34k BT oW % 2026 4 7 A
Vol.34 No. 7 ACTA AGRESTIA SINICA Jul. 2026

doi:10. 11733/j. issn. 1007-0435. 2026. 07. 015

IR KW, A, B, & IVH L w8 X M 45 925 1 OGBS i R 5 5m 42 43 7 (7). 244z, 2026, 34 (7) :2503
—2514
YUAN Yu-tao, WU Li, CHEN Chen, et al. Key Influencing Traits and Path Analysis of Seed Setting Rate of Hulled
Oats in the Northwestern Sichuan Alpine Region[J]. Acta Agrestia Sinica, 2026, 34 (7) :2503—2514

NS ERX R #HE LS SK R X ER
SEZESH

/%Eii;%l,Z,B’ % %ﬁz, FA:‘ ES, ﬂﬁé\%, TF\P;FH% XIJ i%gl’ é] }’%4’ )%‘]%]--‘T’_LS*’ F}'ﬁ?é‘_z—"’;?*
(1. g R HWCEBERBE, FilF 757 8100165 2. By B UL 2 B, Hol 5K 4% 7340005 3. P4 R B % K2 7ol 9% IR
e, P01 R 6100415 4. VGG FA XS T 75 E b0 S RS-SRS, TG S # 855714)

HE R AR 5T )0 PG AL 5 2 4R 85 R 5 g e (Awena sativa L. )55 52 F8 (10 S B Motk K HR 3 3 4%, A BF 58 L 27 43 )
Te2Z T M RE X HAE B R MR B R e R kR M R AT A L SE AL 25 M AH OGS T 2 TR R
U B3 A28 43 BT R AT 22 PR AR SR f BT o 25 SR U« P 2 TR 4 R W S B IR 22, (6 A 5 00 118~178 d L 45
SEEA T 32,47 % ~84. 72, H AR S J5 S B 45 52 3R (66. 93 %) 3 & T I W8 I8 (56. 51% , P<<0. 05) , H s gt 4
A5 5 R R R A 8 5 STV T A R S R R K S A BE RS MR AR (CV =300 R R E sk £
FEVE ;25 50 5 5 bk HERT R AR 6 A PER Y 2 3 60 R 56 (P<C0. 0 Il AR 4 BT R A, bk & A Ao BE RO B K 2
T VR 4 )V VG b g HE 27 5 S5 R 1 DGl PR, 2 T e R v 1 P RN A o B LR R R T R R . R %
i DX FT 6k P PR R 3 A R BE 22 1 R R

SESRAR - MEAE 5 T TE L B M 5 4 SR MR S 1B sl AR 0 A

hES %S S544 SCERARIRED : A M EHS:1007-0435(2026)07-2503-12

Key Influencing Traits and Path Analysis of Seed Setting Rate of Hulled
Oats in the Northwestern Sichuan Alpine Region

YUAN Yu-tao"*?, WU Li*, CHEN Chen®, ZHAO Zi-han’, DING Zhong-yang®, LIU Wen-hui',
BAIMa*, ZHOU Qing-ping"*, CHEN You-jun®
(1. Academy of Animal Science and Veterinary Medicine of Qinghai University, Xining, Qinghai Province 810016, China;
2. Bail.ie Vocational College, Zhangye, Gansu Province 734100, China; 3. Grassland Resources College, Southwest Minzu University,

Chengdu, Sichuan Province 610041, China; 4. Xiexiong Township Agriculture and Animal Husbandry Comprehensive Service Center, Chamdo ,

Xizang 855714, China)

Abstract: To investigate the key traits influencing the seed setting rate of hulled oats (Awvena sativa L..) and
their regulatory pathways in the alpine habitat of northwestern Sichuan, this study utilized 27 hulled oat acces-
sions as experimental materials. Measurements were taken for growth period, agronomic traits, photosynthetic
characteristics, as well as panicle and grain traits. Multi-trait association analysis was conducted using variance
analysis, correlation analysis, multiple linear regression, and path analysis. The results indicated that maturity
is a key factor regulating the seed setting rate. The growth period of the tested accessions ranged from 118 to
178 d, with seed setting rates varying between 32.47% and 84.72%. The average seed setting rate of early-
maturing accessions (66.93% ) was significantly higher than that of late-maturing ones (56.51% , P<Z0.05).
Mid-maturing accessions showed the highest coefficient of variation, suggesting the existence of specific germ-
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2504 B

S

o534 5

plasms with high seed-setting potential. Traits such as panicle number, awn length, and tiller number exhibited
considerable variation (CV>>30%), indicating rich genetic diversity. The seed setting rate showed a highly sig-
nificant negative correlation (P<Z0. 01) with six traits, including plant height and flag leaf length. Path analysis
revealed that plant height, effective tiller number, and panicle length are key direct factors regulating the seed

setting rate of hulled oats in northwestern Sichuan, primarily through the direct inhibitory effect of plant height
and the direct promoting effect of effective tillers. Therefore, for this region, it is advisable to select medium-
early maturing varieties with moderate plant height and a high number of effective tillers.

Key words: Hulled oat; Alpine habitat; Maturity type; Seed setting rate; Trait association; Path analysis
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& T 202245 7 7 H R 448 07 AT 46 Fl, B 44
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Table 1 Information on 27 hulled oat germplasm accessions
% PR £ PR T g 2 ELRS R4 PR el
Number Accession name Germplasm type Number Accession name Germplasm type
Y1 KA 003 Qingyongjiu003 B F ¥ Ji Breeding resources | Y15 FIKA 223 Qingyongjiu223  F Fi %I Breeding resources
Y2 #HKA 009 Qingyongjiu009  HFi %I Breeding resources | Y16 WK 225 Qingyongjiu225  F F R Breeding resources
Y3 H KA 029 Qingyongjiu029  H F ¥ Breeding resources | Y17 kA 228 Qingyongjiu228  F Fl% I Breeding resources
Y4 KA 037 Qingyongjiu037 B F % Ji Breeding resources | Y18 FHIKA 240 Qingyongjiu240 % I Breeding resources
Y5 KA 050 Qingyongjiu050 & ## I Breeding resources | Y19 7K A 264 Qingyongjiu264 B F 7T Breeding resources
Y6 7k A 080 Qingyongjiu080  HF 5 J& Breeding resources | Y20 HIKA 337 Qingyongjiu337  F FIHE I Breeding resources
Y7 KA 333 Qingyongjiu333 B Ff % IR Breeding resources | Y21 FH kA 112 Qingyongjiull2 & #1 % I Breeding resources
Y8 M 19 QingyanNo.1 B AP Bred variety Y22 KA 125 Qingyongjiul25 & Fi % i Breeding resources
Y9 KA 022 Qingyongjiu022  F i #T i Breeding resources | Y23 HIKA 150 Qingyongjiul50 7 ¥ I Breeding resources
Y10 KA 068 Qingyongjiu068  H Fi B IR Breeding resources | Y24 FH kA 189 Qingyongjiul89  F F#% I Breeding resources
Y11 7K A 099 Qingyongjiu099 & FP#E i Breeding resources | Y25 KA 200 Qingyongjiu200  F FP#E IR Breeding resources
Y12 KA 100 Qingyongjiul00  HF ¥ Ji Breeding resources | Y26 FHIKA 248 Qingyongjiu248 7 F % I Breeding resources
Y13 FK A 196 Qingyongjiul96  H F i Breeding resources | Y27 FHIKA 346 Qingyongjiu3d6  H %I Breeding resources
Y14 F kA 202 Qingyongjiu202 B R IR Breeding resources / / /
35r ---ﬁﬁ_&?ﬁLowesttemperature *E*ﬂflﬂ:ﬁ?{m”%,;j\: 15**,13\5?@@%%%0 /E\*Mijf/f
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= . - i Ty 3 , A
=Sk - JHE Pt B8 R T BE B MR R A BE A A P, A
m - - - ~ \\\ N N N ~ A
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Fig.1 Temperature changes in the greenhouse from May to
October 2022
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1.4 HEGEIT594

K H1 Excel 2019 #4712 95 £ 4 (19 9] 20 3 31 510
B A G5 BT e SPSS 27, 0 ik vh 58 B, o
AN [) 20 590 ] PR bR 22 S 38 5 SR R 3R U7 25 43 BT (One-
way ANOVA) #4174 4% , I | J Duncan 2 i F ¢
12K 2 20 18] 22 5 % 1k L R Origin 2024 344 58 B
NSNS

2 HERESGH

2.1 HEEEFHERSW

27y Je ML PR IR S AL B R W Rk 2
AR, 27 B¢ e 22 F 5w 95 AR B A T 118~178 d,
IR SRR HF LS (YO AEFW A 130d, 4 YS
A B R 27 0y B M BE R 4 O LR (8 ) Lo
B 1243 ) FI G I (7 47D, I B A T 118~
130 d, BT YR A F 134~144 d, 2 W5 4
T 148~178 d, Mg 2R B AL B WK, W& T p
AR e YR RN R 3 A B U 18, 46 %0 1 33.93% (P<C
0.05) , AR FHFEAF R Z , & m T H 25
I8 13.06% (P<<0.05) o B 7 #& A 10 L i 301 41, %)
TR LB A% B T B R ¢ e AR U B R T
RUGEIR , 35 1K T B 28 B8 R (P<<0. 05, /1 2D,

x2 FREBERBERZRES PS5t

Table 2 Growth period statistics of hulled oat accessions of different maturity types
%5 Hh P15 1) il FFAEW TSI SR A4 W A
Number Seeding stage Jointing stage Heading stage Flowering stage Filling stage  Ripe stage  Growth duration  Grade of maturity
Y1 5H21H 6H20H 7H13H 7H24H 7TH29H 9HT7H 124 L
Y2 5H25H 6H20H THI14H 7H24H SH1H 9H5H 122 L2
Y3 5A21H 6H20H 7H12H 7H23H 7H31H 9A1H 118 L
Y4 5A21H 6A10H 7H13H 7H23H 7TA3H 9A8H 125 L
Y5 5 21H 6 20H 7H12H 7H22R 7H29H 9H3H 120 L
Y6 5A21H 6 19H 7TH11H 7H23H 7H31H 9A3H 120 L
Y7 5H21H 6H15H 7H10H 7H24H 8H2H 97 1H 118 T2
Y8 5H20H 6H 18 H TH22H 8H4H 8A11H 9H13H 130 FLa
Y9 5H21H 6H20H 7THI18H 7TH31H 8HT7H 9H 18 H 135 i
Y10 5H25H 6H22H 7H28H SH10H 8H 18H 9H21H 138 rh
Y11 5H21H 6H23H 7THI18H 7TH29H 8H1H 9H17H 134 rhah
Y12 5H21H 6H23H 7H28H SH10H 8H17H 9H27H 144 rhah
Y13 5H21H 6H 16 H 7H28H 8HTH 8H15H 9H21H 138 rhah
Y14 5H21H 6H23H 7H25H 8HTH §H14H 9H 23 H 140 rhh
Y15 5H21H 6H17H 7H25H 8HT7H 8HA15H 9H20H 137 i
Y16 5H21H 6H20H 7H23H 8H10H 8H 16 H 9H21H 138 i
Y17 5A21H 6250 7H20H 7H30H 8SHTH 9 18 H 135 i
Y18 5H25H 6H19H 7H20H 8HGS5H 8H12H 9H19H 136 Hh
Y19 5A21H 6H23H 7H23H 8HIH 8H17H 9H 250 142 aiE
Y20 5A21H 6220 7H25H 8H10H 8H 18 H 9 23H 140 aik
Y21 5H25H 7TH9H 8H4H 8H27H 9H3H 10H 12 H 160 e 38
Y22 5721 H 7TH6H 8H3H 8H 24 H 9A1H 107 11H 159 I 284
Y23 5H25H 7TH1H 8H8H 8H 26 H 9H3H 104 13H 161 I 224
Y24 5H21H 7THS8H 8H2H 9H12H 9H 20 H 104 28 H 178 I 224
Y25 5H21H TH8H 8HSH SH12H 8H20H 10A 28 H 178 e 24
Y26 5H21H THS5H 7TH31H SH10H 8H 18H 9H30H 148 e 24
Y27 5H21H TH6H SH1H 8H25H 9H1H 104 13 H 161 e 24
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Fig.2 Differences in growth period among hulled oat
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Fig. 3 Analysis of seed setting rate variation among hulled oat germplasm resources (left) and comparison based on maturity

groups (right)
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(CV=21.42%) ¥ECV=19.30%) . ZZMH(CV=
18. 34 ) B L mlife Z MR R e 5 v SRR E AR 57
MAERE R P FF R (CV=12. 16 %) FhF 5 (CV=

10.71%) . Fh F = (CV=12.65%) A F MW CV=
11.91Y) R TR HE(CV=13.21%), 3 F2 B R Ik i
AR S UG HAEFPR AL S AL st .

x3 TMHEFREF RS HEROMARSE T

Table 3 Descriptive statistics of multiple traits in 27 hulled oat accessions

MY 4 bR SSoN[} I/ MHE A5 R
Motk Trait Mean = standard Maximum Minimum  Coefficient Varia-
deviation value value tion/ %
W Growth period/d 139.96+16.67 178 118 11.91
B Plant height/cm 108.67+20.97 152.24 60.71 19.30
22 Hl Stem diameter/mm 3.13+0.57 5.42 1.93 18.34
JE K Flag leal length/cm 29.63+£7.28 46.11 15.35 24.55
I 5% Flag leaf width/cm 1.5340.43 2.85 0.53 28.12
ARy BE Effective tillers 2.14+0.88 5 1 41.05
TCR 4y BE Ineffective tillers 2.62+1.10 6 1 42.10
K Panicle length/cm 23.88+8.69 45.15 12.68 36.41
AL Panicle number 31.28+21.52 110 6 68.77
)28 Whorl number 4.1541.04 7 2 25.03
Bl F 1 #1 Seed area/mm?® 28.48+6.10 39.36 17.59 21.42
FlF & Seed perimeter/mm 33.76+5.54 45.74 24.58 16.42
7K Seed length/mm 17.74+2.16 22.21 12.81 12.16
FhF 5 Seed width/mm 2.8240.30 3.57 2.25 10.71
il F ¥ Seed height/mm 2.21+0.28 2.97 1.65 12.65
K Awn length/mm 2.06+1.40 3.86 0 68.30
T-FiE Thousand grain weight/g 2.96+0.39 3.96 2.18 13.21
7€ 16 1 %€ Transpiration rate/(mmol-m ? + s ' H:0) 3.044+1.02 5.64 0.93 33.69
A 3 % Net photosynthetic rate/(pmol * m 2+ s 1 CO») 10.8842.65 16.57 3.07 24.31
1] — 4 AT M Intercellular CO: concentration/(pmol + mol ! CO») 211.79+33.44 274.88 101.35 15.79
S 4L 5 J¥ Stomatal conductance/(mol * m 2+ s ' H.O) 0.1140.04 0.25 0.03 37.76

2.4 ETHMESENMRAEILEEFESH
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Table 4 Comparison of trait characteristics grouped by maturity type

MR/ B Trait/Mature Period FLZ Precocious type h 2 Medium type 32 Late type F{H F-value PA{H P-value
GP/d 122.134-3.90° 138.0842.91 163.57410.29° 274.647 0.00

PH/cm 98.29+21.12" 105.42415.36" 126.10419.13" 14.104 0.000
SD/mm 3.3140.74 2.9740.43" 3.2040.52% 2.856 0.064
FLL/cm 29.94+8.49" 26.945.71" 33.94+6.22° 7.211 0.001
FLW/cm 1.38220.49b 1.460.32" 1.81£0.41° 7.585 0.001
ET 2.25+0.99" 1.9740.88" 2.2940.72° 1.141 0.325
IT 2.2540.68" 2.58+1.11" 3.1041.34* 3.537 0.034
PL/cm 19.7745.61" 23.014£7.99 30.0549.64* 9.972 0.000
PN 24.67415.26" 31.284 24 47% 38.86420.57" 2.529 0.086
WN 4.000.78" 4.08+1.16" 4.43+1.08 1.083 0.344
SA/mm’ 25.0944.97" 29.2845.42° 30.97+6.89* 6.585 0.002
SP/mm 31.9945.64 34.1244.75 35.1746.39° 2.026 0.139
SL/mm 17.9742.09" 17.514+1.81* 17.8642.77* 0.372 0.691
SW/mm 2.804-0.34" 2.794-0.29* 2.894-0.28* 0.795 0.455
SH/mm 2.1140.26" 2.2340.29% 2.28+0.26° 2.381 0.099
AL/mm 1.6941.43" 1.93+£1.41° 2.70+1.20" 3.324 0.041
TGW/g 2.884-0.29" 2.934-0.42° 3.1040.42° 1.873 0.161
Tr/Cmmol-m~?+s~' H,0) 2.7441.08" 3.00£1.00" 3.444+0.91" 2.786 0.068
Pn/Cpmol-m %51 COy) 9.9643.33" 10.784+2.18" 12.124£2.06° 4.084 0.021
Ci/Cpmol-mol ' CO,) 205.10441.09* 210.104+27.81* 222.32+31.66° 1.592 0.210
Gs/(mol-m~2+s7' H.0) 0.1040.05" 0.1140.03" 0.1340.04" 4.022 0.022

WGP ERAEF W, PH R R, SD /R 220, FLL /R M| FLW FR M- 55, ET /8 A4 20088, 1T R AU BE , PL £l K,
PN 275 A, WN 27548 280, SA R Fh T AR, SP £ R A T K SL R F 7K, SW R A 755, SHE R A 755 AL £R 195K, TGW %
JRTRIE, Tr R 2810 R, P Fom il A R, CLgoR ) LBk i, Gs TR RAL S o RAT AR [l/NG 20 FOR AN [F) A 3L o) A 5 25 22

5(P<<0.05), F A

Note: GP indicates Growth period, PH indicates Plant height, SD indicates Stem diameter, FLL indicates Flag leaf length, FLW indicates
Flag leaf width, ET indicates Effective tillers, IT indicates Ineffective tillers, PL indicates Panicle length, PN indicates Panicle number, WN indi-

cates Whorl number, SA indicates Seed area, SP indicates Seed perimeter, SL indicates Seed length, SW indicates Seed width, SH indicates

Seed height, AL indicates Awn length, TGW indicates Thousand grain weight, Tr indicates Transpiration rate, Pn indicates Net photosynthetic

rate, Ci indicates Intercellular CO» concentration, Gs indicates Stomatal conductance. The significant difference between different treatments of

the same trait is denoted as different lowercase letters in the same line (P<0.05), the same as below
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3 H 5 S R I R AR AE A X R . B R AR
H Rk (PHD L ZEHL(SD) R M JE 25 (FLL .FLW)
) 247 5L A% 5 25 1E AH 96 (P<<0. 01) s B &5 M P, B K
(PL) EEU(PND 558 2 H(WN) B % 568, Hap &
P52 HOR (Tr) SAL T (Gs) 2 |3 IEM X P
<20. 05); ZZ B H R (Tr) A H R (Pr) L fE CO:
W JE (CD VAL F B (Gs) KRRz IR B B oy 3 1 5
FasE U R, Hoh TR (TGW) 5064 3 R (Pn)
e 8 2 IE M O (P<<0. 01, B WA G & 7= 4 3t 10 52 1 7
KRS . FPRLE A @, B K (SL) 5 A7 58

(SW) FfF 15 (SHD | TR H (TGW) 5 i 2 6 A 5%
(P<<0.05) ;M EBME, ZHEFRERKERS S
S5 % 5 0k R G , T A4 BE CET) X 45 SR A7 A
E VUL o A S 190 4 43 A7 3¢ B 1T PG b Bz e 22 Motk
B O P R 5 AU I AR AR RS 2 RGE B
G4k, 45 S 23R U] A v A B R ) A B O AR
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Shy ik — 25 S BT R A )1 P b g A 2 R
0 S B PEOIR | 2 T AH 56 1k 2 B 45 2R L 5 4 SR Ok
% Y1 9 A B AR G0A £2 00 4 PE ] D B AL, B
iy 25 P R X 45 S 3R B RN B TR A L A A
B R 56 25 S R IRl AR A Sk i BB 2 K OF (F=
5.52,P<C0.001), % J5 e sE R K 0.337, %W 9
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Fig.4 Correlation heatmap of phenotypic traits in hulled oat

T B R T 4% A% B P 22 [A] 19 Pearson #H ¢ R AL 1o
&), RE R r=0( M %) .
T 1A
Note:

relation coefficients, from (—1) (strong negative correlation, red) to (+1) (strong positive correlation, blue) ,

The Fig. displays pairwise Pearson correlation coefficients (7) between the variables.

A O B0 0 2 3R 7 R G AR BB (L B, L — 1Ol BORT G, 20 €2) 31+ 1 Cot O AT OG
[58] 53E) 2AR/ N 5 AR 5 28 500 24 XD AE LG, 4 %0 (DB [ e oK

#P<20.05,**P<0. 01, SSRFERELEIHK,

The color scale to the right indicates the range of cor-

with intermediate colors corre-

sponding to (r=0) (no correlation). Dot sizes are proportional to the absolute values of the correlation coefficients, with larger dots representing

stronger correlations. Significance levels are denoted as follows: (P<C0.05) (*) and (P<C0.01) (%),

same as below
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SSR indicates Seed Setting Rate. The
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Table 5 Multiple linear regression analysis of seed setting rate with key traits

A5t Variable  AFrififb &8 Unstandardized coefficient  Frififk £ % Standardization coefficient (Beta) 11 t-value P P-value
WA 89.81 / 5.53 0
PH —0.28 —0.378 —3.14 0.002
ET 5.21 0.291 2.81 0.006
PL —0.46 —0.254 —2.04 0.045
Tr 4.68 0.305 1.96 0.055
FLL —0.04 —0.019 —0.133 0.894
FLW —4.55 —0.124 —0.791 0.431
SA 0.086 0.033 0.337 0.737
TGW —1.25 —0.031 —0.311 0.757
Pn —0.26 —0.044 —0.282 0.779

2.7 BESH

WIS A R T 2 MR M 25 2R 1 2 A
FAMURI(FR 2) o B o 2 BRI A L S5 25 50R [ £
] ERONE (— 0. 520) 3 5 T 5 K0 E 24 4
(HEER R =—0.378) 5 BB K 72. 7%, F W
R 1 T 45 S S5 ) A7 T 5 M) 2 2 3 e T v e T Y S
IR, T A Ao e LA 0 PR A (R AR . A AR B
SRR E IE I IR, BHaEAR RO 0. 291, 510l
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Table 6 Path analysis of key determinants affecting seed setting rate

Y B TR SR O FR KL

Az PN .
I'he simple correlation

i Direct path
Independent variable irect pa

IERPSIEGES

[HEESHEEEE '

Indirect path coefficient

Determination

coefficient with Y coefficient HHEPH HMHSET MBEKPL B#EETr coefficient
PH —0.520" 0.378" — 0.018 0.179" 0.071" —0.535
ET 0.175 0.2917 0.014 — 0.066" —0.073" 0.017
PL —0.369" 0.254" 0.120" 0.057" — 0.058" —0.252
Tr 0.015 0.305 0.057" —0.077" 0.070" — —0.084
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