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Abstract: There is limited genetic diversity among dryland oat germplasm resources and a paucity of oat varieties
suitable for cultivation in the arid area of Ningxia. To address these problems, we conducted an experiment with a
single-factor randomized block design to compare the performance of 21 new oat germplasm materials and three main
varieties (CK;, CK,, CK,) at the Yanchi Sidunzi Experimental Base of Ningxia University in 2023. Differences in
their agronomic traits, seed production performance, and germination characteristics were analyzed by principal
component analysis (PCA) and cluster analysis methods. The results show that the new strain Lyperformed best in
terms of core production indexes such as ear length (30. 13 ¢cm), grain number per plant (141. 67 grains) , crude
protein yield (0.58 g-plant™') , seed width (3.36 mm) , and actual seed yield (4726.33 kg+ha™'). L, had multi-
dimensional advantages of plant height (159. 33 cm) , dry weight per plant (5. 69 g), 1000-grain weight (38.53 g),
germination rate (98.67% ), and seed yield (4423.53 kg+ha™'). The PCA multi-trait evaluation model showed that
Ly, L., and L, ranked as the top three varieties, with multivariate scores 23. 6% —41. 8% higher than those of CK,,
CK,, and CK;. The cluster analysis based on Euclidean distance divided the test materials into three groups, among
which group Il (L,, Ly, Ls) showed significantly better performance than the other groups in terms of key indicators
such as seed yield, germination characteristics, and biomass accumulation (P<C0.05). Two drought-resistant and
high-yielding oat germplasm materials, L, and L,, were screened out, and their seed yield was 18. 02% —40. 47 % higher
than that of the main varieties in the region. The results of this study not only identify excellent oat germplasm lines for
cultivation in arid areas, but also highlight core parental resources for breeding new drought-resistant oat varieties.

Key words: oats; new germplasm; production performance; seed yield; principal component analysis; cluster

analysis
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W2 KL R, R RO i e AR R ®1 HAHEER

R HER K FERITEARNT . Table 1 Information on test materials
B2 = H56K K R/ BB R RLEL X 100%) PR Maeral A Tvpe i Source
Yo B = S 1A R R B/ AR RO R B X 100% CK, (#Jg  fFh Variety JU st ke 5l A7 BRZS 7] Beijing
L5 AR H A Menglong) Best Grass Industry Co. , Ltd.
K, (BH N i 5 ko B A7 A
R Excel 2021 41 6 BECIE R SPSS o e e b
Statistics 27. 0 F A U417 J7 2243 M1 \Duncan £ 5 Al Animal Husbandry Ecological Tech-
F 14343 Mt (principal component analysis, PCA) , 32 i nology Co. , Ld.
00O B IR IR R R B B Origin
2024 11 . oats) Animal Husbandry Ecological Tech-
) EEE4 nology Co. , L.
L, Bt Germplasm  fji KL & Aerospace breeding
2.1 REEREM ARG EHILEK L, 1 Germplasm 243 £ % Cross breeding
L, itk e i, 8 CK, CK, . CK, It F4# & T L, 1 Germplasm 2438 ¥ % Cross breeding
28.83%6.49.84%.25. 46, H. 5 H A 20 4> 3 & F J5i L, B Germplasm 4<% # 7 Cross breeding
WIAETE 3% 2% 5 (P<<0.05) . L, bk s A%, 12 89. 33 L. I Germplasm 2828 # Cross breeding
em, # CK,, CK,. CK, i % F W 27.77%.15.99% . I FRR Germplasm - G Cross breeding
20.66%. MZEHIRE H& M =AM N L(7.69 R Germplasm - A% S8 Cross breeding
mm) . L,(9.24 mm) .L;(8.35mm), L, 3 KT CK, Ls FRIR Germplasm - ASCHTT Cross breeding
(7.43 mm) . CK, (5.93 mm) . CK, (4.61 mm).L, " PR Germplasm - AXEHE T Cross breeding
L, Ff % Germplasm il K& & Aerospace breeding
(3.31 mm) A ZE M /), B2/ T Bk CK, L, L, Ly, Al
L, R Germplasm  Z¢%2 16 & Cross breeding
Lo B 178 JF Al 706 22 o ot (141 2) o L 415 Genmplasm 43 B Cross breeding
2.2 RAEZREMRAERTEAEES = ZEK L. FTR Germplasm 7% 66 7 Cross breeding
N [R) JHE 22 B ST B BR T SRR AR (1 e R AR L FiR Germplasm 7846575 Cross breeding
FH 25 (P<0.05) . St dk T E M F , HE44 Al B0 i L. B Germplasm 2228 7 7 Cross breeding
F RT3 5 R Lo Lo Lo Loy, HOBARR T E B RS T 5 Ly BB Germplasm ¢ 32 3£ 7 Cross breeding
g, B FEE T CK, M CK,, L bk +EAMHKND LA L, % Germplasm %%  Spike selection breeding
1.61 g, ¥ CK,.CK,.CK, 5 ik 62. 38%6 .38. 55% Fl Lig H % Germplasm 42483 # Cross breeding
8.00% . MWHMEH ™ ®EKE, L MHEN ™ & & L FitHi Germplasm - 30 # Cross breeding
(0.58 g-#k "), % CK, .CK, . CK, 4l 2 3 i 31. 820 Loy B Germplasm 72286 # Cross breeding
100% . 222.22% , L., 9 ML & 1 7= 4t % /) (0.18 g Ly Fil I Germplasm 3L H Spike selection breeding

B, WEMT CK(E3).
2.3 RF & EARAT KA TR K

AN ) 3 2 b oA R T RN AR 7 S A AR B 25 S (P<C0.05) . Hih L, iR TR K, 8 15,46 mm, &
CK,.CK,.CK, 45l = i1 27.87% .5.24% . 24. 48% , L, B Fh + K & /N , AU K 10. 82 mm, 3 CK, . CK, . CK, 73 Jl ik
10.50% .26.34% .12. 88% . WAh a1 5 , Lo R Iy o2, HAh 58 35 3 3. 36 mm, 11 Lo, 19 55 fe /N, Ry
2.27mm, 5 LM L F R T 32. 44 %60 (K1 4)
2.4 KRB REMRAFRFAFNR

AR BEFR bR, R R S R B K, R 44, 545, UL B AS [R) e 22 b T 0] & ZE R 22 AR R ZER IR R
RBUR /N, 20 A1 Y, Uk B AN [ JHE A2 ol T (8] R 2 R 1 25 A/ o 24 0 P TSP 34 R 2Rl 93,01 %0, L, &
R (98, 67%) , 58 CK, .CK, .CK 433 55 H 2. 43% .6.87% .3. 50% 5 CK,y Ly Ly B 2ERIRAK(11.33%) , B35
INF L L, Ly CK, CK,, Hh L, B9 & 2F # B i (51.33%) , 8 CK, . CK,. CK, 2 % &/  22.21% .24.20% .
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Fig.2 Comparison of plant height and stem thickness of test oat germplasms
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main cultivated varieties (controls) in Ningxia, and L,—L, are new oat germplasms; Different lowercase letters indicate significant differences among

treatments (P<20.05) ; The same below.
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Fig. 3 Comparison of dry weight per plant and crude protein yield of test oat germplasms
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Fig. 4 Comparison of seed length and seed width of test oat germplasms

353.05% ; L, M K35 br s (12. 00 cm) , 8 CK, . CK, . CK 4> F v 1 100. 00% . 28.62% .183. 69% ; L, i # K &
£ (6.00 cm), % CK,.CK, .CK, 433 /5 i 6. 57 % .16. 96 % .62. 16 %6 (£ 2) .
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Table 2 Seed germination characteristics of the tested oat germplasms

FkE R S 2 RN A

Material Germination rate (%) Germination energy ( %) Seedling length (cm) Root length (cm)
CK, 96. 33+ 1. 53abc 42.00=+14. 00ab 6.00+1. 97defgh 5.63%1. 10abc
CK, 92.3342. 52bcdefg 41.33=+5. 03abe 9.33+4. 12abcde 5.13+1. 23abed
CK, 95.3340. 58abed 11.33+1. 15d 4.23+1.19fgh 3.70+1. 39abede
L, 93.6742. 52bcdef 40. 67+ 28. 45abe 9.9341. 36abed 3.6041.47abcede
L, 98.67+1.53a 22.00+14. 42bed 9.8740. 57abed 6.0040. 36a
L, 97.33+2.08ab 27.33+4. 16abced 5.2040. 35efgh 3.53%1. 21abcede
L, 96. 33+ 3. 21abe 16.67411. 55bcd 5.37=+0. 75efgh 4.13+1.91abede
L 92.00+2. 00cdefg 20. 00+ 10. 58bed 6. 00+ 3. 06defgh 4.07+0. 15abede
Ly 88.67+3.06g 12.674+6.11d 5.37+3. 1lefgh 3.57+2.93abede
L, 97.3340. 58ab 37.33+7.02abced 7.80+1. 32bcdef 3.63+1. 57abede
Lg 88.67+1.53g 21.33+14. 19bed 3.1341. 72gh 3.4041. 08cde
L, 93.3342. 89bcdefg 37.33+6. 11abed 6.4040. 70cdefgh 5.9040. 70ab
L, 92.00=%5. 20cdefg 18. 004 10. 00bed 6.90+1. 30bcdefgh 4.53=+1. 29abed
Ly, 90.00=£5. 00efg 36.00412. 00abed 10.434-4. 73abc 4.53+0. 74abed
Ly, 89.33+1.15fg 51.33£11.02a 6.40=£1. 21cdefgh 3.17+£1. 16¢cde
L., 82.67-+4.16h 11.33+9. 24d 6. 20 2. 13cdefgh 3.60-1. 97abede
Ly, 90.6742. 08defg 38. 00+ 10. 39abed 6.53+0. 38cdefgh 3.47+0. 78bcde
L 94.6740. 58abcde 11.33+4.62d 5.7341. 68defgh 2.9341. 36de
Ly 82.33+1.53h 31.33+14. 19abed 12. 00+ 3. 60a 5.4340. 92abe
L 96.00+=2. 00abc 18. 00+ 2. 00bed 11.10£2. 43ab 5.5740.47abc
Ly 93. 00+ 2. 65bcdefg 42.67+32.58ab 2.80+1.21h 1.90+£0. 50e
Ly 96. 33+ 2. 08abc 28.00+£15. 62abed 6.97+3. 25bcdefgh 4.97+0. 99abced
L, 97.67+1. 15ab 14.67413. 32cd 7.40+0. 26bcdefg 4.97+0. 12abed
Ly, 97.6741.53ab 31.33+16. 04abed 6.53+1. 80cdefgh 3.57+0. 06abede
TR FRBCV(N) 2.41 44.54 27.60 27.58

2.5 FREEFRATFZHREF G

O Tvi) M8 27 b A AR AR R T L PR AR 25 2 )2 TR RN AR T N R) 3 AR A 2 (P
0.05) . BN 23,26 cm, Lo f i (32. 50 em) , 3 CK,  CK, . CK, i 3 55 11 39. 31% .51. 16 % .48. 40% ; 1
R AR BT T, Lo 2 90 B 28 1, G bk UM 80 K (141, 67 BE) , 8 CK, .CK, .CK, i % &5 11 185. 22% . 114.65% .
132.25% , Ly B BURR AR BSR4 39. 3380, 5 LA 22 102, 34 K7 ; I AR TR 55K &, Lo 1) S AR TR 3 % 15
iK#) 3. 72 g, 8 CK, .CK, .CK 435Il 5 i 50. 61% .24.41% .100% , L e Ml (1. 25 @) , 5 L, i A% 66. 40 %0 ; 56 4E 2
BT Ly L %S A R 8RR, 28 6.00 )2, 88 CK, L CK, L CK, 43 51l &t 20. 0024 .38. 57 % .20. 00 %6 5 8l T4 8
M5, LW TR EE 5 K,y 38. 53 g, 35 i T (P<<0. 05) HAth e 42 Fh ot , L, 9 T- AL EE Je /N, S 19. 65 g, LA L, W 3
it 96. 08 %6 s AL /INEE A T T, Lo B K (30, 33) L 58 CK, \CK, CK, 43 9l 8 1 19. 74% .33, 79% . 19. 74 %, L,
AN AR 19,33, L e Ly i 56. 91% (% 3) .

SEBRFP = R , Ly Ly Lo 82 38 5 B8 Ly Lo Ly Lo S 9 H A HE 22 F S, A48 T CK, (CK, . CK, 0 31l i 3
BT 52.71%.32.21% .66.40% ,63.17% .41. 26% .77. 80% ,50. 64% .30. 42% .64.15% , Ifi L., 1 S b5 Fh F 7
/N, 5 CK, CK, CKA 3 R RE T 16.72% .27.90% .9. 25% (K 5) .
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Table 3 Seed yield components of the tested oat germplasms
ZEs (8N B PR RERL BA PR R R AR TR (Y AN T
Material Ear length (¢cm) Grain weight per Number of grains per ~ Whorl number Thousand grain Number of spikelets
spike per plant (g) spike per plant weight (g) per inflorescence
CK, 23. 33+ 3. 20bcdef 2.474+0. 49abedef 49. 67+ 20. 55efg 5.00=41. 00ab 27.99+1. 83fghi 25.33+5. 03abe
CK, 21. 50+ 1. 74cdef 2.99+1. 41abed 66.00+12. 17defg 4.3340.58b 29.77+2. 67cdefg 22.67+7.23abc
CK, 21.90=+4. 42cdef 1. 8640. 29bedef 61.0046. 08defg 5.00=41. 00ab 29.30+0. 78defgh 25.33+6. 43abc
L, 25. 60+ 1. 56abcde 1.3140. 62ef 41.67+2.52g 5.6740. 58ab 29.12+0. 82defgh 30.00+£1. 73ab
L, 24.60+2. 81bcde 2.83=+0. 78abede 68. 33+8. 39defg 5.00=41. 00ab 38.5340. 14a 24.33+8. 14abe
L, 23.03+2. 84bcdef 2.30+1. 17abcdef 108. 67439. 63abc 5.3340. 58ab 24.90+2. 80jj 27.67+3. 51abe
L, 18. 60+4. 88ef 1.4240. 06def 65.67+17. 0ldefg 4.67+0. 58ab 19.65+0.471 27.00+9. 64abe
L 22.87=+7. T4cdef 2.58+0. 83abcdef 85.00+27. 22bcde 5.6740. 58ab 30. 17£0. 79cdef 22.00=£4. 00abe
L 25.97+2. 14abede 2.30=£0. 78abedef 80. 00+=21. 66bcdef 5.3340. 58ab 28.65+2. 8lefghi 24.67+2. 52abc
L, 16. 57+ 1. 66f 2.14+1. 58bcdef 47.00+2. 65fg 4.674+0. 58ab 25. 78+ 1. 35hjj 21.00=£2. 00be
Ly 21.37+1. 86def 3.27+0. 84ab 66.67+20. 74defg 5.00=40. 00ab 26. 24+ 2. 0dghij 24.67+2. 52abc
L, 30.10+2. 55ab 2.03+0. 96bcdef 141.67426.63a 4.674+0. 58ab 23.46+3. 28] 22.00+£1. 73abe
Ly 28.73+4. 0dabe 3.72+0. 50a 50. 00+=4. 58efg 6.0041.00a 33.1341.25bc 27.00=+ 3. 46abc
Ly, 19.9745. 66def 2.824+0. 50abedef 81. 00+ 14. 93bedef 5.00=40. 00ab 32.12+1. 22bcde 19.33+1. 15¢
| 20. 67+4. 36def 3.164-0. 83abc 78.67+27. 93cdef 5.00=40. 00ab 25.70+1. 64hij 26.33+2. 89abc
Ly 26.17+0. 15abed 2.78+0. 77abcdef 39.33+4.51g 5.6740. 58ab 32.86=+1. 34bed 26.00+4. 58abc
Ly 25.77+4. 68abede 1.65=+0. 07cdef 109. 00+ 17. 35abe 5.00=40. 00ab 25.31+2. 24j 22.67+2. 52abc
Ly 32.50+2. 26a 2.70+0. 32abedef 94. 00+ 32. 08bed 5.67+1.53ab 30. 19+ 1. 29cdef 30.33+5.51a
Ly 23.33+6. 02bcdef 1.25=+0. 30f 45.33+16.17fg 5.00=40. 00ab 28. 38+ 1. 69efghi 21.33+2. 52abc
L, 21.47+3. 17cdef 2.224+1. 27abedef 93.33+3.51bed 5.0040. 00ab 34.34+1.3% 23.00+0. 00abe
| 18.63+0. 47ef 2.0140. 72bedef 75.33+6. 8lcdefg 5.3340. 58ab 20.41+4. 22kl 24.67+3. 51abe
Ly 22.37+1. 88cdef 2.26=+0. 66abedef 114. 67+ 25. 40ab 6.00+1.00a 27.14+3. 11fghjj 29.67+6. 66ab
L, 21.63+4. 86cdef 2.57+0. 42abedef 76.00+2. 65cdefg 5.0041. 00ab 34.0641.02b 21.67+2. 52abc
L, 21. 30+ 3. 04def 2.70+0. 24abedef 75.67+10. 60cdefg 4.3340.58b 29. 48+ 1. 25cdefgh 22.00+£5. 29abe
SRFHCV (%) 14.37 29.09 19.91 11.15 6.46 15.90
2.6 TF AT ESFN 6000r
261 FEREMCHEST GRS, s N
% o 5 =3 = S
R TRE REASRZMZREERCCE  =2ae §ORE 10 SN7E 52 5iNG3
(P<<0.05); 2L 53 bk T e bk & Lo 0F 0l TR NN N&:
= e
i MR (P<0.05) s bk P bkl 23 | §
KLEE TR LA 7 RSB A R IR A %
KR (P<0.05); BB TS THE MEAS R
L IE ARG 06 2 (P<<0. 05) 5 T 55 A1 Tk B 46 55 o SN CE R EEECEETY,
R R B E R IE AR R SC R (P<C0. 05) 5 B 5 8 #¥ Material
Es5 #HilHKEMRIGMFTE

B ORAERCR B EMEIEM LR (P<0.05)  BAERF
NS AR R B EIFEMAHEKR(P<0.05) /)

Fig.5 Actual seed yield of the tested oat germplasms



5535 B 4 W Fll2F 3 2026 4F 93

KA K ) B 3 OE AR OGS &R (P<<0..05) 5 ML 8 ™ o A S B Ff 1 B 2 ) 12 R 3 IE A G G &R (K6,
P<<0.05),

PH| PH 029 056 032 0.042 0.40 0.076 0.15 0.57 -0.13 0.12 0.29 0.015 0.018 0.099 0.10 0.47 0.34 =
SD SD | 0.87  0.71 0.025 -0.17  0.11 -0.084 0.31 [-0.098 0.31 0.034 0.11  0.33 0.23 -0.16 0.87 | 0.30 BB
DWP DWP | 0.64 0.095 0.014 0.11 0.021 0.45 -0.073 0.36 0.14 -0.067 0.14 | 0.24 -0.025 0.98  0.47 .
GWP GWP -0.052-0.028-0.025 -0.24| 0.44 -0.11 0.13 -0.012-0.015 0.12  0.099  -0.15| 0.62 | 0.33 0.6
NOG NOG 0.26 031 0.24 -0.250.062 0.26 0.33 -0.020-0.019-0.011 -0.17 0.13  0.79
GR GR | 0.17 0.00450.023-0.0091-0.19 0.11 ' 0.14 -0.19 0.063 -0.084 0.065 0.44 0.4
SL SL | 0.37 -0.062 0.16 | 0.14  0.29 0.15 -0.021 0.36 0.12 0.13  0.24
SW SW | 0.12 0.047 0.20 0.073 -0.18 -0.22  0.56 0.43 -0.0073 0.12 0.2
TGW TGW| -0.40| 0.27 | 0.13 -0.14  0.19 0.48 0.54 037 0.14
0
GE -0.29/-0.17/-0.18|-0.33|-0.13| 0.17 |-0.051 0.014
EL 0.78 | 0.38  0.44 0.13 -0.00310.38  0.24
-0.2
EW EW  0.59  0.41 -0.14/-0.086 0.13 | 0.32
NOS NOS | 0.61 | -0.29|-0.31/-0.033-0.07
WN -0.13-0.14| 0.11 |0.003§
RL RL  0.64 0.26 0.080
S1 -0.063-0.067
CPY CPY 0.48 -0.8
ASY
-1.0

PH SD DWP GWP NOG GR SL SW TGW GE EL EW NOS WN RL Sl CPY ASY
6 A & R A B 45 4R 18 48 K 1 5 4
Fig. 6 Correlation analysis of different indices of the tested oat germplasm
PH: # &5 Plant height; SD: 254 Stem diameter; DWP: ¥k T & Dry weight per plant; GWP: ¥R Bk 5 Grain weight per spike per plant; NOG: #.
¥k AL %L Number of grains per spike per plant; GR: & % % Germination rat; SL: Ff 7 Seed length; SW: F F 5 Seed width; TGW: T ki #
Thousand grain weight; GE: & % #\ Germination energy; EL: ## K Ear length; EW: BT Ear weight; NOS: % {67 /N % Number of spikelets per
inflorescence; WN: 45 2% Whorl number; RL: R+ Root length; Sl: 1 Seedling length; CPY : Ml [1 7= & Crude protein yield; ASY: SZPrFh
F 77 & Actual seed yield.

2.6.2 AN[RIMER PP TR LA VI XE e A MR AR LR ZERRAE BT i AR I8 AR AR HEAT 32 A4 43T
FEAFEAA | J7 25 TR 5 R 20 A Q0 2 4 T B R I RE AR R T LAY SR, ar R IRC6 AN F2 A, B 25 Tk R A B
81.719% i F¢ T BRME B R 81. 719% o 35 — F i3 b B bk - i FIOHL AR (1 ™ i 3o (B8R, HOA R R 80000 K
0.903.0. 885, 5% — 3 Wi 43 4 46 T /N K oy 268 %o (0 ey, A R — 0. 736 55 = 3 M3 2 A 4 X (B A K
F4 i B R RREORE B0, AU R KR 0. 686, 47 DU =5 740 Hh 2 mr 4 o e K A I B R B0 0. 563, SR N
T 53 2R AT 2t Ko A B e T 2 R R R ECH —0..701.,0. 478,

IR B AT AR MEAL SR AN SPSS FF A S 2R B FMN AL I I A 7 YL YL Y YL Y Y Y LA
Sy Y, P L A R E L Y, P LA s Y R LA iem Y P LS L Y T LS . fRA Y=
(26.283Y,416.260Y,+13.971Y,+11.450Y,+8. 011Y,+5. 743Y,) /81. 719 154 , 15 i A [l Fh i 2 42 22 5 1540,
Lo A5 e i (1.913) , 24 iy e 2 iy HE 4 UF 2 1L,>1,>1,,>1,,>CK, >L,, >CK,>L,,>1L,>L,>1L,>L.>1L>
L,>>1,>L.>L,>L,>L>L>CK,>L>L,>L,(%5),
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Table 4 Characteristic value and cumulative contribution rates of the tested oat germplasm

i H F %) Principal component
Trem I 11 i IV v Vi
& # Plant height 0.624 0. 180 0.008 0.025 —0.538 0.207
25 K1 Stem diameter 0.793 —0.137 —0.383 —0.138 0.326 0.107
BT Dry weight per plant 0.903 0.068 —0.276 —0.159 0.125 0.056
bR HOKE T Grain weight per spike per plant 0. 647 —0.101 —0.478 —0.229 —0.013 0.022
Bk UK B Number of grains per spike per plant 0.266 0.023 0.686 —0.455 0.120 —0.392
% £ % Germination rat 0.140 0.155 0.379 —0.365 —0.701 0.238
i 7K Seed length 0.241 0.172 0.539 —0.042 0.275 0.472
il F 9 Seed width 0.138 0.570 0.468 0.313 0.232 —0.041
T8 T Thousand grain weight 0.584 0. 266 —0.278 0.532 —0. 356 —0.086
K 2 # Germination energy —0.230 0.305 0.077 —0.388 0.378 0.478
F K Ear length 0.559 —0. 367 0. 354 0. 403 0.253 —0.220
T Ear weight 0.411 —0.459 0.611 0.271 —0.063 0.050
AL /N AL Number of spikelets per inflorescence 0.115 —0.736 0.307 0. 206 —0.088 0.402
# 4 2% Whorl number 0.291 —0.674 0.022 0.373 0. 060 0.041
R Root length 0.416 0.716 0.165 0.283 0. 089 0. 006
H#i K Seedling length 0.046 0. 669 0.038 0.563 0.029 0. 090
HLZE A 77 & Crude protein yield 0.885 0. 044 —0.241 —0.217 0. 160 0.062
SRR F =4 Actual seed yield 0.617 0.121 0.421 —0.479 —0.111 —0.280
SHFAH Eigenvalue 4.731 2.927 2.515 2.061 1.442 1.034
J5 2% Bk 3 Variance contribution rate (%) 26. 283 16. 260 13.971 11. 450 8.011 5.743
L1 Tk % Accumulative contribution rate (%) 26. 283 42. 544 56.515 67.965 75.976 81.719

2.6.3 RESH ABER RIS BT XS 21 A M BT 34 F MM SRR 18 A AR AT R
KB (B 7)Ao g = KRR, Hoh L, Lo L R — 28, AR M Re & M 28 CK, Ly Ly Ly L L
Lo Lo Log Lis Lo Loy Loy (L RN — 28 O A P PERE P SR AR A s L Ly (L, JCK, Ly L (CK R —28, N AR = Mg
B M ZERE s b L, (LR L AT Ry R AR A XY T R
3 it
3.1 FRREEAR A F AR AR

R e A e A AR R RR Y AR AR o E R PR T R RN A Y 15 > M2 Rk R 70. 66~
117. 14 em™ s A £ P4 52y v PG 3 b DX A 1Y) 5 A 48 22 i Pl bk 85 4 88. 36~146. 15 em' ™, T FE A B 5, 21
AN JHE S 7 R T AN 3 AN T HEREZE SR BR A T 89. 33~159. 33 em, AW 5 TR A M BIF 5T 45 5L, (E AR T B g
T T LR AR b DX B BIF 9, U0 AN ] 3 22 o R AN ()t T ER S R 2 B 0 R 22 SRR, I B G AT e T R R
K25 UL KA B s A R S R T R B o RS R B, e i A, DX O R B R B A O A Y AR K
PEOETE Z2 6 UR R I AR b XN BRI XA (0 IE R R B R AR — g Rt b X K A A B
F MR T SRR AR O IE R R R T B XU TR RO R W 5] R T R0 AT AR S i A A K
FAN AR B, LR e, BE AT CK L CK, CKye I 784 J5 B & Rl e & T4 b o 0 78 43 % i He 32 7
AN T PR35 B3 o7 M R e e R P, DARE A AR 7 A R (R ) o RGO B (AR S L Ry 2R AR 2K A
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Table 5 Common factor values and comprehensive rankings of the tested oat germplasms

F1 B Material Y, Y, Y, Y, Y. Y, Y HE44 Ranking
CK, 0.706 1.063 —0.824 —0.080 0.369 1.382 0.420 5
CK, —0.632 2.180 0.181 —0.134 0.904 1. 035 0.404 7
CK, —2.042 —0.937 0.221 0.759 —1.918 —0.151 —0.898 21
L, —1.618 —1.311 0.982 2.382 0.001 2.061 —0.134 13
L, 4.386 2.090 0.595 0.925 —2.061 0.680 1.903 2
L, —0.392 —0.537 2.167 —0. 804 —0.201 0. 064 0.010 10
L, —3.520 —0.474 0.671 —0.517 —0.434 0.502 —1.191 22
L —0.069 —0.615 —0.008 0.056 —0.270 —1.324 —0.258 16
Ly —0.613 —1.380 —0.044 0.922 0.179 —1.791 —0.459 19
L, —3.434 1.407 —0.987 —0.796 —1.520 0.337 —1.230 23
L —0.092 —1.228 —2.316 —1.697 1.152 —0.759 —0.848 20
L, 3.400 1.616 3.234 —1.717 2.479 —0.812 1.913 1
Ly 3. 887 —1.679 —1.562 1. 069 0.814 1.062 0.953 4
L, 0.135 2.152 —2.403 —0. 344 0.338 —1.013 —0.025 11
L, 0.116 —0.892 —0.986 —1.690 0.975 1. 266 —0.361 18
Ly 2.044 —1.674 —2.533 2.185 0.787 0.219 0.290 8
L, —1.776 —0.226 1.964 —0.414 0. 565 —0.619 —0.326 17
L 1.221 —3.777 1.626 1.024 —0.899 —1.281 —0.116 12
L —3.564 2.186 —0.517 3.137 2.116 —1.034 —0.225 14
L, 0.616 2.853 1.668 1.251 —0.412 0.283 1. 206 3
L —1.898 —1.866 —0.368 —2.717 0.731 1. 080 —1.278 24
Ly 1.173 —1.140 1. 956 —0.368 —0.473 0.250 0.405 6
L,y 1. 896 0.837 —2.073 —1.001 —1.389 —1.056 0.071 9
L, 0.068 1. 350 —0.644 —1.431 —1.832 —0.381 —0.226 15

T AR UE o 22 18] AR 6 DG B 5 W, T 25 ) KL 200 R 2 D i WAL Pk 81 £ 8 ) 5 9 1 F AR AR . AR R R
BT, Lol 0T A 25 FF B S D L 35 310 9. 24 mm, 83 i T 5K A 452 8 B4 DL R b DX FAEL (¥ 10 /> 288 22 i il (2. 60~
4.89mm). P, 7E M B Rl FE v, 8 B PUER A 15 0 & R 7 (B HUARAE ., 6 92 B AR 7= A SR
3.2 FRREEAFRAT FFBMRE F LR

it -7 A6 B R0 E bR o B B A, A7 A R REORE B Bk R R TR R AR R s A
T B T 21 4 JHE 27 B R TR 3 A4S AR HE A2 R AR T BT R X R Ok 2412, 30~4726. 33 kg-hm ¢, W )1
VG b i FE b X DA K Bl v B v D T X R e, B S AR T S 2 R A A 1 B | X A Y e
2 BhF i (3341, 70~6328. 60 kg-hm ), Ji K AJ 6 J2 S [7] 86 22 ol o () ol 7k 32 A5 A0 A% 1 A0 SRS it 1 o A 2
JE 5 o TR R R ) AR AR, AR S R R R B R, TORLE RO, SR RN B R T
G ARBIESE R TR EE 5 AT TE P9 SR b XOR R ) R 2 2 SRR R IR R AR R 22 5 (AR AR AR DA K
HEFZ [ B 0 35 P M S B M e 2 () TRL B 25 R K . AN  FEARBF S b, 21 A e Bl R 3 4 3= 4 e 2 5 B R
K H 16, 57~32.50 cm, & F 55 2% Kk 5 B 58 10 X BE 9 17 £y 88 E R (13, 60~22. 40 cm)  {RAILF 2218 K
ZEUUAE WA DL R M IX 5 | 1E (4 18 4y e 42 i b (14. 87~35. 03 cm) , £ WA IR T 22 0% |+ HE 2 IR BE 4 - O B2 i A, if
5N AR it AR e AT EE AR AT G B, % R A Ak AR it AT 2k 450 kg - hm 7 A B S 9 A B S 2
25
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Fig. 7 Clustering analysis of agronomic traits of the tested oat germplasm

A ¥k Plant height; B: Z£# Stem diameter; C: ¥.#k T & Dry weight per plant; D B ¥k FER 8 Grain weight per spike per plant; E. 2% Fk: £
Number of grains per spike per plant; F: % 2% Germination rat; G: T K Seed length; H: #F 5% Seed width; I: T %7 # Thousand grain weight; J:
K 2 # Germination energy; K: #i < Ear length; L: # & Ear weight; M: % f£ % /N % Number of spikelets per inflorescence; N: % /f )2 $ Whorl
number; O: 1 Root length; P: #i & Seedling length; Q: #L#E 1/ & Crude protein yield; R: SZBrfpF /it Actual seed yield.

3.3 KRB &AM GF TR T AR

v 25 e S R IR 7 A= 7= g e AR A 8 A, 0 R 2 S A R A SR Y T R A, R R B
ol it e, 5 R R L RN R B RGBT TE R A BRI R R b AR S A X R A A 7 e
HORFERM K R AT 62.67%~96.00% 1 16.67%~78.67 %", Wi A ik B 19 & 2F A K& 2 0 0K
82.33%0~98.67% F11.33%~51.33% , SHI AW R A R EA Y B 257, G2 W N FAERK KT RS H R
AT B AN TR P R 14 3 4% 15 5% 22 5 4 T 02 5 00 Bl 7 1) 9 T 5 O B R 0o o8 i 559 8 T A 0 o Rl
B A Aok A e HLAE H RO R R TR R R R EE SR S e Rl R R L R S [ i BT Y 7€ A A X R
JE 05 SR AT TSR], T B 2o 1K 3 BORh 7 2 AR BRCER 25 2o i T 25 400 ) b 1 9 T i k. RO Rl H R T
VA M2 AR K R B W E 8 b5, BB A5 1 422 S e 22 B o 18] 78 2B K0 I 09 22 Sk & B AR 0 S Pk A A ) i i R
L AU AR R R, HEEAR K N 6. 68~19. 32 cm ;5 A5 S AT & LA E ALK 4. 01~14. 14 cm, T
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AT e R BT FARTF R R . S A BT R W, e AR KRN K 4 5k 3. 36~5.96 Al 5. 10~7. 56
e A BIF 5T B AR FI K (1. 57~6. 70 F1 2. 80~12. 00 cm) 5 22 A b W 5, 33 ] B 2 DA Sy 7K B ) fke 480 DA T 52
R KK AR —,
3.4 R EEAY L LA E N

o3 BT B S A AR A A 2% IR R R T R SR AR 10 S A MR SR A BT TR AR AR AR IR (T A
0 36 o A5 20 732 B o R 38 ok 5 S R o I =2 ) ) AR B 2 S e DR A T 14 o o R ol — 2K
R H A8 L JERE L, Ly Lo M9 28 SR BT B 5 st % 3 AR DG (B W 238 16 L 3R 1) L 4 3¢ B3 o ik [
YU A T R e AP R . A, A T R L L L FE Bk TS AL 1 R A O R bR AR R v ($2
A4), & W HLAE LA R 00 S H R T P 2l b S A DX SR 2SR AR AR S o 10 28 ) TR IXE
M3 AT AR 553 00 A 24 B K Y 260 mm A9 B8 R B A OG0 BRI L, (L AT AR B R e A O R R, O T B
st R0 B 4 AR bR S

4 it

AWFFH 21 DML MM 3D EMMERMETE T REXYRIERAEKER ., f 5™ & 2412. 30~
4726.33 kg+hm *, Horpr (L, (L, L W F /= &AL T8 = 7EFMa ot LG &, Hk0E L, L, L.
CKio BEHrh L, Lo LA PERE & 0 — 38, 25 G R 0 B 75 ik 56 7% 08 FE r A i p R b, iR il B 77
ST 5 b DR AR 1Y) 68 22 Fh T R L, A Ly
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