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Phenotypic traits analysis and comprehensive evaluation of broccoli in

northern Hebei plateau
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Zhangjiakou Rural Revitalization Promotion Center, Zhangjiakou 075000, Hebei, China)

Abstract: In order to provide theoretical guidance for the breeding of broccoli in the alpine plateau region, in this study,
the yield per plant and phenotypic quantitative traits of 14 new varieties of broccoli were analyzed by grey correlation
analysis. The results showed the correlation degree between yield per plant and 11 phenotypic quantitative traits of brocco-
1i was as follows: Center column width > Center column height > Leaf width > Flower head vertical diameter > Expan-
sion degree > Flower head transverse diameter > Plant height > Leaf length > Branch number > Outer leaf number >
Growth period. It was concluded that the width and height of the central column had the greatest influence on the yield
per plant, and the correlation degrees were 0.795 4 and 0.759 5, respectively. According to the weight data of each trait,
the comprehensive evaluation model of broccoli was obtained : H = 0.080 8Z; + 0.090 4Z, + 0.092 3Z; + 0.083 5Z, +
0.088 8Zs + 0.095 4Z; + 0.084 0Z; + 0.093 6Z; + 0.091 6Z, + 0.097 5Z;, + 0.102 1Z;,. Four varieties were selected as
Zhongqing 518, Zhongqingl16, Zhongqing 118 and Zhongqing 193, which could be used as local test demonstration and
promotion varieties. Therefore, in the process of hybrid breeding of broccoli, if the yield was breeding goal, the two traits
of center column width and heigh could be paid attention, and comprehensively consider other traits for comprehensive
screening.
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Table 1 Broccoli materials and sources

Fesg dA N

Number Variety Source

1 1 520 PR A AR B B ST 0F TT T
Zhongqing 520 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
2 T 512 r [ O B 7 B R SRAE S BT LT
Zhongqing 512 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
Hh LA VR B B S8 0 T T
Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
rh LAV B B S AT T BT
Institute of Vegetables and Flowers, Chi-

3 16
Zhongqing 16

4 18
Zhongqing 18
nese Academy of Agricultural Sciences
5 118 rh AR B B ST 0 T BT
Zhongqing 118 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
6 518 PR AR B B SEAE ST 0T TP
Zhongqing 518 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
7 T SIH FR AR B B S AT 0F TT T
Zhongqing 51H Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
8 1 16H e 5] e MR 5 S 7 T
Zhongqing 16H Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
9 Hi 1035 T LA ML 2 B SR T T
Zhongqing 1035 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
10 T 192 H LA ML k2 B R AR T
Zhongqing 192 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
11 T 329 PP LA LA B B SE AT 0T T BT
Zhongqing 329 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
12 i 193 R E AR B B AR T TP
Zhongqing 193 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences

13 T N2 R AR B B ST TT T
Zhongqing N2 Institute of Vegetables and Flowers, Chi-
nese Academy of Agricultural Sciences
14 (e % H A3 Ak s vk
Naihanyouxiu  Sakata seed corporartion, Japan

MR =R E 6 A 2 HaEm T3 EGRIEE =0
V) HE RS FH o e Hb SR FH R b IR 7 55 R 2R, 2B
% 60 cm, 225 10 cm, B4 58 50 cm, B 2E 2 1T, Pk
P 50 cmo SRABEHLX H TS, 3 IRE K, /NX
10 m’e 5 DY J B R 4747, B TR B 24 i 48
SR H AP RFE— 3
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Table 2 Average value of tested broccoli traits

ifity VA Z Z Zs Zs Z Zs Z Z Z Z
f1# 520 Zhongging 520 56 6520 7440 1440 6342 2628 500 1154 1520 2688 384  0.60
f1# 512 Zhongqing 512 60 5640 7340 13.00 5380  21.50 1140 1396 15.18 976 386 0.0
f1# 16 Zhongging 16 60 57.00  67.10 11.80 5034  21.46 580 13.14 13.92 996 336 038
F 7 18 Zhongging 18 59 5500 6690 1520 5430 2276 10.60 12.68 14.22 9.44 322 034
F# 118 Zhongqing 118 59 57.00  68.60 1340 5588  22.26 1.80 1144 13.54 8.88  4.08 042
FF 7 518 Zhongqing 518 58  53.80  69.50 1440 5252 2222 9.00 11.84 14.42 1038 374 044
FF# 51H Zhongqing 51H 54 5580 6730 11.00  46.98 19.50 8.60 12.64 14.94 982 354 037
FF# 16H Zhongqing 16H 57 6720 6620 1460 6238  23.38 3.80 1276 14.72 9.60 372 041
FF# 1035 Zhongqing 1035 56 4580 5620  12.00  40.56  20.22 7.00  12.00 12.84 9.08  3.66 037
Fi 192 Zhongging 192 58 50.60 7130 1520 5392 20.10 520 898 11.38 6.66 322 029
F75 329 Zhongqing 329 64 6320  76.10 17.00 5338  24.48 820 12.68 13.74 926  3.62 046
H1#F 193 Zhongging 193 58 4880 7080 12.60 4530  19.10 3.60 1094 14.14 796 324 034
175 N2 Zhongging N2 62 6140 7250 1560  60.62  24.18 3.00 1048 12.70 716 342 037
it #4175 Naihanyouxiu 56 59.60 72.50  14.60 58.74 22.88 320 1344 1444 10.58 390  0.50
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Table 3 Dimensionless standardization of trait data of tested broccoli
=]
\”f”ﬁ Z Z z Z Zs Z z Z Z Zo Z Z
ariety
i 520 -0.8998 1356 1.0037 02897 14914 20152 -03835 -0.3803 1.1650 33779 08621 2.2985
Zhongqing 520
512 0.6271 -0.0842 0.7994 -0.5454 00116 -03261 17377 14710 1.1462 -0.1284 09344 1.0656
Zhongqing 512
16 0.6271 0.0140 -0.4873 -12612 -0.5206 -0.3457 -0.1184 0.8437 -0.0334 -0.0875 -0.8724 -0.4139
Zhongqing 16
FH 18 0.2454 -03133 -0.5281 0.7669 0.0886 02911 14726 04918 02474 -0.1940 -1.3783 -0.907 1
Zhongqing 18
118 02454 0.0140 -0.1809 -0.3068 0.3316 0.0462 -1.4442 -0.4568 -0.3892 -0.3087 1.7293 0.0793
Zhongqing 118
518 -0.1363 -0.5097 0.0029 02897 -0.1852 0.0266 09423 -0.1508 0.4347 -0.0015 0.5007 03258
Zhongqing 518
T S1H -1.6632 -0.1824 -0.4464 -1.738 -1.0374 -13057 0.8097 04612 09215 -0.1162 -0.2220 -0.5372
Zhongqing 51H
1 16H -0.5181 1.6832 -0.6711 04090 1.3314 0.5948 -0.7813 0.5530 0.7156 -0.1612 0.4285 -0.0440
Zhongqing 16H
1 1035 -0.8998 -1.8188 -2.7134 -1.1419 -2.0249 -0.953 0.2794 -0.0284 -1.0446 -02677 02117 -0.5372
Zhongqing 1035
192 -0.1363 -1.0333 0.3705 0.7669 0.0301 -1.0118 -03172 -2.3388 -2.4115 -0.7634 -1.3783 -1.5235
Zhongqing 192
i 329 21540 1.0287 13509 1.8406 -0.0530 1.1335 0.6771 04918 -0.2020 -0.2309 0.0671 0.5724
Zhongqing 329
T 193 -0.1363 -1.3279 02684 -0.784 -1.2958 -1.5016 -0.8476 -0.8393 0.1725 -0.4971 -1.3060 -0.907 1
Zhongqing 193
P N2 13906 0.7341 0.6156 1.0055 1.0607 09866 -1.0464 -1.1912 -1.1757 -0.6610 -0.6556 -0.5372
Zhongqing N2
[FES % -0.8998 04395 0.6156 0409 07715 03499 -09801 1.0732 0.4534 0.0395 1.0789 1.0656
Naihanyouxiu
x4 EEFYAZKE
Table 4 Difference sequence AZ,(K) values
i A Z, Z> Z Z Z. Z Z Z Z Z Z
Variety 1 2 3 4 5 6 7 8 9 10 11
I 520 3.1983 09426 12948  2.0088  0.8071 02833  2.6820  2.6788 1.1335 1.079 4 1.436 4
Zhongqing 520
i 512 0.4385 1.1498  0.266 2 1.6110 1.053 9 13917  0.6721 0.4054  0.080 6 1.1940  0.1312
Zhongqing 512
T 16 1.0410 04279  0.0733 0.8472  0.1067  0.0683  0.2955 12576  0.3805 03264 04585
Zhongqing 16
18 1.1525 05938  0.3790 1.6740  0.9956 1.1982 23797 1.398 9 1.1545 0.713 1 0.4712
Zhonggqing 18
HE 118 0.166 1 00652 02602 03860 02523  0.0331 1.5234 05361 0.468 5 0.3879 1.650 1
Zhongqing 118
518 04622 08355 03229 0.0361 0.5111 02993  0.6164 04767 0.1088 03273 0.174 9
Zhongqing 518
F S1H 1.1260 03548  0.090 8 1.201 1 0.5002  0.768 5 13469  0.998 4 1.4587 04210 03152
Zhongqing 51H
7 16H 0.474 0 17273 0.6270 04531 1.3755  0.6388  0.7372 05970  0.7596  0.1172 04725
Zhongqing 16H
7 1035 0.362 6 12816 21762  0.6047 14877 04158 08166 0.5088 05074  0.2695 0.748 9
Zhongqing 1035
192 13872  0.4902 1.894 1 22905 1.5536 05118 1.206 3 08152 0.8880 0.7602  0.1452
Zhongqing 192
T 329 1.5816 04562  0.778 5 12682  0.6254 05611 0.1047  0.0806  0.7744  0.8033 0.505 3
Zhongqing 329
i 193 0.7707  0.4208 1.1755 0.123 1 0.3888  0.5945  0.0595  0.0677 1.0796 04100 03990
Zhonggqing 193
7 N2 1.927 8 1.2713 1.1528 1.5427 1.5979 1.5238  0.5092  0.6540  0.6385 0.1238  0.1184
Zhongqing N2
T FE RT3 19654  0.6261 04500 0.6566 02941 07157 2.0457 0.0076 06122 1.0261 0.0133
Naihanyouxiu
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Table 5 Correlation coefficient between single plant yield and phenotypic quantitative traits of broccoli
1
pi At A pA z Z Z Z A Z Z Zy Zy
Variety
520 0.3349 0.6322 0.5552 0.4453 0.667 7 0.853 6 0.3753 03756 0.588 0 0.599 9 0.5293
Zhongqing 520
512 0.788 5 0.584 5 0.861 4 0.500 5 0.605 6 0.5372 0.707 4 0.801 6 0.956 6 0.5753 0.928 6
Zhongqing 512
T 16 0.608 6 0.792 7 0.960 7 0.656 8 0.9419 0.963 6 0.848 1 0.562 4 0.811 6 0.834 4 0.780 9
Zhonggqing 16
7 18 05839  0.7327 08123 04909 06192 05744 04038 05359 05835 0.6949  0.776 1
Zhongqing 18
i 118 09102 09654 08642 0.8094 08678 09844 05146 07525 07771 08086  0.4945
Zhongqing 118
518 0.779 5 0.660 0 0.836 0 0.982 6 0.761 4 0.846 4 0.7252 0.774 0 0.940 8 0.834 1 0.905 7
Zhonggqing 518
1 S1H 0.589 6 0.8223 0.950 8 0.573 8 0.765 4 0.678 6 0.545 4 0.618 6 0.5255 0.795 4 0.8393
Zhongqing S1H
i 16H 0.7750 0.4830 0.721 8 0.7829 0.540 2 0.718 0 0.6877 0.7316 0.6812 0.936 2 0.775 6
Zhongqing 16H
1035 0.8190 0.557 8 0.425 6 0.729 1 0.520 5 0.797 4 0.665 1 0.762 2 0.762 7 0.8599 0.684 3
Zhongqing 1035
F1i 192 0.5380 0.769 0 0.460 0 04131 0.509 6 0.761 2 0.5727 0.665 5 0.646 0 0.681 0 0.9211
Zhongqing 192
329 0.505 2 0.781 8 0.675 8 0.560 4 0.7223 0.743 8 0.9430 0.956 6 0.676 9 0.668 8 0.763 5
Zhonggqing 329
193 0.678 0 0.795 5 0.579 1 0.9329 0.808 3 0.7325 0.968 7 0.964 0 0.599 8 0.799 7 0.804 1
Zhongqing 193
i N2 0.4556 0.559 8 0.5839 0.5114 0.502 6 0.5145 0.762 1 0.713 1 0.718 1 0.932 6 0.9355
Zhongqing N2
i PR T 04508 07221 07841 07123 08487 06941 04408 10000 0.7266  0.6120  0.996 5
Naihanyouxiu
x6 BFUXBWKRTFESREKEMRNOXKELHF
Table 6 Correlation degree and rank of single plant yield and phenotypic quantitative traits of broccoli
Z#] Parameter Z, A A Z Zs Zs Z Zs Zy Zy Zy
R 0.6298  0.704 2 0.719 3 0.6501 0.6915 0.742 8 0.654 3 0.729 5 0.7139 0.7595 0.7954
W, 0.0808  0.0904 0.092 3 0.0835 0.088 8 0.095 4 0.084 0 0.093 6 0.091 6 0.0975 0.102 1
HEFP Rank 11 7 5 10 8 3 9 4 6 2 1
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Table 7 Weighted correlation degree and rank of broccoli

At TR BRE He
Variety Weighted correlation degree ~ Rank
FFi5 520 Zhongging 520 0.546 4 14
Fi 512 Zhongqing 512 0.7159 7
17 16 Zhongqing 16 0.799 2 2
17 18 Zhongqing 18 0.623 7 13
"7 118 Zhongging 118 0.793 3 3
" 518 Zhongqing 518 0.8235 1
"F 7 51H Zhongqing S1H 0.705 4 9
*3 16H Zhongqing 16H 0.713 8 8
F75 1035 Zhongqing 1035 0.689 8 10
175 192 Zhongqing 192 0.637 8 12
175 329 Zhongging 329 0.729 7

17 193 Zhongging 193 0.786 3 4
717 N2 Zhongqing N2 0.660 7 11
fif #4175 Naihanyouxiu 0.7337 5
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