Q16 = H 0.65 mm.
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90 | [ Z# Stem diameter
a
ab b == ab b .
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T S0} & = £ 423
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Ql Q2 Q@ Q4 Q& Q Q7 Q8

Q9 Q10 QI QI2 QI3 Ql4 Q15 QI6

FhF 445 Germplasm code

1 AELEEXRSMEMELLE
Figure 1 Comparison of plant height and stem diameter of different Bromus inermis materials
ANFVINE SRR R R — FR AR i R A 22 5 B3 (P < 0.05); R4S AR 1 FE.

Different lowercase letters indicate a significant difference between varieties at the 0.05 level (P < 0.05); the germplasm code are as shown in Table 1;

this is applicable for the following tables and figures as well.

22 FRIEEEZHEFENTESELHER

16 43 70 1 48 22 i 5t A4 e} 8] i 55 7 8 F0 - 2
w2 R (K 2), oA R R K1 Q6 N
66.47 tthm 3 J: 7% /& Q8. Q2, 4 Wl Ky 64.24 Fl 64.23
thm ) 22 8 T K Q3. Q15 1 Q16 41y o At Fbi 57 44

EE (P < 0.05). 57 & & /N B2 QS5 X N 46.98
thm °, Q6 B B F= &4 Q5 it 19.49 thm °. F-Bif~
B Ql6 i K, H23.71 thm > H KA Q4, H 23.63
thm >, % 5 % & T H AR R M B (P < 0.05);: Q5

TP BN, AU 16.19 thm , Q16 Q4 T Eif= &
5 Q5 4> W& 7.52 1 7.44 t-hm .

[ fif 7= & Fresh yield [O--%7= & Hay yield
80 a a 725
= ==
70 be aE ]Ej'g Elg - 2 cd be
— de  abfF be — ab)| de — —_
— € cd cdl = = cd € b bel | 4 20 &
=== cd = — — D
% 60 | ef f =5 o B A& . £
S5 = ] =
E 50 2 {15 2
- . —
< 40 | §
o
= as
23 4 10 -
m 0T ﬂﬁ*
& 20 ¢ i
® 1 5+
10
0 . . . . . . . . . . . . . . . L1 0
Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q0 QI QI2 QI3 Ql4 Q15 Ql6

Fi 545 Germplasm code

B2 TREEEXHE~EMTE~ELER

Figure 2 Comparison of fresh yield and hay yield of different Bromus inermis materials
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25 LA PP A O A 7 MR RE B R AR 2 —
(181 3)e AR T 0 4 22 Al 5 b4 R} ) i 25 LE 22 7t 6 2

1.8
1.6 a a

1.4 | —-— cd cd
1.2 —_—
1.0
08
0.6

25 H Leaf to stem ratio

04
02 F

0.0

(P <0.05), Hr1 Q2. Q4 M2t K, $75 1.53; Q10.
Ql4a Rz, M 1.50, 23 & T HoAth Fh s M4 K (P <
0.05): i =25 Hef /M 72 Q6, 1 1.20,

QL Q2 Q3 Q4 Q5

Q Q7 Q8 Q9 QI0 QIl QI2 QI3 Ql4 QI5 Ql6

M 4w 5 Germplasm code

3 FEEEEEMZEER

Figure 3 Comparison of the leaf to stem ratios of different Bromus inermis materials
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ANIF T2 A8 2 P SO B IR o 22 S R (3R 2).
H, HEO S ERETE QL6 N 17.70%, & &
T Ho Al B KR (P < 0.05). KA B & B o 12
Q14, N 1.90%, & 2 & T QI. Q2. Q4. Q7. Q8. Q9 Fl
Q15 (P <0.05). NDF & & i =1 172 Q12, N 53.71%;
H G2 Q5 A1 Q7, 43l N 52.89% F 52.88%, &3 &
T Q1.Q2.Q3.Q13.Q14.Q15 A1 Q16 (P<0.05); Q16 [
NDF & & 5 1%, XN 50.72%. ADF & & # & /2 Ql,
N 34.14%, HUGE Q12.Q11, 4341 33.54% #133.39%,
TEET Q3. Q4. Q7. Q8. Q10. Q13 fil Q16 (P <0.05);
Q7 1] ADF & 2 51k, XA 30.68%. Q14 Q16 [¥) 4
Ry & B, 70N 10.48% A1 9.92%, i 2 T
AR BT RL (P < 0.05); Q6 FIHL K 43 & & & A%, X
N 7.52%, WK T H AR BT A BE (P < 0.05). Q16
AR R S5 ] PR M B e, A 117.48, B35 & T QL. Q5.
Q6. Q7. Q9. Q11. Q12. Q14 (P < 0.05); Q12 [ AH X 1Al
MR B MG, A 108.736
25 BESH

BT PR bn 58 IR O T3 E, X 16 3 TE
U TR BT RGBT BIRDIRE (& 4),
PLER 2BE B 5.5 8 70 Ft 46 Wl A4 3X 16 10 A1 kL 0 N
425, % 12X H Q4. Q10. Q8. Q15. Q11. Q6. Q7.

W HE 2 Euclidean diayance

0 5 10 15 20 25

Q4
Q10
Q3 —
Q15
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Q13 :|__
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L 1

FFi4m 5 Germplasm code

4 REEXMEMBRERESN

Figure 4 Hierarchical cluster analysis of
Bromus inermis germplasm materials

Q3. Q13. Q9. Q2 3L 11 A+ kLA B, 25 12K 1 Q1.
Q12. Q14 3L 3 i B4 kL 41 pl, 1 265 M. IV 2E 3 43 73l B
Q16. Q5 HME R . WNEERE, 1X 16 17 B 5T A4 KL 8]
KRARBNEIR, FTE MBI A ™A 4% I8 7= 5
fE—id.

2.6 REBXREHKESH

RIER R HCT LA T i LLAL S 5 2 25 H00 & 48 A
A IR ORI RE L o MR % 45 Am IO 48 0 2248, R 2
AT BT H SRR R & 5Bl AR IR 2 1) B 2
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Table 2 Comparison of nutritional components of different Bromus inermis materials

T 5 i HEA L s SRERV Rz A 2T 4 RSy FAR AR MRAN
Germplasm Crude Ether Neutral detergent Acid detergent Crude Relative

code protein/% extract/% fiber/% fiber/% ash/% feed value

Ql 12.50 +0.27¢g 1.69 £ 0.03cd 51.28 +0.06de 34.14 +£ 0.06a 8.47+0.03def  113.02 + 0.05def
Q2 15.31 £ 0.14bc 1.69 £0.03cd 51.73 £ 0.28cde 32.13 £0.20cde 9.11 £0.14bcde 114.87 + 0.54abcde
Q3 1493 £0.10bcd  1.76 £ 0.08abcd  51.54 + 0.06cde 30.69 +0.31f 8.67+0.23cdef 117.32 4+ 0.35ab
Q4 1425+ 0.15cdef  1.71 £0.03cd 52.17 £ 0.18bcd 31.63 + 0.43def 9.44+0.15bc  114.58 + 0.65abcde
Q5 14.50 + 0.24bcde  1.90 £ 0.03a 52.89 +0.15ab 32.42+0.30bcde  9.21 £0.12bcd  111.96 £ 0.69ef
Q6 13.18 £ 0.06fg 1.86 £ 0.02ab 51.99 + 0.45bcd 3228 £0.30bcde  7.52+0.14g 114.09 + 0.86¢cdef
Q7 13.85 + 0.47def 1.72 £ 0.03bcd 52.88 £0.35ab 30.68 £ 0.27f 9.22+0.30bcd  114.36 + 1.06bcdef
Q8 1493 £0.45bcd  1.45+0.03¢ 51.86+0.30bcde  31.58 +0.21def 8.98 £ 0.26cde  115.33 + 0.96abed
Q9 1494 +0.24bcd  1.74 £ 0.04bcd 51.87+0.18bcde  32.55 + 0.28bed 8.52+£0.26def  113.96 + 0.30def
Q10 1436 + 0.25cdef  1.83 +£0.02abc 52.51 +0.28bc 31.13 + 0.24ef 8.29 + 0.16ef 114.52 + 0.62abcde
Q11 14.84 +0.35bcd  1.81 +£0.03abc 52.35+0.03bcd 33.39 + 0.02abc 9.09 £ 0.14bcde  111.76 + 0.08f
Ql12 14.24 £0.03cdef  1.79£0.03abcd  53.71 £0.32a 33.54+0.31ab 8.86 £ 0.13cdef 108.73 +0.50g
Q13 15.73+0.13b 1.89 £ 0.03a 51.34 £ 0.16de 31.27 + 0.24def 9.29+0.13bcd  116.94 + 0.55abc
Q14 13.59 +0.17efg 1.90 +0.03a 51.37 £ 0.22cde 33.23 £ 0.18abc 10.48 +£0.15a 114.13 + 0.49cdef
Q15 14.82+0.10bcd  1.66 £ 0.06d 51.62 + 0.06cde 32.42+0.10bcde  8.03 £0.13f 114.69 + 0.26abcde
Qle6 17.70 £ 0.14a 1.80 £ 0.0labed  50.72 +0.28¢ 31.90 £ 0.37def 9.92+0.10ab  117.48+0.77a

[FHIAN /NG R R R A AE i 3 22 57 (P < 0.05).

Different lowercase letters indicate a significant difference at the 0.05 level.

B R BOE N 0.3334~1.000 1(% 3). BT T4 E
5 VDR AR 10E AR 1 B PR RS ), 7% AR 48 A A At
S TR AR AT B AU, T & MR A AL E . RS
THRESE BT A, B4R bR e A2 P2 VR 5 8 77 L VT
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Table 3 Correlation coefficient of experimental varieties and reference variety
Gejj;)ﬁliatﬁfsode X Xy X3 X4 Xs X X7 Xy Xy Xio X

Ql 0.7269  0.6670 0.6341 0.5051 0.5000 0.3507 0.5872 0.9351 0.6100 0.5865 0.8071

Q2 0.5838 0.7025 0.9999 0.8248 0.6180 0.5402 0.5927 0.8907 0.7780 0.4764 0.8773

Q3 0.6278 0.4882 04671 0.7105 0.4643 0.5034 0.6892 0.9092 0.9981 0.5448 0.9920

Q4 0.7991 0.5468 09803 0.6627 0.9795 0.4484 0.6087 0.8505 0.8407 0.4391 0.8657

Q5 04712 0.6464 0.5594 03510 0.3334 04668 09919 0.7947 0.7472 0.4644 0.7716

Q6 0.7677 0.7035 0.4187 1.0000 0.6904 0.3829 0.8807 0.8666 0.7617 1.0000 0.8460

Q7 1.0000 0.4444 0.5720 0.6463 0.4667 0.4217 0.6313 0.7949 1.0000 0.4626 0.8563

Q8 0.7318 0.7722  0.6976 0.8256 0.6797 0.5027 0.4030 0.8777 0.8467 0.4943 0.8966

Q9 0.6311 1.0000 0.5814 05731 0.5083 0.5037 0.6522 0.8776 0.7333 0.5752 0.8415

Q10 0.8313 0.6020 0.8908 0.6627 0.6471 0.4567 0.8096 0.8224 0.9152 0.6332 0.8628

Q11 0.7596  0.5455 0.4199 0.6197 0.6930 0.4947 0.7765 0.8361 0.6610 0.4788 0.7652

Q12 0.6711 0.6400 0.5011 0.4608 0.6888 0.4474 0.7395 0.7404 0.6497 0.5132 0.6805

Q13 0.6113  0.6305 0.6406 0.5816 0.4699 0.5874 09654 0.9290 0.8929 0.4551 0.9722

Ql4 0.5312 0.4413 0.8652 0.4899 0.5760 0.4054 1.0001 0.9262 0.6740 0.3599 0.8476

Q15 0.7275 0.5439 0.5644 0.6989 0.6449 0.4937 0.5574 0.9008 0.7464 0.7168 0.8701

Qlé6 0.4620 0.3821 0.6449 0.7059 1.0000 1.0000 0.6900 1.0000 0.8050 0.3967 1.0000

T Weight 0.0751 0.1051 0.1440 0.1093 0.1429 0.1285 0.1012 0.0093 0.0395 0.1287 0.0164
Xy BRE X ZM: Xs: WREEMG Xy SRR X TEME X MEO: X BB Xe: TSRS Xo: BRIERKRT4:

Xior AAIF: Xy ARRGARRANE

Xj: Plant height; X,: Stem diameter; X5: Leaf-stem ratio; X,4: Fresh yield; Xs: Hay yield; X¢: Crude protein; X;: Ether extract; Xg: Neutral detergent fiber;

Xo: Acid detergent fiber; X;o: Crude ash; X;;: Relative feed value.
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Table 4 Weight association and rank of experimental varieties

o5 i ISR EEA
Germplasm code Weighted gray correlation Sequence
Ql 0.5687 15
Q2 0.6842 5
Q3 0.5784 14
Q4 0.7021 2
Q5 0.5396 16
Q6 0.7189 1
Q7 0.5801 13
Q8 0.6492 6
Q9 0.6272 7
Q10 0.6989 3
Q11 0.5918 11
Q12 0.5807 12
Q13 0.6267 8
Q14 0.5955 10
Q15 0.6258 9
Q16 0.6947 4

Hem, BHARTE bR AN . I, FEL TR AT
o, NE R B R R, TR RV K E A
4 T5EE AR bR, A L BE A M B AR S PR K AR K
[ B 3 N BEAT KB 2% B 5e 0 1 AN R JE v 42 22 ol
JRAS B S 1R, MDA M A AN A AR 7 R R
MITE T2 Z AR R A Al

S F R A8 SR TR 53 A2 43 6 VAR 0 o ol ) 5
B A Al 2 A S R A P R AT MR 1
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