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Effects of genotype and environment and their interaction effects on

major agronomic traits in flowering Chinese cabbage

GONG Zeping', LI Ziyu', HUANG Hongdi’, GUO Shaolong’, GUO Peiguo', XIA Yanshi'

(1. College of Life Sciences, Guangzhou University/Guangdong Key Laboratory of Plant Adaptation and Molecular Design, Guangzhou
510006, Guangdong, China; 2. Guangdong Provincial Improved Variety Introduce Service Corp, Guangzhou 510091, Guangdong,
China)

Abstract: To screen for high-yield, high-quality, and widely adaptable flowering Chinese cabbage (Brassica campestris
L. ssp. chinensis var. Utilis Tsen et Lee.) germplasm, this study analyzed the variation of key agronomic traits and their
broad- sense heritability across 173 flowering Chinese cabbage accessions from diverse geographical origins under six
planting environments. The genotype-environment interactions were evaluated using GGE biplot analysis. The results
revealed extensive variation in eight agronomic traits within the collected flowering Chinese cabbage population: Plant
spread, single plant mass, plant height, maximum leaf length, maximum leaf width, maximum petiole length, leaf color,
and flowering time. The coefficient of variation (CV) ranged from 6.65% to 80.42%, with the highest average coefficent
of variation observed for single plant mass(80.42%) and the lowest for flowering time (6.65%). Broad-sense heritability
ranged from 52.94% to 90.12%, with maximum leaf length ( 90.12% ) and maximum petiole length ( 89.63% )
demonstrating strong genetic determination, while plant height exhibited the lowest heritability (52.94% ),indicating its
susceptibility to environmental influence. Through GGE biplot analysis, 14 accessions with consistent adaptability across
environments and 21 with stable, desirable phenotypic traits were identified. These findings provide valuable insights for
selecting complementary parental lines in breeding programs aimed at developing superior flowering Chinese cabbage
varieties.
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Table 1 173 flowering Chinese cabbage used in the study
i MBAARR K i MR S
No.  Germplasm name Source No.  Germplasm name Source
1 EEZZ iTeap RV 28 R 50K IRERIES
Taiduoduo Zhuzhou, Hunan Jianye 50-day Shantou, Guangdong
2 EEE 100 K J7RIT M 29 EE 60 KRN TRk
Chaoliangwang 100-day Guangzhou, Guangdong Fengbao 60-day Jianye Shantou, Guangdong
3 FLk 2R 30 ELRAHE TR
Meilii Meizhou, Guangdong Bilii Liuye Youqing Guangzhou, Guangdong
4 R 18 Sl 2Rk 31 Bk 80 KM TR
Cutiao No. 18 Tian Shantou, Guangdong Cuilii 80-day Jianye Guangzhou, Guangdong
5 HfE 28 JVREE T 320 RS HhRKE
Chaoheng 28 Youqing Nanning, Guangxi California green Changchun, Jilin
6 3155 I ARulk 33 480 KiMT ImRIE T
No. 31 Sugar beet Shantou, Guangdong Cuilii 80-day Youqing Qingyuan, Guangdong
7 316 JTARSTM 34 AREL 70 RN A AR M
Guangzhou, Guangdong Cuilii 70-day Jianye Fuzhou, Fujian
8 i 408 Al JTARST M 35 RELS0K ARG
Jipin 408 tian Guangzhou, Guangdong Cuiliiwang 80-day Qingyuan, Guangdong
9  PFT 50 RRM VORI 36 K80 Rimisk AR
Jiping 50-day Jianye Guangzhou, Guangdong Dazhong 80-day Youlii Shantou, Guangdong
10 60 R4 VORI 37 80 RASAFH J AR
60-day Teqing Guangzhou, Guangdong 80-day Jiaocai Teqing Meizhou, Guangdong
11 60 RAFH AT I AR 38 AAEE 120 K VAR
60-day Tegingtian Meizhou, Guangdong Dongzhuyu 120-day Guangzhou, Guangdong
12 K701 TR 39 EE A I FH
Liuye 701 Guangzhou, Guangdong Hunagfengtian Nanyang, Henan
13 80 REZFHIK IR T 40 HEHESRL RN
80-day Duoyacutiao Nanning, Guangxi Futian flowering cabbage Huizhou, Guangdong
14 80 Rt VORI 41 228 f ) AR
80-day Yougingtian Guangzhou, Guangdong 228 Sweet flowering cabbage Meizhou, Guangdong
15 FM0 REFH AR 42 AL ] AR
Fengyu 90-day Teqing Qingyuan, Guangdong Yougqing Sweet flowering cabbage Meizhou, Guangdong
16  FSF 3 VORI 43 EEMCEMH T )P T
FSF flowering cabbage Guangzhou, Guangdong Guilin Juanye Tiancui Nanning, Guangxi
17 Y60 K R 44 iEEAHIELE R
Shenzhen 60-days Youqing Shenzhen, Guangdong Hainan Bendi Chihua Haikou, Hainan
18 P 701 ) T 45 fiiH 49-1 VRN
Australian Super 701 Nanning, Guangxi Hangyu 49-1 Guangzhou, Guangdong
19 VP 120 RIBFE U T 46 432 SE I RIIPS
Australian 120-day late flower Nanning, Guangxi Jinsha No. 32 Huangye Shantou, Guangdong
20 Tl IR T 47 PG I 2R AN
Yougqing Tiancui Nanning, Guangxi Jianye Tiancui Meizhou, Guangdong
21 U I JoRSTM 48 SN TLPG M
Australian Gold Medal No. 5 Guangzhou, Guangdong Jinchuan Jianye Ganzhou, Jiangxi
22 WRPHERLE 60 K )P T 49 & 611 FiH RS
Australian green 60-day Nanning, Guangxi Jinhui 611 Teqing Changchun, Jilin
23 B 70 KA I HREI 50 &b 80 Kl I ARalk
Australian 70-day thick strip Shenzhen, Guangdong Jinsha 80-day You Shantou, Guangdong
24 BUPHERL 70 K I AR AN 51 ULk 60 K IR
Australian green 70-day Meizhou, Guangdong Kangbing Youlii 60-day Guangzhou, Guangdong
25 LB TR 52 PUHAI T TR
Bilii Cutai flowering cabbage Guangzhou, Guangdong Kangre Youqingtian Guangzhou, Guangdong
26 FHAARIT 80 K JREIN 53 FENT 60 RAH: 2R AR
Cutiao Jianye 80-day Shenzhen, Guangdong Jiali 60-day Jianye Jieyang, Guangdong
27 HKE J7ZRTMN 54 WP 120 K "R3Bk
Cutiao Yougqing Guangzhou, Guangdong Australian 120-day Jieyang, Guangdong
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Table 1 (Continued)

i AR K i FRETAR Bl
No.  Germplasm name Source No.  Germplasm name Source
55 888 IEJMEL AR 84 FIH 50 KRR ]

888 Lianzhou flowering cabbage Qingyuan, Guangdong Fengsu 50-day Jianye Jieyang, Guangdong
56 Mt 50 AR 85 41 w4 s o T

Liuye 50 Jiangmen, Guangdong 41 Hong Kong Caichang No. 4 Nanning, Guangxi
57 FRER 701t AR 86  HEIM4 T IR

Telii 701 Tian Qingyuan, Guangdong Hong Kong Caichang No. 4 Shenzhen, Guangdong
58 Mk 42 5 TR 87 Al PR T

Liuye Cutiao No. 42 Guangzhou, Guangdong Shipai flowering cabbage Nanning, Guangxi
59 [ 60 K TR 88 Ak 43 I AT

Tongye 60-day Guangzhou, Guangdong Xiangyuan Caichang 43 Guangzhou, Guangdong
60 HiPHELEE 70 K IR 89  MaOE 5 WE K

New Zealand Liibao 70-day Shenzhen, Guangdong Xiang Hongtai No. 1 Changsha, Hunan
61 70 RAFT T7RT M 90  EHFAL TGN

70-day Teqing Guangzhou, Guangdong Duoya flowering cabbage Shenzhen, Guangdong
62 T RMAL T2 M 91 K45 R JARAEM]

Yougqing Jianyetian Guangzhou, Guangdong Tejiao 45-day Meizhou, Guangdong
63 MI20 i #l T 92 EIUZE 60 K o T

M120 Yougingtian Nanning, Guangxi New Zealand 60-day Nanning, Guangxi
64 G 80 KiE AR 93 ZZF 90 KRR IR

Wuzha 80-day Youqing Guangzhou, Guangdong Duoya 90-day Jianye Shenzhen, Guangdong
65 R J7ZRT M 94 858 I TR T

Yige Jianye Guangzhou, Guangdong 858 Yougqingtian Nanning, Guangxi
66 REBRMIRINE N 95 858 ML E IR T

Nongxin Jianye Shenyouqing Guangzhou, Guangdong 858 Youqing Tiancaixinwang Nanning, Guangxi
67  REFHURMT J7ZRT M 96 CHIPE% 90 2 TR T

Nongxin Kangbing Youqing Guangzhou, Guangdong New Zealand 90 Tianduoya Nanning, Guangxi
68 I 408 Kb N 97 B9 D30 R T

Yougqing 408 Flowering cabbage Guangzhou, Guangdong New Zealand D30 Nanning, Guangxi
69 ABHHIG 50 R R D 98 BTUEAAELE 50 K IR

Nongyuan super 50-day Changsha, Hunan New Zealand Hualii 50-day Shenzhen, Guangdong
70 AKBERM RS 99 4560 Sl J o T

Nongyuan Jianye Changsha, Hunan 4560 Flowering cabbage Nanning, Guangxi
71 BRERRM L PR 100 Hrvu A0S i JTVUEE T

Qiangshen Jianye Taiyuan, Shanxi New Zealand Pazhou sweet oil Nanning, Guangxi
2 HEXDL N 101 GHVLEAEH 50 KR J o T

Qingchun flowering cabbage Guangzhou, Guangdong New Zealand Pazhou 50-day Nanning, Guangxi
73 Mk T b AR 102 HrvE 2 AT 3045 ]V T

Shutouding Youli Jiangmen, Guangdong New Zealand Pazhou 3045 Nanning, Guangxi
74 WEZAF e M 103 GHTVL L AT 50 % J o T

Siji Duozai Cangzhou, Hebei New Zealand Qixiang 50-day Nanning, Guangxi
75 e SR wiovsl] 104 RF 120 Rl J7ARTIN

Siji Youli Cangzhou, Hebei Teqing 120-day Youqing Guangzhou, Guangdong
76 49 3D N 105 UL ASO T2 M

49 Flowering cabbage Guangzhou, Guangdong Yanxuan Teliang A50 Guangzhou, Guangdong
77 BB A8 AR 106 —HBAEEFRIT JUAR)TMI

Taiwan Sijiutian Fuzhou, Fujian Yizhihua Quannianjianye Guangzhou, Guangdong
78 R 31T JUARILT] 107 JHi%k 501 T2 M

Teji Cuxue No. 31 Jiangmen, Guangdong Youli 501 Guangzhou, Guangdong
79 FRR 333 Gl AR 108 £ 702 L

Tejian 333 Tian Guangzhou, Guangdong Meili 702 Guangzhou, Guangdong
80 RFAZ30 it J7ARTM 109 JhEk 70 K3l T2 M

Tejiao 30 Tian Guangzhou, Guangdong Youlii 70-day flowering cabbage Guangzhou, Guangdong
81 R R 5 TR 110 722 80 Rt JUAR)TMI

Tese Nongjiabao Guangzhou, Guangdong Telan 80-day Youqing Guangzhou, Guangdong
82 HARDL JARTTMN 111 80 RARMl%R T2 M

Tian A flowering cabbage Guangzhou, Guangdong 80-day Jianye Youlu Guangzhou, Guangdong
83 FRRMT J7RTMN 112 S SR JUAR)TMI

Fengcui Jianye Youqing

Guangzhou, Guangdong

Youlii Cutai flowering cabbage

Guangzhou, Guangdong
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Table 1 (Continued)
G5 ARG K G AR K
No. Germplasm name Source No. Germplasm name Source
13 EsL IR 144 CX23 AR
Youqing flowering cabbage Guangzhou, Guangdong Guangzhou, Guangdong
14 A5k 45 R JUARILT] 145 CX24 IR
Nongmei 45-day Youqing Jiangmen, Guangdong Guangzhou, Guangdong
15 lENLED L 146  CX25 IR
Youqing Sijiu flowering cabbage Guangzhou, Guangdong Guangzhou, Guangdong
116 B D32 F AL 147 CX26 IR
Yuefeng D32 flowering cabbage Zhanjiang, Guangdong Guangzhou, Guangdong
17 1 TR 148  CX27 IR
Zengcheng No. 1 Guangzhou, Guangdong Guangzhou, Guangdong
118 MRt J AN 149 CX28 J AR
Zengcheng Chitian Guangzhou, Guangdong Guangzhou, Guangdong
119 AlEHIER S I T 150  CX29 IR
Hong Kong Mid Flower Teqing Nanning, Guangxi Guangzhou, Guangdong
120 HHEg 55 KRR TR M 151 CX30 L
Zhongnan 55-day Jianye Guangzhou, Guangdong Guangzhou, Guangdong
121 44 dpggemt TR M 152 CX31 JUARTTM
44 Zhongnan Jianye Guangzhou, Guangdong Guangzhou, Guangdong
122 CXI1 J7&TMN 153 CX32 L
Guangzhou, Guangdong Guangzhou, Guangdong
123 CX2 T2 M 154 CX33 JARTTMN
Guangzhou, Guangdong Guangzhou, Guangdong
124 CX3 J7ATM 155 CX34 7RI
Guangzhou, Guangdong Guangzhou, Guangdong
125 CX4 J AN 156 CX35 N
Guangzhou, Guangdong Guangzhou, Guangdong
126  CX5 J7ATM 157 CX36 JATM
Guangzhou, Guangdong Guangzhou, Guangdong
127 CX6 IR 158 CX37 J AR
Guangzhou, Guangdong Guangzhou, Guangdong
128  CX7 TR 159  CX38 JARTTM
Guangzhou, Guangdong Guangzhou, Guangdong
129  CX8 JUIRSM 160 CX39 J7AR) M
Guangzhou, Guangdong Guangzhou, Guangdong
130 CX9 T2 M 161  CX40 JUARTMN
Guangzhou, Guangdong Guangzhou, Guangdong
131 CX10 TR 162 CX41 L
Guangzhou, Guangdong Guangzhou, Guangdong
132 X1l J72R) M 163 CX42 TR
Guangzhou, Guangdong Guangzhou, Guangdong
133 CX12 TR l64  CX43 IR
Guangzhou, Guangdong Guangzhou, Guangdong
134 CX13 T2 M 165 CX44 L
Guangzhou, Guangdong Guangzhou, Guangdong
135 CX14 TR M 166  CX45 N
Guangzhou, Guangdong Guangzhou, Guangdong
136  CXI5 L 167 CX46 L
Guangzhou, Guangdong Guangzhou, Guangdong
137 CX16 T2 M 168  CX47 TR
Guangzhou, Guangdong Guangzhou, Guangdong
138 CX17 L 169  CX48 I
Guangzhou, Guangdong Guangzhou, Guangdong
139 CX18 T2 M 170 CX49 N
Guangzhou, Guangdong Guangzhou, Guangdong
140 CX19 TR 171 CX50 IR
Guangzhou, Guangdong Guangzhou, Guangdong
141 CX20 J7ATMN 172 CX51 N
Guangzhou, Guangdong Guangzhou, Guangdong
142 CX21 TR 173 CX52 IR
Guangzhou, Guangdong Guangzhou, Guangdong
143 CX22 J AN

Guangzhou, Guangdong
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Table 2 Basic information of experimental locations

Hh s FAEL ST 8] 2 ZhE R i R
Location Planting time Longitude Latitude Altitude/m Mean temperature/°C Code
TEAR)ITTE 2k 2018-07—2018-08 106°32"  38°59'  1105.16  24.60 El
Ningxia Yinchuan Horticultural Industrial Park
T EAR) T Z L 2019-07—2019-08 106°32"  38°59’  1105.16  23.71 E2
Ningxia Yinchuan Horticultural Industrial Park
N T R VG 2019-10—2019-11 113°57" 22°71" -1.48 2413 E3
Guangzhou Nansha Experimental Location
TN T R P 2020-10—2020-11 113°57" 22°71" -1.48 23.77 E4
Guangzhou Nansha Experimental Location
TR 2 AR AR A6 3 2022-10—2022-11 113°37" 23°05' 1323 24.13 E5
Guangzhou University Crop Planting Test Station
TR ZEAE AR 6 3 2023-10—2023-11 113°37" 23°05' 1323 2335 E6

Guangzhou University Crop Planting Test Station
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B K BE (26.59% ) > JF & B (21.52% ) > i {8
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Table 3 Statistical results of agronomic traits in flowering Chinese cabbage
SR R A 63553 e FHE BRREL ML Z PR
Agronomic trait Location Range of change Kurtosis Skewness Mean CViI% Shannon—Wiener diversity index(H")
TR El 16.00 ~ 56.00 1.96 1.15 28.77 2331 1.93
Plant expansion/em 16.00 ~ 57.48 2.65 1.29 28.55  22.33 1.93
E3 11.00 ~ 47.90 4.08 121 2592 19.67 1.93
E4 14.97 ~ 57.47 1.21 1.02 3186  22.76 1.93
E5 15.37 ~ 69.65 429 1.37 3152 25.79 1.91
E6 19.70 ~ 45.33 2.00 0.95 28.14  15.23 1.98
BRI El 27.07 ~262.60 0.65 0.89 111.54 4220 1.96
Single plant mass/g 17.06 ~ 296.81 3.28 1.79 70.63  74.20 1.62
E3 10.07 ~ 154.85 5.69 1.86 4028 5582 1.84
E4 18.57 ~ 484.85 6.16 2.09 10949  71.63 1.73
E5 10.12 ~ 542.83 3.10 1.60 119.87  80.42 1.80
E6 17.06 ~203.91 3.47 135 66.07  41.58 1.91
P El 6.17 ~ 45.00 -0.08 0.40 2237 35.18 2.05
Plant height/em 11.13 ~ 41.58 1.57 0.96 2320 2095 1.98
E3 13.44 ~ 46.50 -0.19 0.13 2774 23.13 2.07
E4 15.30 ~ 58.10 1.61 0.94 2974 24.02 1.78
E5 7.70 ~ 88.15 727 1.56 2771 35.67 1.99
E6 11.46 ~ 48.56 2.83 1.05 2289  22.77 2.01
ICUNLRIS El 15.23 ~ 50.67 1.89 1.30 27.19 2535 1.87
Max leaf length/em 11.29 ~ 44.97 2.26 1.29 2026  29.69 1.87
E3 7.00 ~ 42.50 4.69 1.53 17.41  28.10 1.94
E4 8.20 ~ 66.20 6.33 2.05 2429  34.04 1.80
E5 12.97 ~ 61.80 418 1.68 2610  30.76 1.87
E6 14.20 ~ 44.83 2.76 121 23.94 2141 1.95
T KI5 El 5.00 ~ 19.40 1.14 0.65 11.41 20.39 1.99
Max leaf width/em 430~17.56 126 115 9002 27.24 1.86
E3 2.46 ~ 19.20 5.62 1.75 570 4256 1.88
E4 5.43 ~20.87 0.46 0.49 1141 2429 2.04
E5 3.17~21.27 0.95 0.53 1090  28.15 2.03
E6 5.53 ~ 14.80 0.29 0.38 937  16.92 2.06
IEUNLRIIRIS El 4.00 ~26.00 1.87 1.27 10.84  38.63 1.90
lcvr‘f" petiole length/ 1, 3.16 ~20.65 2.48 1.4 811 416l 1.86
E3 3.40 ~ 17.60 2.47 0.91 826  24.01 2.01
E4 2.33~32.80 6.77 221 8.18  56.16 1.72
E5 1.33~30.50 12.38 2.64 6.12  60.11 1.79
E6 420~19.70 0.85 0.87 10.03  29.33 1.98
REN El 35.20 ~ 64.80 0.55 -0.09 5125 10.59 2.03
Leaf colour/SPAD 1, 38.48 ~ 63.55 0.29 -0.01 5084  8.66 2.06
E3 32.40 ~ 73.40 1.07 -0.26 5451 11.53 2.04
E4 21.40 ~ 63.00 1.74 -0.58 4871 1234 2.03
E5 25.15~59.47 0.82 -0.34 4556 1225 2.04
E6 34.70 ~ 58.97 0.08 0.45 4510  10.00 2.08
TEAEH El 38.67 ~ 60.00 -0.03 0.72 46.42  10.68 1.97
Flowering stage/d 1, 22.50 ~ 51.50 1.40 1.04 34.14 1342 1.95
E3 25.00 ~ 58.00 16.16 2.28 38.23 7.76 1.65
E4 33.00 ~ 64.00 7.22 1.54 43.19 8.77 1.87
E5 43.00 ~ 80.53 -0.90 -0.02 6029  14.16 2.04
E6 40.00 ~ 54.30 -0.40 0.15 45.96 6.65 1.95
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Table 4 Heritability of agronomic traits

VRN LT 7% W5y 72 KRBy 7% ISl il
Agronomic traits Genetic variance Environmental variance Phenotypic variance Broad heritability/%
JT F€ £ Plant expansion 15.99 25.44 20.23 79.02

HLPR B & Single plant mass 1.080.00 2530.98 1501.83 71.91

FET Plant height 7.96 42.48 15.04 52.94

A Max leaf length 26.81 17.64 29.75 90.12

BRI % Max leaf width 2.40 3.78 3.02 79.27

KR K Max petiole length 7.49 522 8.36 89.63

I Leaf colour 9.23 20.10 12.58 73.38

FAEH] Flowering stage 8.72 16.44 11.46 76.08
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Note: PE represents plant expansion; PW represents the single plant mass; PH represents plant height; LL represents max leaf length; LW repre-
sents max leaf width; PeL. max represents petiole length; LC represents leaf color; FS represents flowering stage. The same below.
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Fig. 1 Adaptation analysis based on GGE biplot
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Fig. 1 (Continued)
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FIH GGE XUbx B H 1] “Mean vs Stability” I
FER FH SR AR i B R AE (B 29 BiC 75725 (row metric pre-
serving) 73 T 2 0o 25 B 5 A4 RH AR Z IR i e e 1 .
B 2 vty i Sk 1 B2 P S Rl Sk T 4R 7 1)
9T A BHE B A 3 I R R B, ROV
i S 77 [ R B, B BTARE I PR R AR 5 1A
TR 28 A2 & B R RSP S PR B BT AR I HE 4, H
KA ARG Tl BT RE B RS e M, 880 O 9 1~ 35 A 15

<125



I D& = 50 ih JES #38%

x5 FOMBEMELERMERSGITER
Table S Statistical results of the adaptability of flowering Chinese cabbage

REMEIR TR R A RN R ey
Agronomic trait Location classification Germplasm materials with outstanding traits
T E2.E3.E4.ES 40
Plant expansion E6 89
El 90.133
AR E3.E5.E6 40
Single plant mass El1.E2.E4 14,118
P E2.E3.E4.ES5.E6 40.77
Plant height El 84
[-ONURS E1.E2.E3.E4.E6 40.117
Max leaf length E5 43.89
I INL E1.E2.E3.E4.E6 40.89
Max leaf width E5 147
SONURIIEIS E2.E3.E4.E5.E6 89
Max petiole length El 90
- E3.ES.E6 30
Leaf colour E1.E2 37
E4 57
JF1EHA Flowering stage E1.E2.E3.E4.E5.E6 118
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Fig. 2 Stability of agronomic traits based on GGE biplot
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Fig. 2 (Continued)
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Table 6 Stability analysis of germplasm materials

REMIR oS HOE L p e AN E [KIARB AR T ANGE KR AR
Agronomic trait The most prominent material The most unstable materials The least prominent material
FJ# % Plant expansion 89 42 78

PR T i Single plant mass 40 29 101

Pk Plant height 77 40 45

B KK Max leaf length 40 43 32

K58 Max leaf width 89 154 138

I KK Max petiole length 89 89 32

-4 Leaf colour 30 39 77

FFAE W] Flowering stage 118 3 45
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Fig. 3 Analysis of ideal varieties based on GGE biplot
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Fig. 3 (Continued)
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Table 7 Summary of ideal germplasm materials
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No. Compact type

Single plant mass

Short plant

N
Pointed leaf

ekt
Dark green leaf
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Late flower
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