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Comparison of crop yield and forage quality of six oat varieties in Angren County,
Shigatse
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Workstation, Shigatse 857000, China; 3. Heilongjiang Grassland Station, Harbin 150086, China

Abstract: In this research six oat (Awvena sativa) varieties (Baiyan No. 2, Qinghai 444, Qingyin No. 1; Qingyin
No. 2, Jiayan No. 2, and sweet oat) were studied and 25 indexes of their agronomic traits, crop yields and
nutritional quality were collectively evaluated by principal component analysis, in order to select suitable oat varieties
with high crop yield and forage quality for farmer use in Angren County, Shigatse. It was found that among the six
varieties evaluated, Qinghai 444 reached the wax-ripening grain development stage at harvest, while all other
varieties were in the milk-ripening stage. Sweet oat and Qingyin No. 1 both exceeded 147 cm in height and were
significantly taller (P<C0.05) than the other four varieties. The stem diameter of sweet oat (6.39 mm) , did not
differ significantly (P>>0.05) from Qinghai 444, Jiayan No. 2 and Qingyin No. 1, but was significantly (P<C0. 05)
larger than Baiyan No. 2 and Qingyin No. 2. There was no significant difference in fresh weight or dry weight among
the six varieties (P=>0.05). Sweet oat had the highest hay yield (18.42 t-ha™ '), and Qingyin No. 2 had the lowest
hay yield (13.62 t-ha '). The crude protein content of the six oat varieties ranged from 5. 66% to 11.59% , and the
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crude fat content ranged from 2. 94% to 3.50%. Qingyin No. 2 had the highest relative forage quality, with values
of 174.76, respectively. In principal component analysis, the first four components accounted for 91. 78% of the
data variation. In the multivariate evaluation, sweet oats had the highest overall score of 2. 37, and is therefore
recommended as the most suitable oat variety of those tested for both crop yield and forage quality in Angren County.

Key words: oat; Angren County; production performance; forage quality
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GE 0 R B AT RS2 A M BB R 8 U R 2 T O E T U 444 51 1S Sl e e 75 T A Sy H W D b
D] B A 0 A R R S 1S 2SS HEI 1S F Tl 25 A2 I 444 NI ESh RS B
N Tl oA 11 6 o o5 T e 850 R FH B 8 S B B AN 7 dR S5 VA Hh DL 2 83k L 7 S R T E
T B L iy XA O A R A A R RL I DL 2 A YR ORI S 22 O TR B M XA T HE SRR A ST R 1
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R0 A7 T PG g e U T BT B RK RS S AT BT AEAE Y A B2 (Secale cereale) . MiERARBR A 87°20. 53" E,
28°22. 37" N,k 4160 mo W REIT T E, B H 201945 =0 CHIA BFERIR N 2211.1d-°C,4—9 A A
SRR R 4.8.9.6,14.8.12.5.12.2.10.4°C,6—9 H FE/K 84514 0.1,181.5.189.0.79. 3 mm. {5 b
M PEAT IR AR, KR FIEREE R, B L EIEEA 10 em, & H 2 LT UM M R AT A0 R R
J:pH 8. 05 A MUK 16. 10 g+kg ' 2 A 0. 93 g-kg " IKfEVER 63 mg-kg ' AW 5. 4 mg-kg | HAH 53 mg kg ',
1.2 XM

ZA Y 6 A MEZZ S R A S A A 25 F I 444 F 5 25 F R 1S N 25 (EIE R . R A
WA 7 IR R R R A BR A A .
1.3 X%t

T 201945 H 23 H 87 Fl, #E67 BIAFHE K, N DI A46 . RID IR BN IX H B3, B4 /N 3 m X5
m, B A 3R E R, 18 A /NX NIRRT 1 mo #EFP i 195 kg-hm *, 4785 17 cm, #7 3~4 cm, #5 5 1
o JEAE A FUAE (A ML =45% ,N+P,0,+K,0=5% ) 660 kg-hm * A\ T 34251 Ui J5 WL BI#HF . FpAE . — 4% 375
kgehm *, N 28000, F D) A8 B« i O B 4 2 388 SR UK, O 7 43 BE S RN 4K W5 I B /K 3B it JR 38 4% 75 kg+hm °. T 9
H 24 HME
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Table 1 Plant agronomic traits of different oat varieties in August
il A LR Tk = I3 BEEL R AR B FRK
Variety Phenophase Plant height (cm) Tiler number Number of roots ~ Main root length (cm)
51 275 Qingyin No. 2 HhFE ] Heading stage 55.83=13. 51ab 3.33%0.58a 22.67+11.59a 10.1044. 42ab
H g 444 Qinghai 444 i1 Heading stage 51.83422.67b 4.67+3.51a 26.67+13.05a 7.13-+0. 83ab
F4 34 2 5 Baiyan No. 2 Y Heading stage 51.03416. 38b 4.00+1.00a 26.00+15. 59a 6.63+2.45b
% Sweet oat A Heading stage 85.07+10. 55a 6.00+2. 00a 31.67+8.02a 10. 63+ 2. 31ab
JinitE 2 % Jiayan No. 2 HhFE Y] Heading stage 83.33+14.68a 5.00+2. 65a 33.33418.23a 8.83+1.61ab
# 5l 15 Qingyin No. 1 A Heading stage 65. 00+ 20. 48ab 4.67+1.53a 25.00+2.65a 11.07+1.68a
s A LN ] Tift 1 LR % LIEN it g
Variety Phenophase Seeds buried depth (c¢m) Number of leaves  Leaf length (cm) Leaf width (cm)
#5245 Qingyin No. 2 Hi1 i Heading stage 1.5020. 50ab 19.0047. 21a 23.43+2.69a 1.30+0. 21a
HfF 444 Qinghai 444 fi A Heading stage 1.37+1.23ab 17.33410.02a 24.14+6.11a 1.24+0.06a
[ 34 2 5 Baiyan No. 2 A Heading stage 2.10+0. 85ab 17.33+6.11a 23.5344.75a 1.3840. 37a
it e & Sweet oat fiAE I Heading stage 2.83+1.59% 23.00+7. 94a 31.584+8.07a 1.4540.07a
Jing¥e 245 Jiayan No. 2 A Heading stage 1.93+0. 31ab 20. 33+ 10. 69a 30.56+7.11a 1.84+0. 44a
#5115 Qingyin No. 1 Y Heading stage 1.1740. 29b 18.00+5. 57a 25.5440.70a 1.5440.72a

T RS R/NG P08 22 53 835 (P<<0. 05) , T A,

Note: Different lowercase letters within the same column indicate significant differences at the 0. 05 level, the same below.
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25 (P<<0.05), 5 H A MRl 22 A8 3% (P>0. 05) s it M £ A F IR W3 m T 51 15 (P<<0.05) , 5 H A M Fh 22
SR (P>0.05) ;6 e 5 B A AR R 80 v 0 K v 8 i 22 5 (P=>0..05) .
2.2 mAMRZHEREIA

FE9H 24 H I EE , B 75 ¥ 444 20 F W5 B A0 A S o 2L (3R 2) o Horp JHEHEE ks 149. 00 em, 5
Hol 15 LR EZER(P>0.05) HEE®H THAMSM(P<0.05);E551 15 Hilg4dd AM2SHhE LR EER
(P=>0.05) (H R & T n# 25 MGG 245 (P<0.05); n#E2 5 thm S AM2 5 LB EER(P>0.05) ,H B F
T 925 (P<<0.05), Hif#ied 2500 6. 39 mm, 57 444 N 25 551 15 LW & % % (P>0.05) ,{H 1
F T OB 2 S MGG 275 (P<0.05) ; FAME 25 250 5 PRSI HEEE AN LA R 22 5 K 8 35 (P>>0.05) . 64~
R R AR K TE B 25 5 (P>0.05),

R2 ARAHERMIARZHENRKRI

Table 2 Plant agronomic traits of different oat varieties in September

b B Wy 15 300 3= Evitl FRK i e e A TR

Variety Phenophase  Plant height (cm) ~ Stem diameter (mm) Main root length (cm)  Fresh yield (kg-hm ™ ?)  Hay yield (kg-hm ™ *)
91 2% Qingyin No. 2 MS 92.50+4. 65d 5.31£0. 25b 11.80+1.11a 46662. 93+12329.53a  13617.96+3598. 21a
HfF 444 Qinghai 444 DS 141.5043.42b 6.1340.48ab 11.9041.17a 45563.046624. 152 15711. 39+£2284. 19a
[ 34 25 Baiyan No. 2 MS 135. 754 3. 50bc 5.5540.37b 13.05+1.60a 42722.13+20110.89a 13931. 13+6557. 90a
T FZ Sweet oat MS 149.0045. 57a 6.3940. 7% 12.7040. 75a 58349.48411317.65a 18420. 1343572. 82a
Jing¥e 245 Jiayan No. 2 MS 131.0045. 57¢ 6.1040. 42ab 12.6041.10a 41687.75+£7209. 11a  13829. 34+2680. 65a
#1515 Qingyin No. 1 MS 147.7544. 65ab 5.94+0. 44ab 13.3540.88a 54344.444-10296.08a 17190. 59+43256. 92a

MS: FL# Milking stage; DS: %248 Dough stage.

6 /1t i 8 T T34 6 2% 52 (>0, 05) , 86 5157 i I B R Ak Uy AR =951 1 > 7551 25> 7
HE 4447 1M 2 5> 62 5 5 T R0 ik WG B0 IRHC U AIHEE = T551 15> T 5 444> (1862 B > It 2 5> 75

gl25  Hrp it TR wem, B9l 2% T e &l
2.3 KRB #&E& A4 E S L

6 A~ e 22 fn A LB 1 & A O 5. 6600 ~11. 5906, ML 5 & 1 O 2. 9406~3. 5000, LK 4 & 0 5. 5806~
7.64% , TR M Uk U T 4E & B 30. 77 % ~36. 38% , Ik Uk Uk £F 4k B R 50.77060~58.77% , K BT R F
7.690~9. 7700 JEM RN 2. 790~5. 5800, Al IEEBROKAL G M RN 9. 690 ~13. 410 (K 3) . LR WM 61
FEZZ S Rl B AR X R T e R H 51 25, 174,76,
2.4 TR MEAZZREWRAE SR E M0 2

PEH i B 0 A 7 M BB BN BB B — Ml O — A M ROR PR, 32 A3 43 B v o R b bR B A SR BRI LA
F LAY, Hh R AN FE RS AR R S W AR AR e 1 R A5 B DT AT A4 T AUAE S R R AR RS A o R b I ek 1 67
FI o3k, S M 9 O o 4R AR B R 2 A T L O T A M T AR A A 2 R R ] R 5 g S B T
9 5CFR o3 R ARG vh i K i 8 A AR AR RAE B - ¥k 5 (plant height, X)) 7> BEXL (tiler number, X,) AR £ &
(number of roots, X;) M8 & K & (root length, X,) . F# & (seeds buried depth, X;) .M A % (number of leaves,
X;) K (leaf length, X;) (M98 (leaf width, X;),9 H & 2 M AR F8 45 : ¥k &5 (plant height, X,) .25 #H (stem diameter,
X)) MR K (root length, X)) . & 5 ;= & (fresh yield, X,,) . T % 7= & (hay yield, X,,) , fal B 5 i 48 5 : 7K 5
(moisture, X,) . T ¥ (dry matter, X,;) J# & H (crude protein, X,;) HL}E i (ether extract, X,;) J# K 3 (crude
ash, X)) . MR PE Uk & £F 4 (acid detergent fibre, Xo) , H P ¥k & £F 4 (neutral washing fibre, X,,) . K i & (acid
detergent lignin, X,,) \J€ ¥} (starch, X,,) JEWi R (fatty acid, X.,,) . Al #& P 8% /K AL 5 %) (soluble carbohydrates, X,,) .
A 5 B (relative forage quality , Xo;) 5% F 35 5040 20 ik st — 25 40 #r
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K3 TRRERMEFRSRAERRILE

Table 3 Comparison of nutritional content and feed value of different oat varieties

i A Koy DM cp EE Ash  ADF  NDF ADL VEB TFA  WSC RFQ
Variety Moisture (%) (%) (%) (%) (%) (%) (%) (%) Starch (%) (%) (%)

#7125 Qingyin No. 2 5.36 94.64 11.59 3.50  6.79  30.77 50.77  7.69 4.36 1.67  13.03  174.76
T 444 Qinghai 444 4.27 95.73  5.66 3.05  6.57 35.69 56.68 9.77 5.58 1.35  12.19  118.03
[1# 25 Baiyan No. 2 4.94 95.06  7.57 3.13  7.64 36.38 58.45 7.95 2.79 1.27  12.03  127.18
FitaE 4 Sweet oat 5.87 94.13  8.94 2.94 6.19 3558 55.61 9.03 3.48 1.37  13.41  148.59
H3H 25 Jiayan No. 2 4.47 95.53  5.78 3.29  5.58 35.13 58.77 8.96 5.28 1.39  12.30  120.42
#7115 Qingyin No. 1 4.81 95.19 10.19  3.02  6.45 36.11 57.94 9.27 3.84 1.39 9.69  139.45

XL I F) FT AT 45 AR E AT AR AR AR BE L HR A R R AR AR OR T 1 B0 0 4R R 44 F g, R BT R R
91. 7890 (£ 4) , R WX 44 o P 7 S AR 3t S e 1 (U B0 i A PR £ R, mT AR Jit 25 Ak R i s s
Froeze fn AP L o 58 1 AU BYRRIEAR N 9. 49, DTHR A 37. 9500 , HURRAIE ) £ v 23 BE K R MR b5 35 v T oA
B T, LT AR 1 R SR A R T G M 7 A OGS R . B 2 AU RORRAE RN 6. 84, TTMR Ay 27. 3600,
SRR AR i) 8 v 7K 73 0 R i A A AP A e A, UG S 2 T B Ml B T A R A O B A R
55 3 E M B FRFAEAE 0 3. 99, BTHK R S 15. 97 00, HAEAE 1] B vh 58 by MUMLAR 17 A9 00T 850 e o 365 4 5 Bl o0 B9 45 AE (L
H2.62, FTHRA N 10. 4900, FARRAE i) H P AR 28 I AT B3 v 80T (3R 5) ¢

x4 FRHERFHEMEKNERS TERHE

Table 4 Variance contribution rates of principal components of plant agronomic traits in different oat varieties

s Wix HH &4 4 () B¢ 1iF (B Eigenvalues of the correlation matrix FEBUH T 35407 (19 5F J7 il Sum of squares of factor loads
Principle e 4o iy sFAERE 45 04k BT 22 0 LHE S I % B TR A F kA BT M
component Eigenvalue H il Proportion (%) Cumulative percentage (%)  Eigenvalue  Contribution (%) Cumulative contribution ( %)
1 9.49 37.95 37.95 9.49 37.95 37.95
2 6. 84 27.36 65.32 6. 84 27.36 65. 32
3 3.99 15.97 81.29 3.99 15.97 81.29
4 2.62 10.49 91.78 2.62 10.49 91.78
RG22 00 M 27 B A5 00 e s, o 2,37 X 6 AN St Bl BEAT 32 023 23 L 45 20 i AU A Tk Ry < il 2 >

N 25 >H 8] 1 S>30 444 >8] 29 > 125 (£6).
3 iFig

R EMRIE VPN PR A 77 PR R 0 B SRR, 2L 5 L A AR A IR R A58, 38 o PR 2R A e
Al E IR TR ZR G TR, A BE T L O R I AR A R PR T RO T R R R R A R KR E AR
{50, 110 B B v 2 R ) HE 27 7 R 1) — A FE B R R A T AR A 0 ) 27 b S5z e T R ) A K R A A e
fig™ PRI S 5 & B, BARR Ay BEROE — s R L X A PRk e D R o EAREIFAE R, 64 S R L il
TRl T S A e v A s P O TS L 40 3K F) 85, 07 1 149. 00 em, 76 43 BERC  ZOM i 8 G B8 L AR K4
5 T [ 2 B0 HE A 1 2B PR T o 6 4 i Rl A i R 7 e RN R e R IR AN A R ) G & 3 25 5 (P>0.05)
{FUR 88 27 7= b fi ey, B R ) B 5K 58349. 48 kg-hm ?, T B 7 i3k 18420. 13 kg-hm * ARWFFE T 80 7 i ZEHL (KR
AT A R TR R e AR FE R AR S e B ko W S X M R A 3K nT RE 5 R XA AT K
AR G

X RABHBCE T 5, 45 A BRI AR X MR (B (RE V) FAR X 05 B (REQ) fiE B RS 1 b DY 5 1) 0 5 I
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R5 ARHERMWERSBETEERFERE

Table 5 Loading matrix and eigenvectors of principal components to plant agronomic traits in different oat varieties

[E2N F i3 Principal component 5 3 % 53 X N A9 FEAE 0] B Eigenvectors corresponding to principal components
Trait 1 2 3 4 A, A, A, A,
X, 0.69 0.55 0.39 0.01 0.22 0.21 0.19 0.00
X, 0.94 0.29 0.05 0.02 0. 30 0.11 0.02 0.01
X, 0.81 0.14 0.48 —0.29 0. 26 0.05 0.24 —0.18
X, 0.09 0.76 —0.06 0.58 0.03 0.29 —0.03 0. 36
X, 0.46 0.54 0.01 —0.70 0.15 0.21 0.00 —0.43
X, 0.47 0.82 0.29 —0.15 0.15 0.31 0.15 —0.09
X, 0.77 0.49 0.38 —0.09 0.25 0.19 0.19 —0.06
X 0.52 0.02 0.45 0.01 0.17 0.01 0.22 0.01
X, 0.89 —0.21 —0.40 0.06 0.29 —0.08 —0.20 0.04
Xy 0.93 0.10 0.14 0.16 0. 30 0.04 0.07 0.10
X, 0.51 —0.06 —0.59 —0.05 0.16 —0.02 —0.29 —0.03
X, 0.38 0.68 —0.47 0.39 0.12 0. 26 —0.24 0.24
X, 0.64 0.41 —0.45 0.37 0.21 0.16 —0.22 0.23
X —0.06 0.92 —0.30 —0.24 —0.02 0.35 —0.15 —0.15
X5 0.06 —0.92 0.30 0.24 0.02 —0.35 0.15 0.15
Xy —0.53 0.65 —0.40 0.30 —0.17 0.25 —0.20 0.19
Xz —0.78 0.07 0.55 —0.07 —0.25 0.03 0.27 —0.04
X —0.54 —0.25 —0.68 —0.41 —0.18 —0.10 —0.34 —0.25
X 0.79 —0.45 —0.40 —0.13 0. 26 —0.17 —0.20 —0.08
X, 0.72 —0.59 —0.14 —0.15 0.23 —0.22 —0.07 —0.09
X, 0.72 —0.29 0.08 0.52 0.23 —0.11 0.04 0.32
X, 0.03 —0.33 0.78 0.45 0.01 —0.13 0.39 0.28
Xy —0.72 0.49 0.35 0.35 —0.23 0.19 0.17 0.21
X, —0.13 0.47 0. 46 —0.58 —0.04 0.18 0.23 —0. 36
X5 —0.60 0.77 —0.11 0.16 —0.20 0.30 —0.05 0.10

x6 FRHERMNERS GBI REHRF

Table 6 Scores and ranking of the principal component from different oat varieties

P Variety F, F, F, F, F HEFF Rank
#5125 Qingyin No. 2 —5.54 2.16 0.88 0.37 —1.45 5
T ¥ 444 Qinghai 444 0.31 —2.92 0.55 0.79 —0.56 4
I3 25 Baiyan No. 2 —1.01 —1.97 —1.99 —2.48 —1.63 6
Tt 2% Sweet oat 3.26 4.01 —0.57 —0.68 2.37 1
i3 25 Jiayan No. 2 2. 04 —0.87 3.21 —0.36 1.10
#5114 Qingyin No. 1 0.94 —0.41 —2.07 2.37 0.17 3

REV B, 4505 A ) PN (B 8 5 RIFQ 8 iy, ) 55 i gl B Jeg 2 I 7 M8 22 1 R 5 B9 3T 5 1T, 1 RE QAT
WM T R TR L REV S UERG o J2 0000 40 Hr ik S0 3 T3 55 MR B8 b i SRR S, DR 2 A A TR PR 4 A
PEATAR AL AL BE e A S T B 49 it , 368 ok A A4 JEL AR o 22 AN DU UR M R A AR e 5 A0 BOLAS 2, B Jm DL
J o3 F Xk IO B AR AR AL ot BT 4R B A8 5 B9 R A AR 2 R B A S AR AT HE Y T A — R R L B
W 7 AR Y 4008 o 2 A AR ARAE AR A0 22 A IR o AR AR A LR A DA A A 7 B AR e R S PR R, AR AT ST
HhE e 3 A IR A AR T SR BT R 37. 9506, Rp AR [ e 3 BEAIOR SR A DY e, U A o 7 AR M X
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HEAT e 22 ) B A PRI e B R ZE ML 43 BERE ) Oy T 28 (e 2 R Ol 2o B T B R AT AR R 2R A Y i
T Y B e A7 PR Sy BEROR ZE KL, W AE — s R R R T BB 2 LA ST 27, 36 040 RFAE 1] B K 43
I 5 50T RE Xt A B kA 0 1R 0 B S A 1R VAR b DX v B A HE 2 R R AT AR 7E S M 9 ) R R g Rk
) R B R A — AL LA FE — AR L T R A A A ) R 7 R A B R . SR 3 R A Bk R A
15. 97 % , & ¥ FUKLAR 1 28 7 P97 45 1o, 5505 2 38 A A OGF L, 52 B 17 8060 1 50 J5 L 3K T A 5 1 4R b IX K H R
AR A E RSB TTER R R 10. 49 %0, REAE 1] 5 A MR R K BE 8 A, 33X AT BE B W T L v T AR b X R R
BT N I AR 2 — R AR R A RGO . F A T A 45 R 5 SR DL SR AR A o FEAHIESE P, 6
() RFQAE MR 51 2 5 FIFH e A2 , 70 9 Ry 174.76 148. 59, 3551 2 5 Rk 78 6 4> &b b b R 2 6 9 i
4 A0l 5o CPLEE TFA & &85, H ADF NDF & B A% Yt F R A E MR Z 8w, 2
SUE SR B, R PR e B Y ) A 7 SR A R L OE M R DR o DA R
PELH 51 25 W E IR B A X BT o BT BB IR L AE 6w Al P OR R e g i i (H R e A
PR AR X e dy, BRI HEZZ 25 M0 6. 39 mm, 5 i 444 N2 5 H 9l 1 SR EER(P>0.05) AR EF&HTA
He 2 5T 5] 25 (P<T0.05) , 1 B Z5FF H5ORL Y & Fh B 35 ‘B8 1m0 1 4K b DX 2B K 0K i 7= R 7= 1) ) B ), i ke 22
HE X Al R R ARSI 25 00 CP & i e = T 5K OB R A AR H w0 b X AIF AT fH A 75
2°5 1 CP B 355 T 2 00 oAl 5 Rl o 75 51 255 I HE 22 (0RO 43 35 v 1 5K 6 W9 55 5% T A ARl X R F 5
K R AF LR 24 R 5 S I B HRR VA 25 G e B SR M 2 R I 2R 7 M AR RN IR L B bR A T S 1
SHRUNME 25 AR R AR A S 8, ARt EFIl 25 EHT 1S 25 M RFQ Y & T AR
SFHERLEE B SE

g5 b, WA I v 2 e 22 b 1 e 2R AR P M R A R SR B TR R E 7R BT BBKET & G AR
T b 33 AT R 53 XSk EL A A /NS O, 55 25 b R O N T e ) B e D I 3 AT O

&

4 Zig

AR X A [+ 08 22 ity ol A 5 MR AR 7 P BE R e B R R R A L SRS HE R A R Dy BT > e 2 5 >
Hol1S>HM444>H51 25 >HM2 5 o AMFFOINLE 57 EL AR THIHE 2 e A5 6 25w )™ R)™ 0™ 19 i
TP R ELAfE )RR , LA R AT A Dy i 2 R
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