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Evaluation of adaptability of naked oat varieties in the alpine region of North China
based on the AMMI model and GGE Biplot
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Abstract: In order to comprehensively evaluate the productivity, stability and adaptability of varieties of naked oats,
as well as the discriminative power and representativeness of testing sites in the alpine region of North China, data for
six naked oat varieties and six testing sites in 2019 were analyzed and evaluated using the AMMI (additive main
effects and multiplicative interaction) model and GGE (genotype main effect plus genotype-environment interaction)
biplot. It was found that analyses of naked oats regional trial results using the two methods together reduced the
statistical error and increased the ability to declare variety means significantly different, compared to traditional

ANOVA methods. It was found that genotype, environment, and genotype X environment interaction effects all
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contributed to differences in grain yield. Variety 200910-28-4-3(G,) showed the best performance in both grain yield
and stability of yield across sites, followed by varieties 200910-5-2 (G,) and 200910-22-1(G,). In terms of the
selection of regional adaptability test sites for varieties, Ulanqab pilot in Inner Mongolia had both good
representativeness and strong discriminability, and was the most ideal test site. Chongli Shizigou Seed Farm and
Zhangbei Base were also comparatively good test sites. This study provided a scientific evaluation of methodology
for performance testing of naked oat varieties in the alpine region of north China and the results basis will assist future
breeding and promotion.
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Table 1 Regional sites of the oats varieties regional trail in 2019

9 R 56 b 45 Z0%  Alt AAT APP ST SF PC WTWTS
Code Location Longitude Latitude (m) (°C) (mm)

E, HfH R Kangbao Seed Farm 41°22'N 114°35'E 1391 2.6 347.4 CS UM [44% Whitetea 0 2
E, 4%l X738 K F 3% Chongli Shizigou Seed Farm 41°07'N 115°24'E 1472 3.7 483.3 CS MU W Jfk Flax 0 2
E, W% 13 224445 Ulanqab of Inner Mongolia 43°14'N 117°42'E 1413 4.4 384.0 CS M i Jf Flax 1 2
E, M5 KAMFifE Taibus Banner of Inner Mongolia 42°06'N 115°42'E 1425 2.3 387.2 CS M Wi Jf Flax 0 2
E; ARFET A ARl B Chengde Academy of Agriculture and Forestry Sciences 40°57'N 117°51'E 350 4.9 435.4 ABS M D4 % Potato 1 2
E, K% 1T ik b 3 s Zhangjiakou Zhangbei base 41°08'N 114°45'E 1450 6.7 376.6 CS M 5.2 Bean 0 2

Alt: 4R Altitude; AAT : 43 Annual average temperature; APP: 47K &t Annual precipitation; ST: +J5 Soil type; SF: #77 Soil fertility ; PC:
HiI #EAE W) Previous crop; WT: $E7K K%L Watering times; WTS: "R 5 4L Weeding times; CS: ¥45 1 Chestnut soil; ABS: {#l#53 Aquic brown
soil; UM: % Upper medium; MU : 14§ |- Medium upper; M: 115 Medium.

1.2.2 K@it R HBEPL XA S, 3 A, /D IX I 13, 33 m?, 6 47 X, 478 30 cm , B #& 4 &40F 1 30
T (4. 5X10°K7 ~hm *) o A 3 5 2 7™ A% 19 18 X 3 06 7 S8 EA T3 00 18 T Rk % 45 B R AOAR 45
1.3 HHEp AR
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# % B 3k A (genotype ) \FR85 (environment) LA K — 3 52 B E H] (genotype X environment) B 52 i . PREE L A8
S J5 AU e Sy 75,16 %, 8 B T B AT, AR MR B AR R B 1 A2 B T (8. 7006 ) i PR A A%
(8.12% ) Z&HAEJH H Lk 181 V3 53 B A802E — 26 4 i, WK Il 091 6 BT [l 0 R BRI [l 0 &3 Mg 6 1 40. 23 % I 28 1.
YER M5k 205 A 59.77% . R I AMMI 8 BURE 52 5 A J ik — 28 70 i o 340 18 2 19 B A &0 32 0 2 b
(interaction principle component axis, IPCA) , 43 5l 5 B /E & [ #9 55. 83% (PCA,) . 23.61% (PCA,) il 16.20%
(PCA,) , HLf# B T 95. 64 %0 1 HAERU - J5 il
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Table 2 Analysis of variance, linear regression analysis and AMMI model of grain yield of the tested varieties
i H A5 AR £ 97 ¥ 743 [t Percentage (%) F 1l S
Item Source of variation Degrees of  Sum of square  Mean square s 22 AR F-value Probability
freedom (df) (SS) (MS) Of total variation  Of interaction
T3 2E 53 1T KL Total 107 115157222.60  1076235.73 — — — —
Analysis of H: A Genotype (G) 5 9355416.04  1871083. 21 8.12 — 14. 59%* 0
variance ¥£ 35 Environment (E) 5 86549103. 10 17309820. 62 75.16 — 134. 98** 0
BEHAEH GXE 25 10019505.21  400780. 21 8.70 — 3.13%* 0
RPEIA ST G Joint 1 1151335.44  1151335.43 — 11.49 8. 98 0. 0037
Linear regres™ 3£ Genotype 4 524340.63  131085. 16 — 5.23 1.02 0.4018
sionanalysis  grgg Enyironment 2355814.83  588953.71 - 23.51 4.59%%  0.0023
%% 9% Residues 16 5988014.31  374250. 89 59.77 — -
AMMIST  PCA, 9 5594690.29  621632. 25 55. 83 5. 71%x 0
AMMI model  pCA, 7 2365961.21  337994.46 23.61 3. 10%* 0.0064
PCA, 3 1623317.70  324663. 54 16. 20 2.98* 0.0168
5% 2 Residues 4 435536.00  108884. 00 4.35 — -
#, P<<0.01; *; P<<0.05.
2.1.2  AMMI BB X0 A5 & 40 07 2 Fa iE 1 2 8 0 -
3 i 8 V2 M 2 Bl 1 R RL T B (8 DPS ol 6=
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Fig. 1  Analysis of high-yield and stability of the tested
cultivars and discrimination of regional sites by biplot of

AMMI model
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Table 3 Scores and stability parameters of the tested varieties in the principal component axis with significant interaction

i il Sy 7= Average H{E W4 Interaction principal component RS Difiiik FERALIR

Cultivars yield (kg-hm %) IPCA1 IPCA2 IPCA3 Stability parameter Di rank Yield rank
G, 2388.71 8.673 21.409 12.177 26. 11 4 6
G, 3317.83 —10.598 —3.660 —11.422 16.01 2 1
G, 2991. 88 1.939 8. 005 —16. 584 18.52 3 3
G, 2887.42 0. 469 —1.287 —1.439 1.99 1 4
2660. 58 23.987 —17.296 4.719 29.95 6 5
Gy 3041. 17 —24.469 —7.172 12.549 28.42 5 2

F4 REARERENEEEIRSBENBIRBEEUSH

Table 4 Scores and stability parameters of the trial locations in the principal component axis with significant interaction

X3 By HAE E 43 Interaction principal component FUEMESE Di ik PR
Regional sites  Average yield (kg-hm ) IPCA1 IPCA2 IPCA3 Stability parameter ~ Di rank Yield rank

E, 2996. 67 —3.147 18.727 —3.752 19. 36 5 4

E, 3000. 00 —16.061 —8.636 8.873 20.28 4 3

E, 2680.42 —12.758 1.972 —17.953 22.11 3 5

E, 3142.50 26.878 —11.481 —8.355 30. 40 1 2

E 1212. 67 12.535 12. 494 14.213 22.70 2 6

E; 4255. 33 —7.447 —13.076 6.974 16.59 6 1

2.2 R amAr K 589 GGE A7 B 97
2.2.1 Bk R E RS A SRR
S P GGE Biplot™ 8 F 43 %t 6 /1 HLaE 2 2K 5 b G,

1000

A6 AN SEAT T A0 BF A T o 7 5 R 1 3 Ssoof
BT AT BT Sk (1 T 28 2 7 B PR B i, 5 S 45 1ol 119 g ‘
i 1] 8 X I B A S RS R R A TR . SR 2

<

FE V- X 05 il 04 4505 B BT Sk A 1) 5 1D O
JE R o R T R 2 TA] A R R U 2 A Ao

1
1
1
1
1
1
1
1
1
1
1

0

FoE MR AF o AR SEH Y GGE XU B 25 53 B oR -al¢

(&1 2) , GRS Ak bR 2 B T 86. 80 %0 1Y) 34 1 A 6k [ 500 500 1000
W5 H AR S A5 B o B AR AR (AXTS1)68. 39, AXIS1 (68.39%)

WA AR (AXTIS2)18.41% . F =4k 7 i L G, 2 B &L 1 | B2 GGEW#rEM“Er=E5R~14E &

o Fig.2 Productivity and stability view of the GGE Biplot
HoB a7k B R G B2 VD5 1, G R B 4, K

72 G, Gy, G 2R G RIS

2.2.2 MUAHGF AT ARG RN AR AE DR A TR R M B R A P 3 AR R T Re 1R, LA
S 187 B il A7 S T AE 0 A (B o e AR T AE A R S RO BGE . G e B R R G, LGl
2.2.3 BRI WA X BOE T B it GGE XUkR B A < WA i 76 T L D BB PR (R 4) Sk M 5E
10 DX 3ok 3 I M o 7R B T RN P R T % B R s R SR R — A 2B Gl R R4 I I R R
A 25 T 30 43 14 Bt DX R Ry B 6 A5 PR A 4 TR T AU SRR (R 3 A IR A . AT 2 TP A X BTN
ASCH R 5 5 K PR B O S RO AE A R . S5 OR VE M EJE T IR — MR IR 2T G i M
58 E, E M EJ& T — MG 308 T, G il M i E SRR il — M B0 R 8, G R IZ IR N - e



%31 B 12 Fll2F i 2022 4F 81

1000 | 1000
= G, &
S 500 f ’ =500
< <t
N I
et 2N — &
> R £/ I \ W\ E. _E. | >
< 0 & ‘3 < 0
i
: E, By
i
-500 : -500
! .
: G"l 1 GI 1 Gbl 1
-500 0 500 1000 -500 0 500 1000

AXIS1 (68.39%)
E3 GGEXW#rEH“EHE M I EE
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