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Abstract: The northern winter wheat region (NWWR ) is one of the main wheat producing areas in China. A
retrospective analysis of the nationally approved wheat varieties will facilitate rational utilization of wheat
varieties in the region. Genotype by yieldxtrait (GYT) biplot analysis was used to cluster and evaluate 47 wheat
varieties that were nationally approved for NWWR during 2003-2023, based on the combinations of grain yield
with other target traits including maturity date, spike number per hectare, grain number per spike, 1000-kernels
weight, test weight, quality index, disease resistance index, and cold resistance index. The results showed that
these wheat varieties could be classified into four distinct variety types. Type I includes eight varieties, i.e.

Jingmai 179, Jingnong 16, Jinmai 3118, et al, characterized by outstanding performance in the combination of
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earliness, disease resistance, cold resistance, 1000-kernels weight and test weight, and good performance in the
combination of yield and spike number, grain number per spike and a quality index, and which showed the
highest value in production. Type II varieties comprised of 13 varieties, including Jingmai 202, Jingnong 19,
Lunxuan 158, et al, characterized by superior combination of yield with a quality index and spike number, but
slightly poor combinaiton between yield and disease resistance and cold tolerance. These varieties are valuable in
wheat production in the region as soon as diseases and winterkill are under control. Type III varieties had the best
combination of yield with disease resistance and cold resistance index, but were poor in combination between
yield and other traits. Therefore, their value in production is limited, but could be used as disease-resistant
parents in wheat breeding. Type IV varieties were poor in overall yieldxtrait combination; but some may be
outstanding in a single and can be used as breeding parents. Based on the projection position of each variety on
the average yieldxtrait axis (ATA) of the GYT biplot, Jingmai 179, Jingnong 16, Jinmai 3118, Jingmai 189,
Jingmai 202, Jinghua 12, Jingnong 19, Lunxuan 158 and Zhongmai 623 were identified to have superior overall
yieldxtrait combination. This study provided reference for the use of GYT biplot for comprehensive wheat
cultivar evaluation and classification based on yieldxtrait combinations for the NWWR, which can be applied to
other crops and regions.

Key words: wheat (Triticum aestivum L.) ; variety approval; variety type classification; multiple traits;

genotype by trait (GT) biplot; genotype by yieldxtrait (GYT) biplot;northern winter wheat region
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Table 1 Main characters of wheat varieties nationally approved for the northern winter wheat region in China

during 2003-2023

Ve

e Ry TR B U SUR R A
Code Variety Hfy (kghm®)  (d) ) (g) (g/L) KPS T FaEL FREL TR payill
AY Y GP ES TKW ™ DRI CRI QI SI Type
GO1 k987 2003 6836 260 697.5 40.2 792 30.0 3.00 12.50 0.76 -0.53 i
G02 A 207 2003 6274 259 633.0 41.2 778 29.4 2.33 17.50 0.83 -1.06 111
GO03 k45 2003 6518 260 645.0 35.0 780 36.0 3.50 17.50 0.82 -1.14 v
G04 b4z 9549 2003 6095 260 605.3 45.1 775 28.0 3.33 17.50 0.82 -1.54 v
GO5 A2 2004 6158 258 666.0 41.6 772 295 3.50 12.50 0.99 -1.13 11T
G06 k4564 2006 6676 256 636.0 36.0 768 34.1 3.33 12.80 0.83 -0.79 111
G07 £ 4738 2006 7130 262 571.5 45.0 775 324 3.67 19.60 0.80 -0.74 v
GOS8 1T 2007 6824 251 594.0 413 789 34.1 2.67 11.90 0.93 -0.26 11T
G09 kS8 2007 6553 253 598.5 37.4 774 34.6 2.33 15.30 0.86 —-0.68 11T
G10 HA22 2007 6505 251 612.0 40.2 794 314 3.17 9.90 0.97 -0.57 111
Gl1 TAEY = 2007 6273 250 596.1 42.6 803 29.6 3.00 10.60 1.18 -0.65 111
Gl12 175 2008 7375 251 682.5 41.0 804 31.6 2.83 14.35 0.80 0.04 11T
G13 A% 825 2009 7071 248 612.0 38.2 804 37.0 4.00 16.20 0.81 -0.60 v
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F1(4)
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Code Variety A4y (kg/hm?)  (d) ) (g) (glL) KPS HAL R VG (51 BHC

AY Y GP ES TKW  TW DRI CRI QI SI Type
Gl4 HE15E 2009 7051 252 651.0 39.2 765 324 333 1580 080  -0.57 v
Gl15 HE 105 2010 7142 250 598.5 39.6 795 356 3.67 1515 079  -0.50 v
Gl16 A 18 2010 6965 249 637.5 4.3 796 317 367 1635 081  -0.66 v
G17 415 2010 6740 249 602.3 372 813 348 367 1493 080  —0.87 v
G18 205 2011 6624 250 592.5 382 795 33.1 367 1590  1.04  -085 v
G19 k816 2013 6987 256 660.0 403 793 320 333 1810 086  -0.61 v
G20 HA 6 2013 6945 254 607.5 482 801 30.3 3.00 1720 096  -0.41 v
G21 KK 5181 2014 7361 253 666.0 43.0 766 204 300 1340 083  -0.04 I
G22 ik 169 2014 6878 255 648.0 40.6 789 313 317 1590 090  -0.59 v
G23 AT 2014 6326 256 594.0 43.4 780 29.5 250 1860 135  -0.67 v
G24 Wi 1062 2016 7085 253 7125 39.0 772 30.3 3.17 1585 095  -032 v
G25 Wiz 247 2016 7015 253 726.0 39.2 754 28.6 2.50 14.50 0.85 -0.24 I
G26 HAENE 2016 6918 254 694.5 44.8 769 273 267 1570 091  -035 I
G27 sE125 2018 8324 251 604.5 47.6 800 320 300 1470 084 0.91 I
G28 K 3486 2018 8300 252 633.0 41.9 809 328 300 1550  0.80 0.77 I
G29 fii 4 2566 2018 8308 253 519.0 46.9 789 37.3 3.00 1630  0.83 0.76 I
G30 93 2018 8153 251 615.0 43.7 819 322 2.83 1710 0.77 0.61 I
G31 6794 2018 7958 252 577.5 413 800 359 300  17.10 097 0.53 I
G32 179 2018 8864 253 585.0 47.0 810 384 300 1400  0.89 1.64 I
G33 HAE 3118 2019 8610 253 670.5 45.6 810 309 3.00 1255 0.76 127 I
G34 HUA 183 2020 8222 250 646.5 429 795 348 367 1520 087 0.68 I
G35 LA 186 2021 8140 250 565.5 48.1 792 359 367 1860 093 0.52 I
G36 AR 14-62 2021 7952 250 616.5 45.8 800 32.5 3.67 1710 0.86 0.30 il
G37 hiZ 121 2021 7903 249 649.5 43.4 802 315 3.67 1670  0.86 0.25 I
G38 BBk 149 2021 7850 249 616.5 39.9 798 35.1 3.33 1730 0.92 0.29 il
G39 A 189 2022 8724 257 564.0 439 804 38.3 3.33 1450 091 1.26 I
G40 A 16 2022 8583 257 684.0 45.6 821 300  3.67 1040  0.88 1.37 I
G41 A 202 2023 8860 261 609.0 46.7 794 368  3.67 19.10  0.84 1.08 il
G42 HR 19 2023 8512 261 664.5 45.4 815 309 367 1750 091 0.85 il
G43 HUR T2 2023 8489 262 643.5 2.4 778 344 367 1780  0.84 0.67 I
G44 Ak 158 2023 8591 262 651.0 46.2 802 324 367 1880 085 0.82 I
G45 77 5051 2023 8005 260 673.5 39.8 803 338 3.67 1930 1.00 0.39 i}
G46 iz 623 2023 8564 261 691.5 40.3 807 33.3 3.67  19.10  0.87 0.79 il
G47 rik 721 2023 7992 262 696.0 403 804 312 350 1850 114 0.56 i}

RIS RN T GY T AU R ZE 2R R A

AY: Approval year; Y: Grain yield; GP: Growth period; ES: Effective spike number per hectare; TKW: 1000-kernels weight; TW: Test weight;
KPS: Kernels per spike; DRI: Disease resistance index; CRI: Cold resistance index; QI: Quality index; SI: Variety superiority index; Type:
Variety type in clustering analysis based on GYT biplot; The same as below
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The red rays are the vectors of traits or yieldxtrait combinations; The variety codes are the same as table 1; YxQI represents the product of yield and

quality index, Y*CRI(-1) represents the quotient of yield divided by cold resistance index, the same for other yield x trait combinations;

SI: Variety superiority index ; The same as below
E1 HELHLEZREHENEGMERE GT XARE (a)F1GYT X4RE (b)
Fig. 1 The genotype by trait (GT) biplot (a) and genotype by yieldxtrait (GYT) biplot (b) of

wheat varieties nationally approved for northern winter wheat region in China
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R2 2003-2023 FFEZXEHNMERFTEERAGHEXES
Table 2 Pearson correlations among yieldxtrait combinations of national approval wheat varieties for the northern winter
wheat region in China from 2003 to 2023

e Ptk PR e D T g R T

Number Vieldxtrait AHM VXES TERIEL TRiE VXTW buwtesr  bigERsE  mLIREL
YxGP(-1) Y*KPS YXTKW YxDRI(-1) YxCRI(-1)  YxQI

1 TR R

2 Jr <A 0.805"

3 <R AL 0.894" 0.580™

4 Jra < TR 0.910" 0.701" 0.768"

5 JrEx A 0.984" 0.826" 0.882" 0.913™

6 RGN IR 1 0.480" 0374 0.349" 0.491" 0.447"

7 P PIIEFR AL 0.436" 0.383" 0.296" 0.394™ 0.428" 0.3217

8 FE DG TR R 0.592" 0.492" 0.524™ 0.596™ 0.624™ 0.303 0.207™

9 rn AP HRALHE £ 0.965" 0.816™ 0.837" 0.913™ 0.965" 0.595™ 0.548" 0.686™

Ty B RTE 0.05 F10.01 7K b I A OC S FoR MDA i

* and ** indicate significant correlation at the 0.05 and 0.01 probability levels, respectively, ™ indicates not significant correlation

2.3 JLEZEXET/MEBHNEETEN

ANFZ AR PR R R LA GYT BUbR BTG “ 35
{5 UM DR 2 AT 2R B (1 2) - COARTE 45 i
FhAE GYT WUbR B ATA Bl B B2 00 &, 1F ATC 4
AR B B SR 5 179(G32) 5t 4k 16
(G40) H:47 3118(G33) & 22 - Fl o 3X 22 4~ b
PR BRI T T A SR 359 2 B0, e 2400
JUHRAFE X XF BE S Rl P 22 175, ATC il 2200 R iy
ZEA MR KB 2= T SRR Y2 R, HESI A
ATA Bt Z2 00 i S AP b4k 9549 (GO4) B 25 & 3R BL
B2, R Hk 4 5 (G03) 514 12(GO05) Fg 4
207(GO2) S5l 4% i Bl i BRARHE BCHE Y (% 1)
5 & M ANE GYT XUbR B ATA Bl b (6 HE PP R AR —
., (2) 5 # 179(G32) 1E ATA il f5 A5 0, [ i 1F 47
VEAE ATA Bl I, UL 50 22 179 (G32) 25 R Bl dxe
I e R A R A PR AR 4T . ATC Bl
FA LR 5T 16(G40) JHEFE 3118(G33) Fi
#175(G12)7E ATA #li ) 5, 1hd B HAE [ 1)
PR ECR B BT IER AL R BT A 12
5 (G27) A K 3486(G28) i A 2566 (G29) FilH
93(G30)7E ATA BT , Z5A TR BRI 47 s o
ai FPERTE ATA B _E 7, 6 BH LA 77 f < el 15 B0
FEEPUIEFR B LRI 22 WiAE e A B
SOFEE T AR T TR T <A
P G R IR B SR A RS . 7E
ATC %l A2 A 1) & Forpr K 4738 (GO7) L T 4% 825
(G13) AL 205 (G18) . H1 22 816(G19) FIHfEAK 75
(G23) % Sh A AE ATA Bl b5, 7677 & < B 7 it x
(20 R RS T e v T SR e % P T T U

S i IR G BRI HoAth 2 B0 Rl e
ATA R 75, A8 7 U i BOR = LI R R
TG, e A i PR LA BRI

PC1=69%, PC2=10%, Fit=79%

1.0 |- Transform=0, Scaling=1,| Centering=2, SVP=1

YxQI

F g2 PC2

YXDRI(-1)

YXCRI(-1)

f2l.0 fll.S ,1‘.0 ,0‘_5 0 0‘.5 lJ.O L5 20 25
Fsr1 PCl
BT Sk Bt I RbR A, 5 1 R RA R RO 5 WU Sk
BRIl g S PR A DA A5 PR DR R 22 D7 1)

The single-arrowed horizontal axis is average trait axis pointing to the
direction of higher variety superiority index, while the double-arrowed
is the coordinate of average trait axis pointing to the direction of poor
trait coordination
2 20032023 FEELDEEXEH/NE R
GYT WHRE S MR E-TRE M
Fig.2 The mean-stability of GYT biplot analysis of
national approval wheat varieties for the northern
winter wheat region in China from 2003 to 2023
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Fig. 3 The variety clustering of GYT biplot analysis of
national approval wheat varieties for the northern winter
wheat region in China from 2003 to 2023
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Table 3 Comparison of classification characteristics of national wheat varieties in northern winter wheat region based on

GYT biplot analysis

5 PR A 1280 i i 11 Y INERTRY IV Bl

Number Yieldxtrait Variety type 1 Variety type 11 Variety type III Variety type IV
1 P 1.25£0.09aA 0.85+0.08bA ~0.87+0.15cB ~0.75+0.12cB
2 T REEL 0.72+0.28aA 0.86£0.19aA -0.54+0.23bB ~0.74=0.16bB
3 IR TR 1.06£0.29aA 0.79+0.14aA -0.91£0.14bB -0.560.15bB
4 i e A 1.26+0.152A 0.74=0.17bA -0.80+0.13cB -0.72+0.13cB
5 P 1.24+0.11aA 0.87+0.10bA -0.9120.13cB —0.74=0.10cB
6 PR TS 1.27+0.20aA -0.04+0.11bB 0.22+0.30bB ~0.88+0.18¢C
7 P IER AL 1.2940.42aA -0.23£0.09bBC 0.31+0.25bB ~0.79+0.12¢C
8 i e iC e 0.50£0.23aA 0.91£0.17aA -0.660.18bB -0.57+0.25bB
9 An AT AR AR £ 1.07+0.13aA 0.60+0.07bB -0.52+0.11cC -0.72+0.08¢C

) —47 iR A AR /ING BRSSP EOIE 43 5IE 0.05 F10.01 KCF F2E R 35 . MRIREUE -3 (EAr i

Data marked with the same lowercase or uppercase letter in the same row are not significantly different at the 0.05 and 0.01 levels, respectively.

Character data are mean =+ standard error
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