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Comprehensive evaluation of regional trials for hulless barley based on AMMI

model and GGE biplot
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Abstract: This research aimed to accurately evaluate the productivity, stability, and adaptability of hulless barley
(Hordeum vulgare var. nudum) varieties tested in Sichuan Province in 2023, as well as the discriminative power
and representativeness of testing sites. Accordingly, the additive main effects and multiplicative interaction (AMMI)
model written in the R language and genotype main effect plus genotype-environment interaction (GGE) biplots were
employed to analyze the trial data and comprehensively evaluate 14 new hulless barley varieties (lines) and 5 testing

sites. It was found that hulless barley yield was extremely significantly affected by the combined effects of genotype,
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environment and the interaction effect between the two; 1277 and Aqing 6 were both high-yielding and stable-
yielding varieties suitable for planting in Zoige County, Aba County and Songpan County. Lines 1325 and 10462
were high-yielding but stable-yielding varieties with general stability, which were ideal for growing in specific regions
of Barkam City and Zamtang County. Among the five test sites, Aba County has strong representativeness and
discrimination, making it an ideal test site for screening high-yielding and stable varieties, based on results in this
study. The study provides technical data for the selection and formulation of planting recommendations for new
hulless barley varieties on the Qinghai— Xizang Plateau and the selection of regional pilots.

Key words: hulless barley; regional trial; AMMI model; GGE biplots; stability

H B (Hordeum vulgare var. nudum) J& RAFB KEBIEY , LFRERE" " KA TR E X, A bk
PESR A RSO RLRR R T I R A DXEORE A B R BRI JE HE YA N A T R R R
1%, )14 PE AL, 7R 48 100730 —104°27 AL £ 30°357 — 347197, "F- ¥ 14K 3000 m |, Ja§ fof J5 FE I At < o B
W AR TR A R RO 1AM, S T A T AL RO 16 M [E A R RN 3R R AR S R G AR AR IR AR T, B A A bR
— 3 MBI AR AR 7.7 7 hm?, RN thAE B 10 B (), A MR B G AR R Y 16. 5006, H BRSE
BRF- 2977 B ARy 2250 kg-hm ™, P= A AR R MR THAS 0], B F @ 7R LR A 2B R R 0 7 BT Rl
W 23 A DU A v AR A B e A AR BT o A 5 R R R Y R T R R B TN B v A R N A
Y T DX 33 56 RE AT 5075 WL DY A ot Ao ) e 2 ™, SRy e DX AR B B 7 BR A A R 2 4 AL 1 R

DX 0 2 255 A il o = 7 e R P A P ) S 2H R 43, S S R R R S o M T B
B B SR SR U Y AR R LK A BT DX IR 2 R, R MR A R AR R G B
EAMALN ISR . B an, e =800 Fs LU E /E ROV (additive main effects and multiplicative interaction,
AMMI) #E Y D R 5 PR A = 580 17 1 5 DR 78 55 34455 A (genotype main effects and genotype-environment interaction,
GGE) BUbR B FE 43 BT b B i) =F 7 M ™= P e ad Ik A8 3012 i, A A 25 A58 A0 248 Pk [l 5 A5 78 43 A B
R BA R . Horb , AMMIEE By Gauch 55 4t 76 Ab 21EE R 280 030 358 1) B B 38 05 22 43 A1 (analysis of
variance, ANOVA) Fll & .53 43 HT (principal component analysis, PCA) A1 454G, B8 LA —Ff 85 k4 i HL& W) 7 2
Xt b R S P R MR AR AT SR A VA S SRS R SR M BAE RN . Yan AR I GGE WU bR
B 284 PEAl T 2 KR 32 2000 (main effect of genotype, G ) Fl 3 (K 1 5 38 55 (4 B /E %00 (interaction effect between
genotype and environment, GED'"", REAT R0 X & Bl 2 a5 DA S AR 25 DX Rl 43 6 AT 0P, 2 43 AT DX 383 56 25040 1) 2
HOIEN S R AMMIEE BV GGE XUbR BT 256 40 BT, B B8 B0 2 o Hb 43 A7 i 0 1 7 22 532 B3 A 9 IX 43
Ty AT LA — S AR S 0 A A DX P i g (AR M A A e DT R 4 I D

H AT, AMMI LR A GGE XUs I B 78 KRS (Oryza sativa) ™\ T K (Zea mays)™ /N (Triticum aestivum)™
W3¢ (Fagopyrum tataricum) ™ K 5.( Glycine max )™ . ## (Avena sativa) S5 VEY 1 S A X b )2 B L B3z
FH AMMI 5 GGE BUbx B8k G 43 01 3 BRI SR 58 1 A #2820, &1 6 5 6 s B 75 BR 8 Fh 255 VR 0 1 BF 5 T
R EEUL . AWFFEA T R1E T t AMMIE AL GGE XUbR B G 43 B 2023 45 79 1148 75 8RBT i Fl (3R IX Bl 59 45
LA TN Sl i A i 7 v e M R R R XA ) FARER M L B TE 7 R TR RO AR A AN S R
FRUE )™ TAE SR BERL A 08 A B IE S8
1 #MHBE5FE
L1 X3t

AR S8 SR 5 T DU )1 48 2023 48 B2 7 BB i Al X BRI A5 R . S R A (R ) 3R 144>, 40 512 QK2022-
16(G,) \QK2022-17(G,) .QK2022-19(G;) .QK2022-20(G,) . 1277(G;) . 1282(G,) . 1325(G,) . 10450(Gy) . 10462
(Gy) \13-1036(G,o) BT 645 (G) JETT 17(G,) JETF 2000(G,,) BT 3000(G ), Horpr B 6 57 (CK,) Fl“ 13-
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Table 1 Basic information of 5 test sites

IR TR W2 R B AE Uik TR ROk
Location Location name Location geo-  Location alti-  Annual aver-  Annual pre-
code graphic coordi- tude (m) age tempera-  cipitation

nates ture (°C) (mm)

E, By SUUI 8 L k2 B AR BF 52 BT (5 JR T ) Aba Tibetan and Qiang Autonomous  31°53740” N, 2585. 90 9.9 460.7
Prefecture Institute of Agricultural Science and Technology (Barkam City) 102°07'51" E

E, 7R a5 BB AR R B BOUR AR Bk (5 /R 35 B ) Zoige County Science  33°41'33" N, 2841. 40 6.6 509. 8
and Technology and Agricultural Animal Husbandry Bureau Agro-technical 103°24'54" E

Station (Zoige County)

E, HEyE LR AR RO F MO (JE 35 ) Zamtang County Science and Tech-  32°04'30" N, 3280. 50 7.1 407. 2
nology and Agriculture Animal Husbandry Bureau (Zamtang County) 100°58'57" E

E, oy 301 LA 2 5 AR A Al B K 55 R (BT 318 ) Aba County Science and Tech-  32°55711" N, 3261. 40 5.3 663.9
nology and Agriculture Animal Husbandry Water Bureau (Aba County) 101°40'09" E

E; WA BRL A B AR A B HUR P T 35 (M4 3% £ ) Songpan County Science and  32°51740" N, 3081. 00 6.4 638. 2

Technology and Agricultural Animal Husbandry Bureau Seed Station (Song- 103°39'09” E

pan County)

1.2 R

D0 )11 28 7 B it i DX 33 6 5 3K A 349 7™ A e B (2023 4F 10 )11 48 5 B Rl (3R ) X 90 S0 7 48 ), T 45 & NY/
T 3923-2021 4R A4 it Rl 36 HESE R £ 19 ) 1 b o A 2SR 4T A0S0, SR BB AL IX 4503, 3 IR E & L /N IX
EFL 20 m*(2 mX 10 m) 478 25 em, 474 10 mo [R]— 120 45025 S 3 it ol [ 359 66 b, PR i) 22557 3E K OF W6 v T >4 b oK
A WAL EI H 5 hREHE BENY /T 3923-2021 4 A Py it Rk 40 MEYE R B R ) = 1 ZOR BT, 25 15 0K
50 3o AR v Y B A2 7 2 R MG — A AT ARG Pl S T ) B R N DR BR IR 7
1.3 #BAase

K Excel 2019 X B4 #5475 BEAN 2387 , A R 35 5 2 B9 Agricolae” 6 f1“ GGEBiplot GUT” 4 #E 47 X (1
507 SRR 19 05 25 43 B L AMMIB B 43 87 il G GE BUbR 81 98 1143 #7

AMMI 250 Sy

Ye—=p T a,Tp.+ 2/1,,}/5,,,6“,,, + 0, + e,
i=1

ey, MRBE KA g TERF € BB e T Y™ i R . RS BUE AR « p AR A WEIAEL 1) - 22 77 5, o, Ry 3 ]
T RO, A e 5 DR RS g REORT T e 0 i R 5 B, R PR AR, R T IR e AH Y T e I SRR B A IS8,
R n A E AT B RFEAR , B A% T A X R R S 0 TR 5y, RS, 0 R B A 2 T B R PR AR AR ]
FNERBERRAE 0] 8 (8, 2L (R H R 1 36 PR B 55 PR B 7002 4 T ) b R 5 0, R Bk 2% L 3RS R B R 4 i R 1 R
5 e, MIRRIR 2 .

Fa s M 2 500 2 SRR Bl 3R BE 10 HAE 3 49 (interaction principle component axis, IPCA ) 7E £ 4 %5 ] N #E Ji 55,
R B R VAR o R R E ME O BE IX ) i EE AR AR . HABC AU
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;(IPCA);

D.= |N(1pcay’

i=1

P TR I8 B W KO IPCA A4 D5 D43 590 3R i Bl R IR 358 0 B M S 400, Ry SE R R s IR B 7 A4S 3
IPCA E R R
GGE XUbr Bl B 2R M e T B AL
Yo=p+ B+ 20,7000+ 0T €
Kb Y, ML g FERRE BT e AR r N E R A R R . MR T AMMIBLE  GGE XUbrR BRI 5 R 4 o0 £
B A A 22 500 X, A8 4 6 R A X3 7 e R I e 5 1 0 R 1 B GG E AR b () 45 B T R X L AR
FE S AT E2 5 00T

2 HBRESH

2.1 AMMIR 57 4& R

2.1.1 HFRREFNCR) 78 7 25 50 B i AMMI A 2 53 A K 2508 (ANOVA) 5 AMMIA R, X} 14 4~
B AR (RO AE 5 AN R 50 5000 7™ it B d 0t 1 ,/Tméiﬁfr/%ﬁ(%%z) HRE R EZFREA(G) B (E) K&
Wi 2Z 8 B AERON (GED) 52, 3535 BI04 S 2 1 g8 it 2 3 S0, i — 2D U B AN TR)  F (R ) 78 7 i 3R B L0 0 3 22
o Ho  BREEAR SRR S Y BT R R ik 46, 694,%5’4.1?9@%!*”50 10.09% F1 KL PR 5 ¥R 55 22 B AR FH 1
23.85% , Al WL I SRR AE R b o E AR . IR ARSI R BRSO 35 v RS T M, R F AMMI
B AL 43 il AR RN S 7 AL A5 3 3 A 3 B9 BAE 32 43 (interaction principal component axis, IPCA) , IPCAL,
IPCA2 Fil IPCA3, 43 5 i B¢ 52.80% . 20. 28 % F1 15. 31 % 4k B &% W, nl ff B¢ B B /EAF 53 A9 88.39% , i B
AMMI Y LY 30K i 1A B 1 o A A28 9 B AR R0 A5 B, 3 B ANOVA G387 19 Ja BR P, 38 B 4 oo B 1 45 Bk
A Pk

®2 BEREM(R)FEFESHIAMMIER 547

Table 2 Hulless barley varieties (lines) yield analysis of variance and AMMI model analysis

AR S R U EREEN: 3 -5 Al 5 FH i S5 5 SS ] Proportion
Source of variation Degrees of freedom (df) Sum of square (SS)  Mean square (MS)  F-value of total variation SS (%)

5% Environment (E) 4 742.71 185.68 38. 46k 46. 69
X 2H Block 10 48. 28 4.83 2.41* 3.03
F A Genotype (G) 13 160. 47 12.34 6. 175 10. 09
3¢ A ] Interaction (G X E) 52 379.48 7.30 3. 65%%% 23.85
IPCA1 16 200. 35 12.52 6. 26%%* 52.80
IPCA2 14 76.96 5.50 2. 75%x 20. 28
TPCA3 12 58.10 4.84 2. 42%x* 15.31
5% 2% Residual 10 44.08 4.41

1% 2% Error 130 259. 89 2.00

S AE 5 Total variation 209 1590. 83 7.61

ok ki BILR IR TE 0. 05,0, 01,0. 001 K25 5 3 . *, %, %% represent significant difference at 0. 05, 0. 01, and 0. 001 levels, respectively.

2.1.2  AMMIFE R 53 Ay 238055 B Bl i 4207 1 RS P Rl s /9 X 20 g T HAR AN 200 B Rl
(F8) 5 2% 10t 18] % 5 AR ORI, LLSF- 249 7 da Oy il e 8 26 DR R0 45 B 58 B A R0 52. 8006 19 TPC A g 2 il 22 il
AMMIAERDSURR B (1) o 2l Bl A A A s (655 G 2 7 18 0 B AR A O, DB, 7= 9 T Ml o 0 4
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X 43 Sy it o 25 9 R, X 43 1 i 1 XGRS AR I
E,.E,.E.

BN IPCAL H 5 Iy B 3% 32 i oyl 248
519 52. 80 %, AN & L 42 T 8 7 Bl 5 A8 ) A 52 H
YER R BULL TPCAL %ﬁ%fﬁh IPCA2 9\ 5l ) AMMI
XUbR (& 2) o] e al fig B ik 73.10% B9 G X E 58 B
YR, B0 250 Hb X i 10 e e R 1) X4 g
R [N R S 7 o L 7 VA . < B R SR 719

AT R BT, 22 PR B R A A D s T
I AR R, AN R] R X 4 RS o nT LW
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R E B X B . LR DL R g R R R
(75 R A Bl R 1277 (GL) FI10450(Gy) | X 43 J1 85 8- Y
XA A s B () M B (E,) .

2.1.3  HRRaFRE M S A X o b ik —
S BRI PR AR O ik AR T R B AR S
(D) LA B AR g0 X 43 1 2 80(D,) | 3l 3 115345 il i 5
R 5 7E £ 4 fE (principle component values, PC) HE
BN 5 S ) ARG B B ok S . D AR b i i S
T e P 1 O B PR AR A L BB B /) R IR R TE
B Mok b RIS E R TR 2
) it B 55 PR 1] 52 2% 9 B AR A0 1Y) 52 ) TR R 22 b
F 5 A B 0 8 15 e LA B A B8 3 3k 4% 1 T D 52

gER R (R 3), Fr- g SRR G, G, G,

IPCA1 (52.80%)
s
Q

6 7 8 9 1'0 11
V77 & Average yield (kg-20 m )

E1 AMMIRESHSKRMHESE REERKAME
A

Fig. 1 The yield ability, stability and discrimination of the
tested varieties were analyzed by AMMI model

IPCA: H{E F 54} Interaction principal component. E, \E, E, . E, . E {K
WARTR R T AR H B R B BT MR B, GG, Gy Gy
G5 GGGy Gy G oGy n G o Gy G R R 375 QK2022-16,QK2022-
17.QK2022-19.QK2022-20,1277,1282,1325.10450, 10462, 13-1036 .
Bl 65 M 17 G 2000 5K 3000, FIA. E, E,, E,, E, and E;
represent Barkam City, Zoige County, Zamtang County, Aba County,
and Songpan County, respectively. G,, G,, Gy, G,, G5, G4, G;, Gy,
Gy, Gis Gy Gy, Gy, and Gy, represent QK2022-16, QK2022-17,
QK2022-19, QK2022-20, 1277, 1282, 1325, 10450, 10462, 13-1036,
Zangqing 17, and Zangqing 3000,

Aqing 6, Zangqing 2000,

respectively. The same below.
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Fig. 2 AMMI model biplot based on the first two interacting

principal components
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®3 SEBEREM(R)FE IS ERBEESH(D,)

Table 3 The yield, principal component values and stability parameters (D,) of hulless barley varieties (lines)

i T LW RSN D, HEF P

Variety Average yield Principle component values Stability parame- D, rank Yield rank
(kg-20m ?) PC1 PC2 PC3 ter (D,)

G, 8.60 0.383 0.327 —0. 346 0.61 2 11

G, 9.66 0.701 0. 044 0.435 0.83 4 6

G, 10. 00 0.226 0.976 —0.107 1.01 7 3

G, 9.45 0.389 1.016 —0.492 1.19 11 9

Gs 9.96 0.182 0.036 0.848 0.87 5 4

Gy 9.90 1. 566 —0.333 —0.806 1.79 14 5

G, 10. 23 0.268 —0.857 0.232 0.93 6 1

Gy 9.61 —0.078 —0. 350 0.222 0.42 1 7

Gy 10. 04 —0.607 —0.956 0.008 1.13 10 2

Gy 7.09 —0. 246 0.681 1.278 1.47 12 14

Gy, 9.57 0.564 —0. 587 0.028 0.82 3 8

Gy, 8.84 —1.009 —0.417 —0.128 1.10 9 10

Gy 8.09 —1.536 0.298 —0.463 1.63 13 13

Gy, 8.48 —0.803 0.122 —0.708 1.08 8 12

x4 BERREANTE.EHNAERREESH(D,)

Table 4 The yield, principal component values and stability parameters (D,) of the hulless barley regional test sites

780 27 ik FE W FETEZ R D g5
Environment Average yield Principle component values Stability parameter D, rank Yield rank
(kg-20m ) PCl PC2 PC3 (D.)

E, 6.06 —1.323 0.665 —0.899 1.73 2 5

E, 9.90 0.679 1.412 —0.245 1.59 1 3

E, 8.31 —1.744 —0.911 0.661 2.08 4 4

E, 11.27 1.378 —1.331 —0.979 2.15 5 1

E. 10.70 1.010 0.165 1.462 1.78 3 2

— F 43 (first principal component axis, AXIST) FIZ\ Al 25 — 32 )i 73 (second principal component axis, AXIS2) 43 Jjl]
TUHR 1 51.47% .21, 83 %6 (78 S F-J5 Fl, DI B R R 3k 73, 300 WY BRSO AR 3) o i A A Sk Y 2k B Al

27 - 49 35 855 il (average environment center, AEC) B 25 & ¥ gk , D45 i ) AEC 2 3 2k pr 45 2 19 28 4
B A R R EOAE AR . AL T AEC IE J5 ] BY 28 a5 3R BT AR Y 7 i TR 1 2 7, HLBE R Sk
A 7 1) 77 i R UK Jeh 3 5 2 22, A8 R T AR B0 [ ) R B RGP AR TR i P 2 7 . SR A FE AEC B AR bR E
BB 7 T2 7 AR AR A A S R R B A ) 7 7= i A 3 25 S o A5 AR R e b R PR R AT B AR (R )
KKK G7 .G Go G Go, — BN G2 G G GG, BEZE TN GG G Groe. BN P (F0) 31 AEC B 3 ELIE
B R R E@E’Jﬂé%&uﬁ B g B RS, PR R R A 1 R G Gy G G — BN G, .G, G, Gy,
BEMN GGG G Goo Ho G, Gy G BERETE A 7] DXt 249 0R 455 550 g 1Y 77 b, SCRE 2 355 AH 0 A 1 7
R B 5 7 SRR 5 G Ry =R 77 P — BB R  E B 1  of 5 Go D Gy kg = 7 (LRGP 1 AR R A 22 10 o R 36 B A
FEE WA S IREE T R AT
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