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Evaluation of yield, nutritional quality and silage quality of 18 oat varieties in
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Abstract: This research aimed to identify high-quality oat (Avena sativa) varieties suitable for the alpine climate in
Shigatse. Eighteen forage oat varieties were selected and cultivated in Shigatse City, and their agronomic traits,
yield, nutritional quality, and silage characteristics were determined. The results indicated that the oat variety
Tianyan 75 had the highest hay yield (up to 13.40 t-ha '), followed by Taike (11.39 t-ha '). Taike had the
highest crude protein content, at 12. 17%. Dingyan No. 2 had the lowest neutral detergent fiber (NDF) content, at
46.34%. Gaoyan 17, Dingyan No. 2, Youmu No. 1, Qianfeng, and Taike had lower acid detergent fiber (ADF)
contents than the other tested varieties, with the ADF contents being 24.07%, 24.75%, 25.10%, 26.15%, and
26.36% respectively. After 80 days of natural ensiling, all varieties showed good fermentation except for Indimite,
Longyan No. 3, Gloria, Gaoyan 16, and Dingyan No. 2, whose silage pH values were higher than 4. 2. Taike and

Tianyan 2+ had comparatively high lactic acid contents. The ammonia nitrogen content of all varieties was lower
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than 10% ; Indimite and Youmu No. 1 had the highest butyric acid contents at >1%, while the other varieties were
all lower than 1%. Qianfeng, Youmu No. 1, and Taike ranked the top three in terms of relative feeding value and
forage grading index of their silages, exhibiting high forage value. Based on a multivariate consideration of yield,
nutritional quality, and silage characteristics, and according to the results of principal component analysis, grey
relational analysis, and entropy-weighted TOPSIS analyses, Qianfeng, Youmu No. 1, and Taike are recommended
as high performing varieties of forage oats in the alpine regions of Shigatse.

Key words: alpine region; oat; silage quality ; comprehensive evaluation; variety screening
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MRS . BRI AR A R, A P S T MR ARk VR 1 IR DX R A R e TR
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31 35 FE 51 25 35 F7E VG H v 00 DR R HE ) . SRR B AT AR T e E XN 7 T R R R
FRE SIS SR MR IE 5, S BRI M DCHE T R . R T Y e ) X R P e S R AT A o R
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Rl AR 7 AN SRR 2R VE A ARSI (8 G Bk B2 43 BT 1k (grey relational analysis, GRA)™,
F I ALY A VT BEAE A7 HE 9% (entropy weight-technique for order preference by similarity to an ideal solution)" Fll
& W43 43 M7k (principal component analysis, PCA)"™ 4§, 3 i PF A 455 70 46 45 O 34, {H B — PFAN O 3 X LA 5 4 R skt
PEAN A FLPE R BR 1 o PR, A IS 48 L 18 /4> ) FH R 22 it b D A RE R AT 51 AalEs: | 3 B0m i e 2SR L 37
RN WA PE SRR R A R LS VTR R PEAN A e S APy BAR SR B . B AE WA 2 i 22 S AN AE H g DU b DX Y
LRI UL B 708 1 5 S BT HE 2 i e, Ay > e 3 B B IR ) AR 7 Rl T R R AR
PR AR
1 MHBE5FE
1.1 K%kt

X6 £ T 74 AR DU T R KPR B SO ED 2 i SR (29. 2517 N, 83.252° E) g4k 3836 m, Ja LR Y iRy SR A
RS, BRI 120 d £ 47, AR —1~23 °CL4E K i 350 mm . 5 b + @ w0 B+, pH 6. 83,
HHLF13.2 g kg, 2R 0.9 g kg Bl A 69. 1 mg-kg ', A BE6. 7 mg-kg !, AL 49. 0 mg- kg, I Hb A
HAEY) R .

1.2 XA
ZHRME AP E B TE WK 1,
1.3 KRt
FHBEHLIX A3, /NXE AL 3 m X 5 m, A 1 m. 20244F 4 H 26 H 44 , 1% A% %}y 270 kg+hm 2, 1711 30
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Table 1 Oat varieties and their sources for the trial

bl Varieties KR Source
#4015 Youmu No. 1 Jb a5t B Hr 4R 5Olb A FRZA 7 Beijing Best Grass Industry Co. , Ltd.
YL i K 4F Indimite I 1] A 3R 8 4 AR H A PR 7] Sichuan Zhihe Chengrui Agriculture and Animal Husbandry Technology Co. , Ltd.
78 50 Taike A6 E Hr 4R HOIb A FRZA 7] Beijing Best Grass Industry Co. , Ltd.
[ 34 55 Longyan No. 5 Hfr el K2/ 8 BAE RO A B 7 Gansu Agricultural University/Best Grass Industry Co. , Ltd.
15 5 Hanma SRR S DL A7 PR 2 7] Shengmu Hi-tech Ecological Grass Co. , Ltd.
Hi# Qianfeng 65 B Wi R FOIL A FRZA 7 Beijing Best Grass Industry Co. , Ltd.
e 2+ Tianyan 2+ Jb 5UE I8 % POl BHE & B 47 BR S 7 Beijing Baigingyuan Animal Husbandry Technology Development Co. , Ltd.
3% 17 Gaoyan 17 TR R 24 EOL AT BR 72 F] Qinghai Tianxing Grass Industry Co. , Ltd.
[ 3% 4 5 Longyan No. 4 Hf Al K2 /A ARl AT BR2S 7 Gansu Agricultural University/Best Grass Industry Co. , Ltd.
434 7 %5 Baiyan No. 7 Hl B W R F A A PR/ 7] Gansu Best Seed Industry Co. , Litd.
[ 3% 3 %5 Longyan No. 3 Hf 4ol K2t/ B VR EOIL A5 BRZA 7 Gansu Agricultural University/Best Grass Industry Co. , Ltd.
AU Gloria A6 5B Wi AR FOIL A FRZA 7 Beijing Best Grass Industry Co. , Ltd.

GRS Qinghai sweet oat IR o R % BV A5 BR/A F] Qinghai Tianxing Grass Industry Co. , Ltd.

3% 16 Gaoyan 16 TR R 24 EOL AT BR 7Y A Qinghai Tianxing Grass Industry Co. , Ltd.

#5114 Qingyin No. 1 I IE R 24 HIL A BR A 7 Qinghai Tianxing Grass Industry Co. , Ltd.

fll# 75 Tianyan 75 A6 A T R & POl BHE & A BR 2 7] Beijing Baiqingyuan Animal Husbandry Technology Development Co. , Ltd.
Bk & Challenger DU 1| 75 3 B A HAORHBE A BRZA 7] Sichuan Zhihe Chengrui Agriculture and Animal Husbandry Technology Co. , Ltd.
E M 25 Dingyan No. 2 H W R EL R A FR 2> 7] Gansu Best Seed Industry Co. , Ltd.

em, FEH 3~5 em, B 3N ER . JRAE A HLUIE (AP =45% ,N+P,0,+K,0=5%)700 kg-hm 2, A T Hi)iti 1
A7 I ML 0Bl BRI (R — %% 300 kg+-hm ) FlFEFP &5t . A FWEM O, JFT6H6H . 7H 6 HEG#E
KB R K 75 kg-hm %;6 A 10 Hh#F,7 H 8 H A T %
1.4 A0 E R F *
1.4.1 REMRE =20 E T 20244E7 7 22 H E 8 3 5 H X b T 2L 28U i & S Fh eIk o i B s B
BIE /NP 2 BRI AT S P 45 0.5 mo 7E 45 Ak BN X PN Bl ML B 34— S0 A4 386 22 R bR 10 A L I 2 2K K
B HERETERE MR R SRR . BEAN  FE S /N X B R A T (50 em X 50 em) , B 2E = BE 3~5 em, X1 JiF FR ECAEE
005k R i (cohmo ) KON ED B RS 0] 528 5 L ZE A B, A I R 25 T AR B AR S e LA
(DHG-9005, | i —1fH B2 AL 884 BR A 5] ) 105 ‘CA 75 30 min, Z 5 5 % 65 CHL T E/H H , FR I i T 5 &
(hay yield ,HY ) F1 i 2& Lt (leaf-stem ratio,L/S) .
1.4.2  FWEDRHRIERUR BERRE 0BT B R RS SR 3 AN /N DX SN B AR R R R, AR (K
wAT0%) )5, VIR E 2~3 cm, TR IR A, FREL 500 g 2% A 30 cm X 40 cm 3 4 M B 55 4% (30 em X 40 em XX AT F % 21
#3222 45 TSR A PR F) R B 28 HL(LMB90S , 15 1 A1 A7 FR /A 1 ) 4% 5 B T3k JE PR 85 I 98K 80 d J
HURE

TS W 4% bR A 348 JF 78 20 TR A0 B 20 g TR T, in A 80 mL ZE (/K IR I FE i, (R fif i 4
FLE T 4 COKFE R 42 24 hg By DB 4Rt 8 )5 15 2R 923 . T 40 pH L& & A (ammonia nitrogen, AN) FI4 #lL
2 >R pH T (pH 211, 2R A0 G4 28 w] ) I 5 FF 52 42 W pH ;2R FH R B — WA R 4N L kil S A A it
K SO 233 [ Agilent HPLC 1260, 3% 4 : Carbomix® HNP5:8% (5 um, 7.8 mm X300 mm) , i sl A : 2. 5
mmol-L ' H.SO., H: & : 55 °C, ## : 0. 5 mL-min ﬁﬁg-lo pl, 7R 25 K g 1 e A A b 2L R (lactic acid,
LA) . Z & (acetic acid, AA) FIl T R (butyric acid, BA) i 7 &,
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1.4.3  E S5 E K LG 2 &L 2 HLEE 11 (crude protein, CP) 7 & (Kjeltec 8400, J} 3 FOSS 47 [
O8] 5 oK F AR 4E 50 B A% ( Ankom 220, 36 [ ANKOM Technology 2% ) ) il % H % 1k ¥ £F 4 (neutral detergent fiber,
NDF ) FR M Uk % 2T 4 (acid detergent fiber, ADF ) £ "5 2R FH BB -5 2 Hb 20300 52 7K 9 PR il K A6 A 9 (water-
soluble carbohydrates, WSC) & & .
A X 1] B AR i (relative feed value, RFV )88,
RFV =DMI X DDM/1. 29

DMI= 120/NDF
DDM =88.9 — 0. 779ADF

= DMI R T ¥ i % £ & (dry matter intake, % BW , body weight) ; NDF Jy 4a] B rf 4 P& 15 27 4 & & (% DM, dry
matter) ; DDM & 7] 4k 14 i (digestible dry matter, % DM) ; ADF Jyfa) 5 R M e 5 47 4 &5 i (% DM) .

T 504y 9% 5 KL (forage grading index, FGI) A A R,

FGI= NE, X VDMI X CP/NDF
VDMI=1.2/NDF X BW
NE, =[1.085—(0.0124 X ADF)] X 9. 29

AP NE, by b 5572 F4 E (forage net energy for lactation, MJ-kg ') ; VDMI & - # Jii i 7 2% & & (voluntary dry
matter intake,kg+d ') ; CP 4 F AL (1 & & (% DM) s BW N 954K & (body weight, A 600 kg sk "i1) .
1.5 %40FH 7k

PEH 18 N APy HY /S . DM \NDF \ADF \WSC.CP . RFV .GI.pH.LA .BA  AN/E & EHMETE R, R
FH 3RS0 A vk 0 (8, G G B 3 R RE T IRAL ) TOPSIS ¥k AT 285 P4, % F 184S S Fh gk 41 HE4 .
1.5.1 FEWHobrik T 3 A3 A5 43 B, 5 F8 BR 09 48 I ) S5t 08 R AH VL R 28 A B DA G 32 B3 R AE 1 7 O
Mo EEs AR F=0.043X,40. 030X,+0. 325X,+0. 407X,+0. 413X,+0. 327X,+0. 230X,+0. 412X+
0.393X,+0.175X,,+0. 047X,,+0. 046X,,+0. 190X, 2 f : X ~ X, MK K E 7/~ HY .L/S . DM . NDF . ADF . WSC,
CP.RFV.GI.pH.LA .BA AN Fr#EALIE

R o TR R AR L LR N T MBS E U R Bt AR
1.5.2 LTI A ) 28 3 2 AR 7 HE Y SR B BGE T E SR AR AR K 5 4548 b b o AL (B R 3 A R R
A I o 32 B T B R R AR I AR | dee /M TEAE TOBAR AR o R R B ST E B E | B AR R B R AE X s
JEE R XS O 3 R g £ 3R 23 A A

““bb
Dy o 2% il A E BB RS 5 D, D il i 60 PR B S 50, S DR SRR [ PP S G A ARG SR SR AR B AEL s o) O IE BRAR
fift 50, g B HRABUR 5 C, 0 45 i Bl 160 AR X 0 3
1.5.3 JKEOSCHEY ARG ERIKBEE TR S fh A7 DU A [ 4l B GRS (295 P o 4548 4 19 e 1
FAOE(EAL 2 2 2 S A (Xo) o X 2% 36 bR HEAT JC 1 40 AU Ak 3 AT BR o A 22 57 o TH 3045 b 55 25 R A K €8 0G
BeZBe(k), RIBXWT

(k)= min, min,| Xo(£) — X.(£)|+ p max, max,| Xo(£) — X,(%)|

| ’XO(k)*Xf(k)‘Jf,omax, man‘X()(k)—Xi(k”
K| Xo(8) — X&) |2 7R Xo(2) B8 5 X,( k) 09 1E k5 89 24 60 822 5 min, ming| Xo(£) — X.(&) |[F7R 55 = e/
A, max,max] Xo(k) — X,(k) | % 55— B2 (5 0 2 W B R B, — BB 0. 50 45 R A 5 52 HURCT 2
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B, 2R AR X5 R X, Z 00 FROC R 5, R AT
1
rfzizgr(k)

n =
1.6 3% 547

K Excel(2019) XF 548 47 WAL B . SR FH SPSS #44(27. 0. 1) X 8822 e 20tk V38 95 240 43 & T 5 o 5 4
b AT B 2R 7 22 43 BT (One-way ANOVA) , #5 f7 75 b 3 22 5% (P<<0. 05) , Wl #F — 20 5k ] Duncan 5 i 17 £ & L
B IR DL P Y H + B vfE 22 (mean = standard deviation, n=3)"J&75 . & JH Origin 2024 £ il A X 47 B A {6
IR B 43 2R 8 BUORIR
2 BER54H
2.1 REMERE &%

S R A R B I T bk R TR B 22 R (P<C0.05,3%2), Hrh, mie 16 i K ERK,
433,30 em, #R Th R 2, 4 30. 85 em. i HE 16 B (2. 92 cm) B T EME 2 5 (2. 65 cm) PE Kk (2. 64 cm) AR
5(2.62 cm), 32 58 T H R M (P<<0.05) , Je i KR f &, o4 135, 16 em, 75 1 G & BRI, AU 83. 73 emo
e 16 A 258 M, o0 5. 35 mm, HOR Ry mHe 17 Fk ik & -

S e ff R TR0 R 22 5 i 3 (P<C0. 05) , Fo bRt e 75 ff 7 i R L 38 39. 79 t-hm 2, T M 2
5(33.78 t-hm *) M #E 55 (33. 21 t+hm *) . Hf#E 75 T H ™ 5 (13. 40 t-hm ) Fe i, HR O FEFE(11. 39 t-hm 2) .
T T e A (e R S P B R R YRR, 0 B 16,91 8. 25 t-hm %, S iRMEL M 2L A 0. 62~1. 32, 14k 1
SR 4 S 2R LR, B T HAZ R (P<<0.05), ZEM 22 H0.86, 5 T FH/KF0.81(F£2),
2.2 #WEHERELERBA

AN TR] i Pl JHE 27 55 IR R R A Ay 25 R W3 (P<<0.05, % 3) , A 1 DM & &8 29. 45%~39. 67 % , A B
DM & e, 0 39.67% 0 4% i Fl WSC Y F- 35 & 5k 17. 87 %, Hoh Bt e 24+ i WSC & & e i L 35 23. 08 %4, il
B WSC &2/ fl, M12.77% . R CP&mi s, 12, 17% /g (9. 21 %) A4 15 (8. 93% ) CP & & i
TFHIME (8. 8450 ) . M 25 NDF & i 55 I (46. 34 %) A4k 145 (48.45%0 ) FCHI 1 (48. 95 %0 ) Fl %8 5. (49. 20%4)
WZ o Beili K7 (35.03% ) 1 ADF & it fie iy , = M6 17 8 M 255 R0 15 (B8 48 5 i ADF & 848, 4390
24.07% .24.75% .25.10% .26. 15% F126. 36 % o
2.3 AEERLETRAS) A ERR

AE AP E 80 d J DM & it 28. 12%0~38.96 %0 (£ 4) . WSC & it K T B, i WSC & & 1 3% i T
B 15 (P<<0.05), P& B3 T HAZ A (P<<0.05). NDFE #l ADF & & ¥ K 7 #2537 @&, #i8 NDF & &
AR (49.79% ), B AR T oA i A ORI 5 28 v . T ADF & & eI, 28 29. 1100, UG ik 1
HIGHHEE EM2 S A,

AN [] M 22 5 A 7 0 AR pH U LA VAA VFL 2 HE BA VAN A7 FE 8 25 25 55 (P<T0. 05, % 5) o S i K 4% | BcH]
TR HE 16 2 e 2 5 R B e 35 A pH A i , 20 R 4. 59 4. 29 4. 27 (4. 25 A4 23, AR (R T 4. 20 Z& S0 AN
FEHE 2+ 00 LA & A i, W 3 TPk 0 3 R M8 25 55 Ve 22 R HE 75 7 AA B 43 0 0 e (2. 13%0) Rl AIG
(0.59%) . Sk S AR ZL L R 2. 87~14. 30, F g Al HE 2 7L & L e fIK, o 2. 87, Jii K45 (1. 56 %) Ffl
15 (1.07%) M BA S RE R, KRS BT 1%, MM 170 AN &M (7.46%) 18 51 AN # & %
1%, R 4,17 % 8 5 Hi e R 6 3450 1 35 22 =% (P=>0. 05)

2.4 A RAAE e 49 3 5 R A5

18 A~ A2 it Pl 75 Il ) o i O 2 15 R 8 i MK R AN (I HE 4% A0 = (BT 1) o 3 A R AR 4 AR B0

S R HE 2 BT = 00 AT EE R SRR 145 B 45 04 1 R R DT S RO B A1

i
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R3I ARAHEEMBETAMEFRAS LR
Table 3 Comparison of nutritional values of different oat varieties before ensiling
st A TR K ER K AL A ) HEA SRR RES AR PR % T 47 4
Varieties DM (%FW) WSC (%DM) CP (%DM) NDF (%DM) ADF (% DM)
P4 145 Youmu No. 1 34.73+2. 14def 14.9740. 62ghi 8.93+0. 15bcdef 48.45+2.70de 25.10+2.99¢gh
Yo K 4F Indimite 29.45+0. 70h 14.14=+0. 72hi 8.74=40. 68cdef 58.94=+1.60a 35.03+1.41a
Z& 78 Taike 34.99+0. 49cdef 17.61£1.99defg 12.17£0.40a 49.20=£1. 89cde 26.36+1. 37fgh
B #E 5% Longyan No. 5 35.83+1.99bcde 20. 29+ 3. 18bed 6.8541. 30hi 55. 50+ 1. 70abc 33.1540. 26abc
5 5 Hanma 37.5040. 60ab 16. 83+ 2. 43efgh 9.8340. 78bc 55.1940. 09abed 29.6040. 37cdef
i #% Qianfeng 39.67+0.47a 12.7740. 271 9.21+0. 13bcdef 50. 63+ 3. 26cde 26.15+0. 78fgh
Gt 2+ Tianyan 2+ 32.0540. 54¢g 23.08+1.97a 7.4040. 19gh 54,28+ 2. 24abed 31.7042. 00abc
i #E 17 Gaoyan 17 33.15+1. 04fg 21.58+1.41ab 8.39+0. 25efg 49.27+7. 38cde 24.07+2. 09
Bfg 7 4 % Longyan No. 4 31.81+1.01g 19. 12+ 1. 31bcdef 6.1540. 701 54.87+4. 22abced 33.06=43. 39abc
[ 78 7 %7 Baiyan No. 7 35.58+0. 34bcde 18. 77+ 1. 70cdef 8.5440. 23defg 50. 09+£5. 40cde 27.68+2. 86defgh
[f e 35 Longyan No. 3 36.23+0. 34bed 14. 084 1. 29hi 8.52+0. 75defg 58.15+0. 33ab 34.4040. 29ab
WA Gloria 37.78+1. 14ab 16.4540. 03fgh 8.30+1.52fg 48. 954 1. 58cde 28.010. 65defg
TG HEIHER Qinghai sweet oat 37.06=£1. 52bc 21.37+2. 20abc 8.78=£0. 53bedef 51.38+2. 87cde 27.36+2. 16efgh
7% 16 Gaoyan 16 34.63+1. 46def 15.11+0. 72ghi 9.31+0. 36bcdef 52.22+4.57bcde 30.36+3. 00cde
#5114 Qingyin No. 1 35.73+£1.43bcde 19.61£0. 20bede 8.57%0. 39cdefg 50.13+4. 09cde 27.94+1.91defg
#if 34 75 Tianyan 75 33.85+0. 22¢fg 20. 36+0. 54abed 10. 0340. 44ab 54.70+3. 41abced 31.2042. 33bed
$k i # Challenger 37.56+2.40ab 17.8840. O6def 9.76+0. 72bcd 51.12+3. 56cde 27.79%1. 19defg
7E #% 245 Dingyan No. 2 37.64=£0.39ab 17.6040. 74defg 9.60=£0. 48bcde 46.34+2. 30e 24.75+1.45gh

DM: %% Dry matter; FW . fif # Fresh weight; WSC: /K% ¥ 5% /K 1£ & ¥ Water-soluble carbohydrates; CP: HLZ [ Crude protein; NDF: 1 k¥t
Y4 4 Neutral detergent fiber; ADF : [ Ve 2T 4 Acid detergent fiber; T[] The same below.
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Table 4 Comparison of nutritional components in silage of different oat varieties

i T KIEHAK S HhE B R T 4 i ek 90 U4k 2T
Variety DM (%FW) WSC (%DM) NDF (%DM) ADF (%DM)
4 15 Youmu No. 1 32.42+0. 63defg 3.23-+0.32b 53.87+2.19 30.99+1. 51hi
Yt K 4F Indimite 28.1240.73i 1.1040. 11gh 66.37+2.41a 39.51+1. 24ab
% 3 Taike 30. 574 1. 19gh 1.8240. 28¢ 56. 1143. 77de 33.1942. 20efgh
Wz 3 55 Longyan No. 5 32,93+ 1. 20cdef 1.5740. 23ef 63.123. 21ab 37. 50 1. 50bed
7 Hanma 31.45+1. 42fg 2.2040. 30d 62. 09 1. 59abc 35. 83 1. 42cdef
A # Qianfeng 38.96%1.01a 3.6640. 43a 49.7941. 371 29.11-40.91i
Tt 3 2+ Tianyan 2+ 28.54+1. 07hi 1.424-0. 16fg 64.13-£0. 87ab 37.78=1. 09abed
538 17 Gaoyan 17 32,00+ 1. 34defg 1.54+0. 26ef 63.9242. 76ab 37.4342. 32bed
B 34 4 5 Longyan No. 4 29.08=0. 69hi 1.0540. 10gh 66.04+2. 39a 40.9742.22a
F1 34 7 % Baiyan No. 7 33.0520. 88cdef 0.84+0.06h 59. 76 1. 33bcd 35.5340. 71cdef
Wz & 3% Longyan No. 3 34.13+1. 52bed 1.3240. 211g 62.92-3. 06ab 37.5542. 55bed
HAFTE Gloria 33.07+1. 73cdef 2.8140. 33¢ 59. 822, 25bed 36. 082 1. 88cde
1l e 42 Qinghal sweet oat 33.99+0. 83bede 1.2740. 18fg 58. 11+ 2. 40cd 32.46+ 1. 48gh
5 16 Gaoyan 16 32.3041. 02defg 1. 370. 04fg 65.703. 27a 38. 254 1. 53abc
#7119 Qingyin No. 1 35. 51 4. 05ab 1.600. 21ef 58. 30 4. 58cd 33. 33 3. 76efgh
fit3# 75 Tianyan 75 31.7440. 9lefg 1.8540. 23¢ 63.02-3. 93ab 35.00= 1. 98delg
Bk & Challenger 33.42+0. 90bedef 2.30+0. 31d 60.18=2. 96bcd 34.00=%1. 51efgh
E#E 2 %5 Dingyan No. 2 35.0340. 51he 2.3740.23d 57.6941. 82cde 32.83+1. 67igh
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Table 5 The fermentation profiles of oat silages among varieties

A Variety pH ARLA (XDM) ZRAA (%DM) FLZELLA/AA  TERBA (%DM) ZHEZEAN(%TN)
#4145 Youmu No. 1 4.02+0.08c  6.7740. 36abc 0.62+0.07d 11.06+1. 13ab 1.0740. 21ab 5.6540. 49bcde
FLiH K 4F Indimite 4.59+0.39%  4.84-+1.88cdef 0.80+40. 55¢d 7.0442. 21bed 1.56+1. 14a 6.59+ 1. 03ab
Z& ¢ Taike 4.18+0. 10bc  7.8940. 98a 1.45+0. 30abed 5.5340. 66bed 0.03+0.01c 6.5240. 79ab
[} 3 55 Longyan No. 5 4.14+0.02bc  5.23740. 32bcdef 0.6340.09d 8.3940. 98bed 0.05+0.05¢ 5.69=£0. 95bed
% 5 Hanma 4.18+0.13bc 4. 11+2. 83ef 1.94-+1.27ab 4.08+4. 0dced 0.06=+0. 05¢ 4.17+0. 26g
T # Qianfeng 4.0940.08bc  5.2840.44bedef  0.68=£0. 25¢d 9.234£5. 32abc 0.6140. 46bc 4.204+0.11g
G 7 2+ Tianyan 2+ 4.01+0.04c  7.8240.97a 1.71+0. 78abc 5.24+42. 14bed 0.2440. 39¢ 6.0740. 86bc
5 #E 17 Gaoyan 17 4.08+0. 10bc  5.68=+1.90bcde 1.61=0. 91abed 5.2644. 14bed 0.12+0.13c 7.4641. 16a
[} # 4“5 Longyan No. 4 4.18+0. 11bc  6.00£1. 10abede  0.9240. 18bed 6.6141.29bed 0.55+0. 57bc 6.2940. 30bc
471 7 5 Baiyan No. 7 4.14+0.05bc  4.87=+0. 49cdef 1.10=0. 22bced 4.57+1. 10cd 0.10=£0. 11c 4.25+0. 54fg
[f € 35 Longyan No. 3 4.23+0.09bc  6.0441.04abecde  0.7540. 24cd 8. 594 3. 02bed 0.06+0.07c 4.20+0.72g
WH I Gloria 4.29+0.07b  5.3040. 69bcdef 1.00=0. 19bed 5.5041. 50bed 0. 54-+0. 60bc 6.0440. 89hc
H I Qinghai sweet oat  4.14-+0.21be 3. 35+1.47f 2.13+1. 33a 2.87+3.29d 0.30=0. 55¢ 5.23+0. 78cdefg
5 #E 16 Gaoyan 16 4.2740.08b  4.554 1. 56def 1.4740. 91abed 4.45+3.70cd 0.1840. 17¢ 5.3140. 53cdef
#3515 Qingyin No. 1 4.14+0.07bc 5. 3840. 55bedefl 0.7440. 28cd 7.7741.88bed 0.15%+0. 24c 4.61+0. 33defg
fit 34 75 Tianyan 75 4.18+0.06bc  7.184 1. 56ab 0.59+0.27d 14.30+6.55a 0.28+0. 28¢ 4.58+0. 63efg
Pkl # Challenger 4.1740.04bc  6.6140. 55abed 1.13+0. 44abced 6.3641. 92bed 0.04=£0.00c 4.77%0. 29defg
7234 25 Dingyan No. 2 4.25+0.03b  6.4440. 66abced 0.88=0. 65¢d 11.10+£8. 21ab 0.16=+0. 30c 5.5140. 24bede

DM : F# & Dry matter; LA : ¥LFR Lactic acid; AA: Z g Acetic acid; LA/AA : LR/ Z. 2 Lactic acid/acetic acid; BA: T 2 Butyric acid; AN: & &
A Ammoniacal nitrogen; TN: E % Total nitrogen.
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Fig. 1

Comparison of relative feed value and forage grading index of different oat varieties after ensiling
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2.5 ‘ESBALZESITFN FR6o MEERHNERSHMERRAERTEHE
2.5.1 T BRI é/%éﬂszl\ ’f&fﬂ; LAF Table 6 Principal component eigenvalues and variance

contribution rates (VCR) of oat indicators

E=>THE, JE4R IR 44 F8) , Rt )5 22 TTmk A5k

52,7926, W BIBHMOBIIAELREO: i e mes VR o VR (1
B — TR O Jr 22 BURK A Ny 42. 75506, EZ T ) 1 5.558 42.755 42.755
St PR TR AT A R R R TR AT U I PR AR K AL 2 1.926 14.815 57.570
0 AR G AR A 5 SR O % R A , e s ess I
I WSS 1 5 F R 5 0 P05 55— R A \ N, 6 709

ZETTHR R R 14.815% , FEAL & TR ™ & M2
FUHLER (3, R0 IR 5 8 0 K 5 5 = F2 L
Iy TR A 13,963 %, B tE AR T BR & &
R, BT MR I R R AR RO T A A
Jr Z TR R 11.259% , DL pH FTFL R A 32 22 2K fiof
P, Al BT I R R ME (R 7))

xR7T BETFEIHSHOMHRESEREFRE
Table 7 Factor loadings of various indicators of oats based on

principal component analysis

WA 4 b

2 A 43 Principal component

Evaluation indicator

PC1 PC2 PC3 PC4

RS i A AT b A I VE A o S AR — T 87 it Hay yield 0.102 0. 764 0.357 0.026
PR 5 M 1S HEME 25 (R 8) . HA MM I 2% I Leaf-stem ratio 0.071  —0.649 0.425  —0.023
SEACTF 0.8, B e 45 &S5 AL, N T4 /% Dry matter 0.767 0.033 —0.436 —0.285
—2.15407, HPE VR A 4E NDF 0.960  —0.175 0.083  —0.051
2.5.2 FETFHA TOPSIS ¥ 1Y £ 4 ¥FE 975 F WPV U 2T 4k ADF 0.974  —0.039 0.014  —0.027
TOPSIS P43 45 5 7w, A4 15 19 AH X W 3 B2 f KEHEBALAH WSC  0.771  —0.181 0.277  —0.073
15, R0, 72322, FPRAR R Ry T IE (0. 56195) Hif 8 KL% F1 Crude protein 0.541 0.635 0.278 0.175
(0.54498) A1 Z& 55 (0. 50101) o B 3l A 45 A1 X6 Y 3T X 44 £ RFV 0.971  —0.145  0.079  —0.068
PERAIG AU 0. 15262(3R 8) . ] B4y G4 8 HL F G 0.927 0.141 0.189 0. 060
2.5.3 T RKEACHKE LWL A 45 45 FA B pH 0.412  —0.505 —0.418 0.569
FOORHR BEXF il f M AT HE 48 L 45 R W R e i) FLA Lactic acid 0.112 0.052 0.397 0.813
KRB e, a8 0.99227 BRI H IR 2, LK E T Butyric acid 0.109 0.269  —0.712 0.529
0.99077; 1 S BB H 5 , o~ 0. 98712, Z il i i HAEAAN 0.448 0.286 —0.524 —0.263

Y JH K R DGR B R I, S 0. 93270(3K 8)

Zi b, BT A A T LK 8 G IR B T R AL
TOPSIS ¥ 3R ITAL J7 B X 184 He 42 5 Fh #EAT 255
T 25 AR Ao L L SRR =L SRR
TIBALT .

3 itig

NDF: Neutral detergent fiber; ADF: Acid detergent fiber; WSC: Water-
soluble carbohydrates; REV: Relative feed value; FGI: Forage grading

index; AN: Ammoniacal nitrogen.

3.1 ARFEERAGETHERERDBR

7 VT T R N RO A P R Y AR AR R AR R VRN Y B R . WFAE R, MR K
FERNGERE AR ZEHL MR SR SRS T R R KRR AR AR IE A OGO R AR ST T I A 1
i e 5 R A, R R A ZEAT RN M RN PR AR S . Wi 75 RN 2R 5 LA A 1Y
TR R 28 s T R i T SO AR S 2 R A A S (IR 4. 00 t-hm ?) . X AT RESE BT H 0 JE T
o S 2 T AU AR B IR R A 3300 h, BRI 22 K, F RO A M TSR, B ) WA F 55, A R T AR
AR B R T TR 2K bR A RE S L T AR A, AT SRR O BORIE FE L i L
5] 00 v o B RN PR, SR 2R R 0. 62~1. 32, 5 R T TE T R E G XY b L i M 5 | RS



5 35 B 8 Wi Ol 2E 3] 2026 4F 93

x8 ETIMTEMAENEEHSE

Table 8 Comprehensive ranking based on three evaluation methods

st A RS HT PCA JRAE KB E GRA TOPSIS S35 Average

Varieties cs R GRG R RFD R 14> Score R
4% Qianfeng 2.50269 1 0.96211 14 0.54498 3 1. 33659 1
# 38 Taike 2.02336 2 0.99227 1 0.50101 4 1.17221 2
fE# 15 Youmu No. 1 1.38214 3 0. 94956 17 0.72322 1 1.01831 3
%E 3 25 Dingyan No. 2 1.12181 4 0.97959 8 0. 38780 8 0.82973 4
Tift# 75 Tianyan 75 0.77354 5 0.97221 11 0.36398 10 0.70325 5
Pk Challenger 0. 72856 6 0.99077 2 0.38676 9 0.70203 7
#5115 Qingyin No. 1 0.68614 7 0. 98086 7 0.43971 6 0. 70224 6
A Gloria 0.02381 8 0.95923 15 0.56195 2 0. 51500 8
5 Hanma —0.07294 9 0.98712 3 0. 34453 11 0.41957 9
M E A Qinghai sweet oat —0. 14810 10 0.96868 13 0.43092 7 0.41717 10
[1## 7 5 Baiyan No. 7 —0.39070 11 0.98195 6 0.31968 12 0. 30365 11
B 3% 35 Longyan No. 3 —0. 54000 12 0. 98532 4 0. 26849 13 0. 23794 12
w38 17 Gaoyan 17 —0.93558 13 0.97741 9 0. 20602 17 0.08261 13
#5316 Gaoyan 16 —0.98018 14 0.97431 10 0.21447 16 0. 06953 14
B 34 55 Longyan No. 5 —1.19144 15 0.98429 5 0. 22832 14 0. 00706 15
Tt 2+ Tianyan 2+ —1.20344 16 0. 96989 12 0. 22494 15 —0.00287 16
B K Indimite —1.62560 17 0.93270 18 0. 15262 18 —0.18009 17
[ & 4 5 Longyan No. 4 —2.15407 18 0.95447 16 0.46878 5 —0.24361 18

PCA: Principal component analysis; GRA: Grey relational analysis; TOPSIS: %t T 4 A 9 i& i ¥ 48 f#% HE /¥ 7 Entropy weight-technique for order
preference by similarity to ideal solution; CS: £i45 154> Comprehensive score; R: 4 Rank; GRG: B Grey relational grade; RED: A Xt I it &

Relative fit degree.

FAARLCO. 24~1.49) . HLH 15 FIP e 4 5 At 22 LB, B35 T HAR I W Al (P<<0.05) o ABFSE | fif 5
75 5 Z i T R G IR, BT R BT S bk R R R RIS o X 5 AR TR AR P 5 AR L
IR T I JR 1) HE A2 5| Al o7 P P 45 SR — B, I o 3 W R R S T i R RO A DG OG R i Ah BN e AR
TE TR R A b DX G 30 A4 8 22 i P 140 335 17 M P 2 300, 4 VD0 L v 9 % o v i 5 T gl A7 7 1 G AR MRIR

CP.WSC NDF Fl ADF 5 2 J& P (i 450 50 75 32 A0 (B 00 B B2 46 A . W SC %l B0 35 P 2 1 ok 2 o 7L i il 1R 1)
FERY, H A K 2.50%~3.50% , BI AT S FLAER K W 4R A SR R R o AR 56 b 45 SRR B9 WSC B I R
12.77% YAl iR e 2 RAF A . SR MEE CP &N 6. 15%~12.17% , & T JA 5 Jp " 76 P 5% b X Ff R 1) 38 22
d B (CP #5 d 6.55%0~9.19%) , Ik T 5 50 50 5 /6 B i VI 75 #6410 38 4 X R A A 48 &2 5 R (15,49 %6~
22.85% ), iX AT A5 H wE I B4 S L A HEPE BRI K S 4500 A G . NDF Rl ADF J2 i W 4] 5 Ak 4 1 1) 3 22 4
b, ADF 55 sl W Ak %0 52 G0 OGO &, L8 d IG5 3 Ak SR AR AN (BB 0. ARG TR, 48 58 CP 3 B iR
i, 1 NDF #l ANF & 2 58K, M E R
3.2 HEEAH 0 E IR A R B A

T ARDRE pH R S B H R T i A 45 1 AR AR 2 — , R T T R A R AR IV ARDRL pHL R AR HE AE 4. 20 LA
T AR ST B K Bl A 3 R L e 16 a2 e 2 5 A0, H A R A RL pH IR T 4. 20, 35 R
RAFME R RS T . 7L i TR I R BEA 2R R AA R 5 R R BES AR W 2 — | TR & & I K 3
T A R AT R AR I ARDRL L 2 e R 3017 AR g h N ARDRL L 2 b Ry 2. 87~14. 30, K W H DL [R] AU EL
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W2 Ry 5o T R RN A AR B R M TR R I B 1 A A A 45 2R L BRI RDRL O R A (B e R 1
iK™ Kaiser 2548 H % e & 50 R 47 04 7 I e 025 0/ R NI T 10, 00 %0, AR AFF 52 4% i B 7 I RE AN 35 R
AT 10. 0096 , & B 4% ME 22 it B 7 I3k B vh 2R P DR AR 00T o 45 o o 37 ARk 2804 A0 AR 1 T TR 5 o, R B am OR R
TS oh A R TRR & KT 190, ¥ R B AR IR B BR ™. R4k 15 (A8 Al ae 2+ 69 pH (BA 1
AN, FUIR 7 i B0, R R 1 ¢ I8 ot o

H 80 d 5, & M i A WSC T FE, 1M NDF JADF B§ A7 Fh & o 75 W2 e B b, ZLIR 1 55 L WSC 2R Jik ) il
PRI AE 1 NDF Fl ADF 85 R 5) 8 4 0 B it , DR 15 AR G AR, DN T 22 B0 AR 6 T e B 94, 3X 5 Sofia %87 1Y AfF 58
45—, REV &3 T NDF fl ADF PPAG ] 5 25 5 M dg b, T FGLBI A THLE A & &, REV M FGLEE B &
R 2% ) ) A (B v, T A REORG B H DT E E R TT  RUAR DR 1S AR S REV ORI GLI LR AT =,
T B PG T A 2 5 b

F LA A TR K 8 JC I B TOPSIS ¥ SR B oA 80 K BOE S22 B 17N ik T 2 1 TR B Fh R
b A 7R PR AR P AR AR AR AR SR ARBIEGE S AT T 18 AN e R R A 2R B P MR R
ity RN & R I L 0F — 2B BEH 13 AN DG ERHE A, 38 2o 3 B4 o BT i KOG BE VA 5 TOPSIS 3 3R TN 5 ik 4R
[Fi) JHE 22 o RhHE AT 25 A P M o AKBIRSE R A AR vk 5 TOPSIS 3 145 i R HE I B e v 09— B0ME | T K €8 56 16
FEVE PR AR AR 2, HHE P 45 R SR E A — 2 22 5 o S B A MRAR A A I i T, i 28 o LR 15
an R PR 4 T H RS A . o 28 e A8 K 6 OCHR BE YA T HE 5 1, 7E 5 4 BTk R TOPSIS 1
HHEZ S 4, LEATTE AU B850 MR 1S HOA R A e R AR O R IR TR S I R R L X 3
AN i R IE ELAE O U XA AR R

4 it

PRI O B IR A IR R 2 07k 2R A PO R (28 v R 1S A A PR RE (R IR
VR CEFRME R CP R NDF/ADF) 35 I A (IR pH L & B2 80 K23 G 4848 (REV M FGI R 2 05 k4
A HERT) 77 T SR B A, 1 AR H O R XA
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