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Comprehensive Evaluation of Early-Maturing Summer Maize
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Abstract: As a vital production region for early-maturing summer maize in China, the Beijing-Tianjin-Hebei region holds
immense significance in national agriculture production security. Conducting comprehensive multi-trait evaluation and selection of
early-maturing summer maize varieties within this region is crucial for advancing the scientific utilization of summer maize
germplasm resources, optimizing breeding strategies, and improving agricultural productivity. Building upon the established genotype
by yield x trait (GYT) biplot model, this study makes a notable innovation by expanding the connotation of "yield" to encompass
"major target traits", thereby proposing the novel genotype by major trait x multi-trait (GMT) biplot method to meet the demand for

simultaneous evaluation of multiple traits in varieties under the background of diversified breeding major objectives.  The research
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materials consisted of 72 early-maturing summer maize varieties that completed all trial procedures in the multi-location variety trials
organized by the Jingke maize variety trial consortium in the early-maturing summer maize ecological zone of the
Beijing-Tianjin-Hebei region from 2017 to 2024. Based on the combined level of major traits (including yield, protein content, fat
content and lysine content) and grain yield, growth period, plant height, 100-kernel weight, grain yield rate, grain moisture
content, test weight, starch content, protein content, fat content, lysine content, and disease resistance index, the varieties were
comprehensively evaluated and ranked using a serial of GMT biplot. The results of the study are as follows: (1) The GYT biplot,
which takes yield as the major target trait, successfully identified 8 varieties with excellent performance in terms of the yield
superiority index (YSI), including Jingnongke 458, Jingke 628, MC921, Xinyunong 812, Jingke 383, Jingke 938, Jingke 597, and
Jingnongke 809. (2) The genotype by protein x trait (GPT) biplot, focusing on protein content as the major target trait, screened out
Jingnongke 836 and MC921 as varieties with outstanding comprehensive performance across relevant traits. (3) When fat content is set
as the major target trait, the genotype by fat x trait (GFT) biplot selected Jingnongke 458, Jingke 383, and MC616 as varieties with
exceptional performance. (4) The genotype by lysine x trait (GLT) biplot, with lysine content as the major target trait, identified
MC921, MC167, Jingnongke 836, and Jingnongke 801 as the top-performing varieties. (5) A highly significant correlation (r=0.718*%*)
was found between the protein superiority index (PSI) and the lysine superiority index (LSI). When both protein and lysine contents
are taken as joint target traits, "protein-lysine specialized" varieties including MC921, Jingnongke 836, and Jingnongke 458 can be
filtered out. Additionally, the yield superiority index (YSI) and the fat superiority index (FSI) also showed a highly significant
correlation (r=0.474**). When yield and fat content are set as common target traits, "yield-fat specialized" varieties including
Jingnongke 458 and Jingke 383 are identified. Through simultaneous screening based on the superiority indices of the four major traits,
"all-round" core varieties including Jingnongke 458 and MC921 were selected, demonstrating balanced excellence across all evaluated
traits. The proposed GMT biplot method provides a new and effective tool for the synergistic evaluation of multi-target traits, and the
varieties screened in this study offer valuable references for the efficient utilization of maize varieties and high-quality breeding
practices in the Beijing-Tianjin-Hebei region.

Key words: Beijing-Tianjin-Hebei region; maize (Zea mays L.); variety trial; genotype by trait (GT) biplot; genotype by
yieldxtrait (GYT) biplot; genotype by major traitx multi-trait (GMT) biplot
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Table 1 Information of the trial locations in the multi-locational evaluation trials of the early-maturing summer maize
germplasm resources in the Beijing-Tianjin-Hebei region during 2017-2024
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Fig. 1 The genotype by trait (GT) biplot of the early-maturing summer maize varieties in the Beijing-Tianjin-Hebei region
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Fig. 2 The GYT biplot of the early-maturing summer maize varieties in the Beijing-Tianjin-Hebei region
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Table 2 Correlation analysis between yield by trait combinations of early-maturing summer maize varieties in
Beijing-Tianjin-Hebei region

P MR A

Yieldxtrait Y/GP Y*PH YxHKW  YxXGYR Y/GMC YXTW Y*PRO Y*FAT YxSTA YxLYS Y/DRI
combination

Y/GP

YxPH 0.602™

YxHKW 0.513™ 0.368™

Y*GYR 0.774™ 0.696™ 0.212

Y/GMC 0.337" 0.345™ -0.159 0.539™

YXTW 0.660™ 0.522* 0.142 0.680™ 0.511"

YxPRO 0.412" 0.203 0.143 0.278" 0.217 0.430™

YXFAT 0.429™ 0.388™ 0.047 0.461™ 0.155 0.546™ 0.146

Y*STA 0.547" 0.652" 0.356™ 0.674™ 0.195 0.456™ -0.161 0.300"

Y*LYS 0.406™ 0.305" 0.093 0.357" 0.349™ 0.290" 0.662™ 0.138 -0.109

Y/DRI 0.393™ 0.360™ 0.337" 0.431™ 0.043 0.387" 0.225 0.271" 0.336™ 0.012

YSI 0.869" 0.779* 0.437" 0.873™ 0.505™ 0.805™ 0.509" 0.556™ 0.608" 0.502™ 0.543™

R ) B R IRTE 0.05 F1 0.01 AP ERZHMI: Y/GP: PE/AEM:; YXPH: P& XFEE: YXHKW: PEXERE; YXGYR: P& X HAFE;
Y/GMC: =R XHRE/KE: YXTW: EXEE; YXPRO: MEXEAFEE: YXFAT: MEXEHEE: YXSTA: #EXEREE: YXLYS:
P X AR S Y/DRE: PR/ TR AL

* and ** indicate significant correlations at the 0.05 and 0.01 levels, respectively; Y/GP: Yield/Growth period; Y X PH: Yield X Plant height; Y X HKW:
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Fig. 3 The GPT biplot of the early-maturing summer maize varieties in the Beijing-Tianjin-Hebei region
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Fig. 4 The GFT biplot for early-maturing summer maize varieties in the Beijing-Tianjin-Hebei region
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Fig. 5 The GLT biplot of the early-maturing summer maize varieties in the Beijing-Tianjin-Hebei region
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Fig. 6 The GT biplot based on the genotype by superiority index of the summer maize varieties in the Beijing-Tianjin-Hebei
region
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Supplementary Table 1 List of mainvarieties traits in the early-maturing summer maize trials of Jingnongke consortium in Beijing-Tianjin-Hebei region of China during 2017-2024

. = Y =i e — . p—
) o
Code Variety GY GP PH HCW YR é;/;’l)c ™ STA }SORA’()) :’AA’% f;/;; DRI YSI PSI FSI LSl
GO01 BAREL 729 102.9 103 264.8 34.8 81.1 23.9 762 71.16 9.54 3.99 0.31 7.00 -1.15 0.58 -0.85 0.54
G02 HAREL 736 105.1 105 270.1 39.3 79.2 25.5 734 71.47 8.49 3.99 0.28 7.67 -1.12 -0.77 -1.03 -0.74
G03 A 16 101.4 105 269.1 34.1 81.9 23.1 731 72.30 8.30 4.06 0.30 8.00 -1.83 -1.03 -0.92 -0.08
G04 U 59 101.8 105 257.0 40.9 79.9 25.6 730 71.47 8.71 3.89 0.28 7.00 -1.73 -0.50 -1.22 -0.70
GO05 D1872 104.9 104 272.4 35.9 85.5 19.5 785 75.26 9.53 437 0.30 6.20 0.23 1.17 0.53 0.78
Go06 HAEL 985 106.6 104 283.1 35.0 83.3 21.0 776 72.48 10.57 3.75 0.31 7.00 0.22 2.11 -1.11 0.89
G07 HAEL 825 103.1 106 276.8 35.6 83.1 222 798 75.03 9.33 4.52 0.29 6.60 -0.59 0.69 0.62 0.15
Go8 HAKEL 836 105.7 105 283.4 36.5 84.0 21.7 782 73.01 10.68 4.12 0.32 7.00 0.20 2.37 -0.14 1.40
G09 B E 658 106.9 105 277.8 37.0 83.9 222 776 72.09 9.70 4.45 0.30 7.00 0.23 1.14 0.51 0.55
G10 NK806 105.0 107 272.2 39.0 84.0 22.9 710 75.09 8.64 3.57 0.28 6.33 -0.70 -0.36 -1.77 -0.47
Gl11 A} 253 107.7 106 282.6 37.1 82.9 22.5 750 75.08 9.07 4.43 0.29 6.33 0.33 0.42 0.45 0.20
G12 WA} 254 107.9 106 276.6 34.4 84.0 22.7 770 75.72 9.02 4.67 0.26 6.33 0.23 0.28 0.88 -1.03
G13 WAL 255 106.4 107 277.8 37.7 82.6 23.4 724 75.64 8.72 422 0.27 7.00 -0.45 -0.26 031 -0.85
Gl4 WAt 256 105.3 106 279.7 34.5 84.5 22.6 766 75.17 9.66 4.53 0.29 6.33 -0.14 1.10 0.67 0.18
Gl15 WAt 257 105.5 106 286.1 37.5 82.9 23.1 759 75.25 9.92 4.69 0.28 6.33 0.03 1.50 1.14 -0.10
Gl16 At 258 107.1 106 281.7 35.1 83.9 23.0 766 76.22 9.38 438 0.29 6.33 0.20 0.76 0.31 0.17
G17 A 610 107.4 106 281.3 34.9 84.0 23.0 742 76.09 8.75 4.17 0.29 7.33 -0.10 -0.20 -0.39 -0.08
G18 HAEL 869 105.2 106 281.4 35.0 84.9 22.6 760 76.94 8.85 4.10 0.28 5.67 -0.19 0.14 035 0.21
G19 fifitk 707 107.5 107 279.7 37.4 83.9 22.5 740 76.31 8.07 427 0.27 7.33 0.11 -0.99 -0.19 -0.83
G20 K 898 108.9 106 276.3 35.8 83.9 232 724 74.52 9.24 472 0.30 6.67 0.40 0.56 1.05 0.50
G21 IR 539 105.0 107 282.3 352 84.4 24.6 731 76.07 8.68 4.06 0.28 6.33 -0.68 -0.30 -0.67 -0.47
G22 AL 542 107.6 107 274.0 35.0 82.5 23.9 750 76.26 8.21 4.12 0.26 6.67 -0.34 -0.93 -0.64 -1.31
G23 L 544 108.3 107 274.7 34.5 83.9 23.4 757 75.83 8.83 433 0.28 6.33 0.15 -0.02 0.04 -0.35
G24 UK 545 109.0 107 281.8 36.8 81.8 23.9 754 75.45 8.84 472 0.28 7.00 0.32 0.03 0.95 0.32
G25 FEEAK 510 108.7 107 279.8 39.1 78.3 24.5 722 75.10 8.90 4.10 0.28 7.00 0.11 -0.08 -0.59 -0.50
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e o P = I p—
Code Variety GY GP PH HKW  GYR é;/;’l)c ™ STA }SORA’()) éj@ f;/;; DRI YSI PSI FSI LSI
G26 JK9685 105.4 105 2872 375 85.7 19.9 780 72.22 1037 376 0.32 7.00 0.27 2.06 -0.94 1.44
G27 MC167 107.9 106 286.7 36.1 84.2 22.6 750 73.47 9.65 3.85 0.34 7.00 0.36 1.03 -0.90 1.99
G28 MC921 1123 107 283.8 37.9 82.5 233 748 73.52 1038 442 0.35 6.67 1.57 2.16 0.68 2.69
G29 MC922 105.5 107 2723 337 84.0 227 762 74.85 8.44 4.13 0.28 7.00 -0.68 -0.66 -0.59 -0.56
G30 5 7678 107.6 106 286.2 33.9 86.8 208 762 73.57 9.20 443 0.30 6.33 0.51 0.64 0.52 0.63
G31 5OR}232 108.4 106 281.0 34.6 84.1 22.1 756 75.28 9.08 3.98 0.28 6.67 0.24 0.26 -0.75 -0.37
G32 5OR} 383 109.9 107 284.7 35.6 83.6 224 790 73.05 9.26 5.05 0.29 6.33 0.98 0.78 1.9 0.33
G33 5ORH938 109.8 106 2872 37.9 83.7 223 760 74.48 821 442 0.29 5.67 0.93 -0.48 0.53 0.33
G34 FURFE 458 110.0 106 280.1 35.9 83.5 227 788 73.01 9.82 5.43 0.33 6.33 132 1.65 3.12 2.09
G35 FURAE 801 105.8 106 286.9 35.8 84.7 214 768 73.89 9.65 3.61 0.34 7.00 0.05 1.05 -1.44 2.02
G36 A 712 109.0 107 289.3 38.0 82.0 23.7 750 77.06 8.22 4.16 0.28 7.00 0.28 -0.74 -0.36 -0.37
G37 5OR} 8868 102.9 107 292.4 343 83.7 211 770 78.09 8.16 4.45 0.26 7.33 -0.90 -0.84 0.24 -1.17
G38 MC366 107.1 108 276.8 363 82.3 23.6 736 77.29 8.08 3.37 0.28 7.00 -0.58 -1.17 -2.39 -0.67
G39 MC616 105.2 106 290.0 328 84.1 21.0 775 75.03 8.42 5.03 0.29 7.00 -0.17 -0.37 1.74 0.15
G40 MC699 105.8 106 288.7 36.7 83.0 214 757 75.70 9.23 4.06 0.28 5.67 0.06 0.68 -0.34 -0.11
G4l 5OR} 2202 106.0 108 301.4 36.1 82.7 233 766 75.10 8.1 447 0.26 6.67 -0.34 -0.87 0.31 -113
G42 5OR} 505 107.2 106 276.1 35.1 84.6 20.7 764 75.12 8.00 442 0.29 6.67 0.12 -0.92 0.32 0.09
G43 R 500 108.2 106 284.6 35.2 83.9 22,0 736 76.40 7.36 4.55 0.28 7.00 0.07 -1.78 0.46 -0.42
G44 5ORE518 107.8 107 282.5 36.7 82.6 233 766 73.97 9.68 4.70 0.31 7.00 0.35 1.14 1.09 0.95
G45 5OR} 559 106.6 107 275.8 36.4 82.3 233 762 78.47 8.02 3.76 0.26 6.67 -0.45 -1.13 142 -1.28
G46 5ORE 561 106.2 108 283.4 35.9 82.5 23.4 750 72.73 9.19 421 0.28 7.00 -0.46 0.27 -0.31 -0.48
G47 5ORF 562 105.9 107 283.9 375 82.7 233 748 78.36 8.64 4.18 0.28 6.67 -0.26 -0.22 -0.27 -0.33
G48 5R} 575 108.9 108 277.4 35.0 83.6 23.4 754 77.68 8.23 4.10 0.29 6.67 0.17 -0.78 -0.54 -0.05
G49 5ORE 591 107.7 108 2742 35.1 83.2 228 762 77.69 8.17 4.67 0.27 7.33 0.1 -0.86 0.70 -0.82
GS0 5ORE597 110.8 107 288.7 375 82.6 23.6 734 75.21 9.32 423 0.29 6.67 0.81 0.65 -0.07 0.12
Gsl1 R} 599 107.2 108 287.5 36.5 82.4 23.2 756 77.11 8.02 3.97 0.25 7.00 -0.37 -1.13 -0.96 -1.67
Gs2 5ORH 682 108.0 107 278.6 36.6 83.2 23.1 752 76.69 8.38 4.44 0.28 7.00 0.10 -0.55 0.28 -0.37




~ TR & R R BAR B T A"
Code Variety GY GP PH HKW  GYR é;/;’l)c ™ STA }SORA’()) éj@ f;/;; DRI YSI PSI FSI LSI
G53 50R} 999 109.0 107 287.0 353 84.5 220 728 7754 7.81 3.99 0.28 7.67 0.10 -1.34 -0.88 -0.53
G54 FURE 809 108.4 105 297.6 38.0 84.3 19.1 750 76.61 8.26 3.93 0.30 7.33 0.71 -0.48 -0.65 0.61
G55 FURFE 813 98.9 105 285.7 343 84.4 213 744 75.36 8.50 4.54 0.33 7.67 -1.61 -0.41 0.55 1.47
Gs6 FURAL 820 107.1 107 290.9 353 83.0 219 760 75.82 8.82 4.09 0.33 7.33 0.14 0.04 -0.39 1.58
G57 SRR 837 105.8 105 271.7 34.6 84.5 21.1 760 75.57 9.15 4.26 0.31 7.67 -0.15 0.38 -0.05 0.79
GS8 %7} 980 108.5 109 287.5 357 81.4 235 755 76.62 8.72 3.97 0.28 7.00 -0.03 -0.26 -0.87 -0.48
GS9 %71 998 105.7 106 279.5 355 84.9 207 778 76.43 8.47 4.55 0.29 7.67 -0.09 -0.36 0.62 0.08
G60 #RF 806 107.6 107 284.2 369 83.0 222 748 75.99 8.45 427 0.29 7.00 0.09 -0.44 -0.06 0.04
G61 TR 282 108.1 107 312.8 362 83.7 232 730 75.01 8.69 4.82 0.30 6.67 0.48 0.04 1.38 0.63
G62 ERK 81 106.0 106 278.0 343 84.3 20.1 790 76.66 8.80 4.52 0.28 7.33 0.00 0.05 0.58 -0.26
G63 TR 812 111.0 106 277.7 355 84.1 21.9 768 7621 8.81 478 0.29 7.00 1.07 0.14 1.25 0.21
G64 MC5592 107.2 106 277.9 363 83.8 229 720 75.03 9.15 415 0.31 8.00 -0.21 0.24 -0.43 0.63
G65 1E7 858 110.2 105 280.3 352 833 229 754 76.40 8.26 452 0.26 6.67 0.55 -0.68 0.44 -112
G66 5OR} 265 108.7 107 273.6 38.5 83.3 232 764 75.71 8.00 4.24 0.26 7.33 0.07 -1.09 -0.28 -1.23
G67 50R} 628 112.4 107 294.0 362 83.6 25.0 744 75.14 8.62 4.48 0.30 6.67 112 -0.17 0.48 0.50
G68 FURE 843 105.6 106 269.1 373 83.0 24.7 744 74.96 8.22 4.63 0.27 7.33 -0.69 -0.90 0.52 -0.91
G69 FUAF 845 106.4 107 274.7 37.1 84.1 238 738 7434 821 438 0.28 5.67 -0.21 -0.70 0.20 -0.29
G70 T4z 699 110.5 107 282.9 35.9 83.0 243 746 75.60 8.37 4.8 0.27 7.00 0.44 -0.61 0.52 -0.80
G71 R 522 110.3 108 282.2 379 81.5 24.9 734 76.78 8.87 3.98 0.26 6.33 0.37 -0.04 -0.81 -1.16
G712 BZ23675 109.6 107 285.3 39.7 81.7 23.0 750 75.56 8.08 430 0.28 5.67 0.70 -0.70 0.18 -0.12

7 = A o B X 100%
GY: Grain yield=Variety yield / Control yield x 100%); GP: Growth period; PH: Plant height; HKW: 100-kernel weight; GYR: Grain yield rate; GMC: Grain moisture content; TW: Test weight; STA: Starch content; PRO: Protein
content; FAT: Fat content; LYS:Lysine content; DRI: Disease resistance index; YSI: Yield focused superiority index; PSI: Protein focused superiority index; FSI: Fat focused superiority index; LSI: Lysine focused superiority index
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