3% oM o o 4R 20264 2 A
Vol.34  No. 2 ACTA AGRESTIA SINICA Feb. 2026

doi:10. 11733/j. issn. 1007-0435. 2026. 02. 015

SIRMEN BALIE, B, TRIEAL, 45 . TR HEEE 0 B B4 T 557k AR T 7 ik AR DGR R B e T R WS (0], B b2 4k, 2026, 34
(2):531—542
WEI Kong-tao, CAO Quan, ZHANG Zheng-she, et al. Study on the Yield-Related Traits and Influencing Factors of
Hay and Seed Yield in Different Oat (Avena sativa 1..) Varieties[J]. Acta Agrestia Sinica, 2026, 34 (2) :531—542

AR EZ MM TEFEMMF =S H X
= I [ = #F 32

%;}L/}%’: 1,2,3#, gﬁ é/i\l,z,:%:’ g&iz‘iai’ g&%‘% 1,2,3’ ﬁ HZ] 1,2,3, };‘T’-_] ‘;'_YFI,Z,S,
g{/‘ ,%3»1,2.3, i%%l,&s, -ﬁ::‘i’:l 1,2,3’ %é\&l,z,%
(1. FiFKFFWEER b/ HIEA RS ERER, B 78T 8100165 2. TG4 i 8 B i b Pk 45 #IL 5
1%, B T 8100165 3. HERE = VLI X M ZE R /AR R F M ELLKE, FifF 757 810016;
4. FIGERAAATRILE = VLR AS S &R BOL E R ESERE, &5 T 810016)

T EE Oy 7 0 A0 P P I M DX ) O R RS SR . DAL HE Y 10 e LRI R DR SR G, T AR L e RORE DG R SR
JHZE R 7 FERIRL S5 BT 52 e 7 a0 IR o S5 AR R W) R B R SO e A AL (132 KA1 125 KD 5 K3k "Bk
15 (61. 93 co) AT HE )™ 8 (12 672. 60 kg-hm IS DU 27 A JE v 76 b 18 AN i JR K S AR AL s &
KT AR S B (5. 290, HL S i 2 S B 2R 2 (6. 22)2) MR TR I K (42. 68 @) 5 BB T
J7 i g (9963. 06 kg-hm *) o BEML AR AR B, il 1A B 0 B e F8ORE F 60 b )7 A 5 35 VT 5 25 4 O R AT 7
S o 4 00T A TR R R R RO (R R e . ZR AT SR B R R A B, T AR g PR b X
SRR T W e R TR S R

&4y K5 : 5548 S ERFRIEAD : A X EHES1007-0435(2026)02-0531-12

Study on the Yield-Related Traits and Influencing Factors of Hay and Seed
Yield in Different Oat (Avena sativa L. ) Varieties

WEI Kong-tao"**, CAO Quan"**, ZHANG Zheng-she*, ZHANG Chun-ping"**, YU Yang"*?,
ZHOU Ze"**, ZHANG Xue"*?, WANG Xin-xin"*?, YUE Si-yu"**, DONG Quan-min"**

(1. Academy of Animal and Veterinary Sciences, Qinghai University/Qinghai Academy of Animal and Veterinary Sciences, Xining, Qinghai
Province 810016, China; 2. Qinghai Provincial Key Laboratory of Adaptive Management on Alpine Grassland, Xining, Qinghai Province
810016, China; 3. Key Laboratory of the Alpine Grassland Ecology in the Three Rivers Region, Ministry of Education Qinghai University,
Xining, Qinghai Province 810016, China; 4. State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining,
Qinghai Province 810016, China)

Abstract: To select suitable high-quality oat varieties for cultivation in the Qinghai L.ake area, ten introduced
oat (Avena sativa 1..) varieties were evaluated for yield and related traits, and the structural equation modeling
was employed to analyze the key factors that affecting yield. The results showed that ‘Model’ and ‘Esker’ had
relatively short growth periods (132 and 125 days, respectively). ‘Monida’ exhibited superior plant height
(61.93 cm) and hay yield (12 672. 60 kg-hm™~?). ‘Baler 2’ and ‘Haymaker’ performed better in leaf area and
leaf perimeter. ‘Everleaf” had the highest leaf area index (5.29) and, together with ‘Forage’ , produced more
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spikelet whorls (6.22). ‘Model’ had the highest thousand-grain weight (42.68 g). And ‘Haymaker’
achieved the highest seed yield (9963.06 kg-hm *). Random forest analysis indicated that the leaf area and
grain weight per spike had significant effects on seed yield, while structural equation modeling revealed that
yield was jointly regulated by both the direct effects of variety and the indirect effects mediated through the leaf
area index. Overall evaluation suggested that ‘Haymaker’ had remarkable advantages and could be recom-

mended as the dominant oat variety for the Qinghai LLake area.
Key words: Qinghai LLake area;Oat varieties; Hay yield ; Seed yield
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Table 1  The basic characteristics of tested oat varieties
%5 Number i AP £ FR Varieties name Y& 44 English name 9 Type 7= b Producing area

Pl i Model L2 Early maturity Jin% K Canada
P2 DL Baler 2 Mid maturity fing kK Canada
P3 v Esker 2 Mid maturity JEH America
P4 Ul 2 Baler 2 i 2 Late maturity Jing= K Canada
P5 Zik Everleaf R B 2 Ultra-late maturity % E America
P6 T Haymaker 3 Late maturity "1 [ China

P7 1 iy 2 Forage B Mid-late maturity % [E America
P8 F ik Monida rh FL 2 Mid-early maturity J[E America
P9 b1 Souris L Early maturity Jng K Canada
P10 i Fuxing H g 2 Mid-late maturity F[EH America
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0.6 m, A FPAE RN T4 178 30 cm, L IX
PR 1347, #E R 3~4 cm, Fi¢ i Pl R P 8 S 16 R i oy
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B 5 BT T 49 W — UK H PR # 75 kg-hm
BEIR — Bk 225 kg-hm ™7 24 & W R i A |, 4> BE
WA T BR A A A B 5 R — 3k

1.4 HERUWSHRmRE
1.4.1 iz gsnm R R PRI i | 4 I (Gle e
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Table 2 Phenological period of different oat varieties

PRI/ B
Phenological period (month/day)
W5 A R
% Wt a5 N s [
Number Variety Téﬂf%‘i Lhm%q 67‘5@91 ﬂwﬁﬁ ZEHEM m%}w FFM%J% Maturation stage LPN
Sowing  Seeding  Tillering Elongating ~ Boot Heading Flowering — - - Growth
LA i A fat .
date stage stage stage stage stage stage . . o A duration/d
Milky maturity  Wax-ripening ~ Full-ripening
Pl #%F  S5HI10H 5H20H 6H11H T7H9H T7HI9H 7H25H 8HIH 9H10H 9H 14H 9/119H 132
P2 18 5100 5H17A 6H6H 7H5H T7HI16H 7H23H 8HTH 9H22H 9H27H 104 1H 144
P3  XHize 5H10H S5HI17H 6A9H THSH T7J14H T7J20H S8HI1H 9H3H 9H8H 9/112H 125
P4 k2 S5HI0H S5HI8H 6H8H TH7H T7HI16H 7H22H 8HSH 9H12H 9H 18H 9H 22H 135
P5 FiR 5H100 5H19A 6A9R  7H4R T7HISA 7TH23A 8HTH 9H19H 9H22A 9H29H 142
P6 B¥w S5H10H 5A17H 6H10H 7H8H T7HI16H 7H23H 8H6H 9/ 21H 9/ 26H 9/ 30H 143
P7 fiE SH10H 5H18H 6H9H 7H3H 7HI9H 7TH27TH 8H2H 9H18H 9H23H 104 1H 144
P8 Eik 5H100 5H17A 6A8H 7HS5H T7HI3A 7H21H 8H3H 9H19H 9H 241 9H30H 143
P9 EH SHI0OH SHI8H 6H11H 7HI12H T7HI9H T7H26H 8H6H 9/120H 971 25H 9J128H 141
P10 iR 5100 5H200 6H12H 7H3H T7HI3H 7TH22H 8H2H 9H19H 9H23H 9H27TH 140

U 2 TR SRR 0 9 2024 4F
Note: All data years listed in the table refer to 2024
2.2 AEAHKERMTEFEMHREMFFE2HX
i
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FRAE R — A4 B Wk = R AN R 22 52 (B Do 7E
TEAEL, Ah Rl P3PS I PO Y bk oy 35 v T He At A
(P<C0.05), 20 %} 61.93,59. 46 F1 59. 27 cm; 7E FL,
B, SR P6 A PS B AR R 3 T A A R (P
0.05), 43 5 24 90. 69 F1 92. 32 cm; £ 5 B, & b
P8 I bk e 22 BT B 7K OF W3 v T A A e (P<<
0.05), 35 5] 106. 84 cm. #h A PS7E = A4 B #1134
RO EENRE  RER M, AEKESEER
W HE R
AN e 22 Rl B T B AT A 25 S OR 1
7 7L BN A o8 BV R B B 3 25 S (P<<0. 05, 2),
TEFLEMY , TR R 7E 7216. 23~12 672. 60 kg-hm 7,

i A P6 A P8 1Y FE P B AL, 43 ) O 12 154, 310
12 672. 60 kg-hm *, i % & F P7(7216. 23 kg-hm *,
P<<0.05) ; 76 56 B4 , 5L 77 & 7R 11 377. 09~
21 478.59 kg-hm 2, §h A P8 il B 7= 5 fe i, 1k 2
21 478.59 kg-hm ?*, 1 35 i T HAh i A (P<<0. 05)

AN 7] FHE 2 i A B T LG AR TR — 2E R R B
AT 22 5 (B 3D o ZEFFAE I L 2VH A58 U0, 5 ol
P5 Y &F T b 4 5w, 40 i o 6.56,4. 68 F1 3. 05, A
i T HAb B R (P<<0.05) . Bk b, KRR A
st ) B T L B AR T U0 SR 2 U R AT, M T RE L
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AN 7] FHE 22 it Al DA T A6 30— 2L 2301 R FL 2 —
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F] 0.033 g-g '-d,

5 T H Al A
7EFL B — 58 B, R R e 22 119 AH %
B AE 0.009~0. 046 g-g '+d ', A P7 (4]

AR R LIk F 0,046 grg ed L B EHT
oA A P (P<<0.05) o BE AR b, K o0 it 3 286 42
Fofr B4 AF R AR R R TE AR B R AR T A= F T
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fhFh Variety
E1 FEHKERMEKS
Fig. 1 Plant height of different oat varieties

TE P PL— P10 20 S AR DL SCHT 5T UL 2 20K SR BOE R i 28 3R 0K

WA WA, R 2R B (P<0.05), T

Note: P1—P10 in the figure represent exemplary, Model, Baler, Esker, Baler 2, Everleaf, Haymaker, Forage, Monida, Souris, Fuxing,

respectively. * represents significant differences (P<C0.05), the same applies below

JEEH# Flowering stage LY Milky maturity stage SE8UY Full-ripening stage
E 30 000
: *
&
< 24 000
=
2 18000 * ; g E[ H
g 5 i i
= 12000} s - il
z » |7
FordB PP
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
fnf Variety
B2 AEZELMUTESE
Fig.2 Hay yield of different oat varieties
12
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% 5tk

oy B, JF A€W,

1 1 1
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R % & SAet @R AT @RI X 10
1y HEZE SRR AE 34~ B 3 A0 o i AR T AR B AT
- E FRO7E 1892. 62~

1
P1 P2 P3 P4 P5 P6 P7 P8 P9 PI0
AR Variety

B3 FEHEmRMEE T

Fig. 3 Fresh to dry ratio of different oat varieties

3190. 22 mm?, F A< DU 27 A1 2 0K A i R
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FHAF A [ 3% Relative growth rate/(g-g--d™)

B T AL, A T At ke A2 SRR (P<Z0. 05) ¢ DL

-0.02

0.12

JFAE I —FL38Jb] Flowering—Milky maturity stage

FLah—5¢ 8] Milky maturity—Full-ripening stage

0.10F

0.08

0.06
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0.02

0.00

ol pnol 9+
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+ 0

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
fnFh Variety

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

B4 AEHERMAENERER

Fig.4 Relative growth rates of different oat varieties

2’ FETT AL Y i JAl K Bie i, 9 566. 20 mm, ¢

AR, 7358 273. 83 mm A1 16. 82 mm, * &
x3 ATREFEEDMPIHEREITERIEHR

Table 3 Leaf area and leaf area index of different oat varieties

B
TEFL B A g B p nE R R B, B = T
b A CP<<0. 05) ¢ UL 27 76 FE A6 1 59 - i 55 3

B A

7L

N7

W58 B I R R R AR AR, e T
HoAth & AP (P<<0. 05) B 3K HE 34 & A 1 1 AR
RBP4 3 A 5. 29,4. 56 fl 2. 62, 8 &
FH A 5 AP (P<<0. 05) o B I, ez (1) il 1 AR 45 4L
B % A B I T B BRI (3 3D

AT A AR GRS RIS 5 T AR £
Growth period Variety Leaf area/mm?* Leaf circumference/mm  Leaflength/mm  Leaf width/mm  Leaf area index
T4 i 2175.434+161.12" 427.07426.44° 208.834-13.20°  14.95+0.78" 2.71+0.38%
Flowering stage 111 8 1892.62+127.96" 382.38+27.92¢ 197.504+14.27¢  13.95+0.69° 3.24+0.14"4
e 2082.434137.48" 429.58+17.69¢ 210.33+9.04°¢ 15.3840.48" 2.0540.48
DU 2 3190.22+218.86" 566.20+13.26" 273.83+7.04" 16.824+1.42° 2.8540.684
Z iR 2963.654251.55" 536.00=430.78" 255.334+14.05®  16.3541.29° 5.2940.55"
B 2566.004367.21% 459.45450.37™ 231.334-19.14"  16.05+1.58" 4.46+0.22"
i A 2112.084-246.67" 395.654-50.23° 194.834+24.86°  15.20+0.68" 3.6040.17"
i 2258.224235.82" 439.33+31.27¢ 210.00411.55°  16.87+1.23" 2.5340.64%
A 1968.88+192.29" 409.854-21.02° 201.17410.44°  15.1540.66" 2.4840.384
i A2 2253.474103.83" 452.42+15.62" 224.334-8.52" 14.0340.43" 3.33£0.19"
LA i 2746.134389.15" 475.48434.79" 229.504+13.81"  18.17+1.71" 2.53+0.33"
Milky maturity stage 11 2282.104206.12" 434.07+26.40" 205.50+8.78"  16.0841.00% 3.3240.30"
B3 iy 1559.22+215.06 351.274+41.61¢ 173.0017.43%¢  13.8541.00% 2.10+0.25°
UL 2 2492.184292.19" 458.234-26.69" 219.50410.69"  17.6041.62"¢ 3.05+£0.50"
ik 2935.954153.52" 453.954-18.73" 215.3346.50 20.4740.68" 4.5641.08"
W 4003.97 4 305.10° 588.25+13.51" 267.8346.22" 23.43+1.53 4.5340.23"
IR 2184.55+ 313.40" 418.83426.52" 203.00£11.66"  16.9241.20" 3.40+0.30™
ik 2154.034181.50" 418.954+13.11™ 204.17+5.56" 15.8541.38 3.94+0.14"
L 1345.074107.62¢ 329.624-13.95¢ 165.67+£7.02¢ 12.384-0.55° 2.7940.43"
i 2 2423.784271.99" 422.07+25.58" 207.00411.97"  17.18+1.25"¢ 3.30£0.24"
S¢S A 1971.70+156.24" 395.524-23.78° 188.67+£8.91° 15.63+1.02 1.6840.60"
Full-ripening stage g} 1901.35+128.65% 395.28+22.42¢ 190.8349.47° 14.854+0.78¢ 2.01+0.14%
M e 1620.28+203.81¢ 389.98+37.12° 182.33+12.25°  15.40+1.11¢ 1.724+0.12"
Dl 2 2334.104204.09" 443.524-28.18™ 211.504-14.24"  16.47+1.53" 2.2540.47"
ZiK 3218.204192.77° 507.65417.75" 235.83+7.78"  20.18%1.10° 2.6240.63"
LK 7 3151.924162.06" 527.87429.17° 245.834+14.18"  19.50+0.59" 2.74+0.35"
 Fiti 2 2524.72+336.74° 411.034£29.38¢ 198.17+£12.06°  19.40+1.79" 2.1340.44®
Fik 2385.324202.36" 412.70427.09° 199.67+13.87°  18.5240.53"° 2.70+0.42"
L 1753.85+137.86% 379.13+16.30° 184.17+8.28° 15.2041.01¢ 0.93+0.15"
i 2 2227.03494.12b 411.10413.85° 200.67+7.82° 16.8340.39" 1.8140.29"

TE R PAFNG FRFRORE — A 7R 46 b A T

oI 7 2 25 -k (P<C0. 05)

Note: Different lowercase letters in the table indicate significant differences (P<C0.05) between different oat varieties in the same growth

period and indicator
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2.2.3 xﬁlﬁ%i&ﬁﬁ%?%#&;&%% X104y
HEAZ SRR B A DGR AT o3BT, 4 2R

ﬁfr‘%‘b‘:’%u‘?%fa”ﬁi’E@%i’é%éﬁz%@ﬂﬁ&,%ﬁﬁ
6. 22 )3, b 2 T A & Rl (P<T0. 05) . DL&y " DL
27N R E v BB SR IR, 43002 20. 00,21, 83
21,26 cm, B30T HAD G FH(P<0. 05) . A[H) 4
Az i R RN S N I BRI R A

R4 TRZERMEMF

Bt o 34, 114 PRECTE 1Y R AEORL T B g o
1.58 g, & 3 & F H A F AP (P<<0. 05) . AN[RIFHEZE
ot 4 T kL T 7E 15. 14~42. 68 g, ‘ HEAL” i T ki 1
1, 42,68 g, HIR R M e L3k 42. 06 g A IR
WA B R PR AE 7065, 34~9963. 06 kgehm %, M
Bevd B E AR AR i R, 35 9963. 06 kgehm 7,
I 2 T AR R (P<<0. 05,38 ).
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Table 4 Seed yield related traits of different oat varieties

o TR K ES VY87 LR 73 Y R4 R AORL E TR 7 i
Vuz:riet Number of Spike length/ Main spike Grain number Spike grain Thousand-grain Seed yield/
Y spikelet layers cm number per spike weight/g weight/g (kg-hm %)
g 5.1140.26" 15.5840.83" 12.44+1.14° 30.004+5.11" 1.234-0.08" 42.68+0.65" 7558.01+£52.31°
1) 5.2240.32  20.0041.77 14.44+2.03" 31.8945.92" 1.134:0.10" 36.9140.83° 7123.22474.59"
Ry 4.784+0.15¢ 13.3940.33"  13.44+0.82° 19.56+1.19" 1.0240.08%¢ 42.06+1.27% 7065.34+90.65'
Wi 2 5.2240.28"  21.834+1.23" 14.56+0.67° 29.004+2.19" 0.940.09%" 29.24+0.65" 8328.66+88.61¢
FIR 6.22+0.22° 13.9840.84"  14.44+1.36" 34.11+4.25° 0.7340.09¢ 15.1440.61# 8884.564114.49¢
g g 5.6740.24"  21.264+0.92°  12.33-0.87" 29.33+3.93" 1.58-+0.19* 28.02+0.86¢ 9963.06 4 140.55"
LEEED 6.224-0.15" 14.3040.48"  11.674+0.78" 26.8943.07" 0.67+0.05" 19.5140.55' 8236.80497.45¢
Fik 4.67+0.24° 15.48+1.01° 14.0041.81° 29.334+5.54" 1.4340.13" 29.69+40.59¢ 9298.60+96.91"
L 4.6740.29° 14.4840.54"  12.56+0.60" 25.0042.20" 1.2940.10" 40.35+0.33" 8454.924133.93"
A 5.5640.18"  12.0340.53° 11.56+0.77° 20.33+£2.70" 0.7240.10¢ 25.6740.70° 7194.40+£91.02"
2.3 AEAZENHEMHFFENEEESFT LAk .
FE T Bt L AR AR 7 5 K PEAS A [A] AR X JHe 22 SGW |
FrrElEE L R mEE . B EER LAI'H
AHER, LS KA RAX GRS BRE NSL
. " e Variety
L, R AR RORR AR T i AR S A D R A 2 Y
MSN

PORL USRNSSR - AL AL S T RN L 75
M I T BR R 5 R i R, R R R A BER
A TTHR . Bl A T2 BN A —E R (R
B E Ko Wbk TR R SRR A Y
J7 R ZEW A 73 A, B AR T R R 5 5T Rk
BN R s (K 5D .

2.4 mMXMNBmETFEFEMNMFEFENZMILRE

K FH 43 B 3 25 /) Oy B A R R S i ] 5 )
R A VR Y B AR A A R R o S AR
A B (Fisher's C=0.734,P=0.693) , /it
o Xk R 7 d FNRR - o B R AN, RO {H 4
A 0. 1699 Fl—0. 2170, & b Xt ot 1 FUEE B0 2 A
BN T FR AR RO T R B 3 AL
JTANDO S LR R - = & I 1 o AN S G VK (2|
—0.5970 1 0. 5139, s Fh i 38 3k 52 g - 1T AR 48 %%
ST N - A U R Bl Nl o S
=(E6),

Plant height

T

s

Hay yield - ns ] P=00202
SLE+ ns - R*=0.4566
GNPS tns M Significant

RGR ns- I Non-Significant
2.5 2I.5 51.0 7I.5 1(;.0
% IncMSE
5 AREENMHFEENEEZESFT
Fig. 5 Analysis of the importance of different variables on
seed yield
i : B LA, SGW ., LAI. NSL . Variety . MSN, Plant height., Hay
yield (SL .GNPS .RGR . % IncMSE 43 5| # 7% W 1 8L Sk fdoks & L i
R B0 RS 2 B R RN Bk e T R R RS IRk
TRE A O 2R QR DL R 3 7 R 2N 3 b <R B 2
(P<20.05) ,ns 7R JC fik 3 22 57
Note: In the figure, LA, SGW, LAI, NSL, Variety, MSN, Plant
height, Hay yield, SL, GNPS, RGR, and % IncMSE represent leaf
area, spike grain weight, leaf area index, number of spikelet layers,
variety, main spike number, plant height, hay yield, spike length,
grain number per spike, relative growth rate, and percentage increase
in mean squared error, respectively. * indicates a significant differ-

ence (P<C0.05), ns indicates no significant difference
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Fig. 6 The impact path of varieties on hay yield and seed yield
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Note: Line types, solid=significant paths (P<Z0.05), dashed=non-significant paths. Path coefficients: Standardized B-values shown adjacent to

arrows significance levels: *P<C0. 05, **P<C0. 01, ***P<C0. 001
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Fig. 7

Comprehensive evaluation of hay yield and seed yield

traits of different oat varieties
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