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Abstract; This research mainly evaluated the index of cold resistance including capability, stability and a-
daptability of winter turnip rape ( Brassica rapa L.) in northern China by using GGE Biplot ( genotype and genotype
by environment interaction) analysis based on the data of over wintering rates of 43 tests in 25 environments of
northern China’s 11 Provinces ( Autonomous Regions, Cities) within two years continuously. The result showed
that cultivar effect was 55.12% , which was 2.5 times of environment effect, cultivar-environment interaction effect
respectively. Therefore, it was concluded that selecting varieties of super cold resistance played the outstanding role
in the production of winter rapeseeds ( Brassica rapa L.) in drought-cold regions of northern China. The cold-resist-
ant capability and adaptability of ¢ Longyou 6’ and ‘ Longyou 7’ indicated they were the best among 12 winter

rapeseeds ( Brassica rapa L.) cultivars. GGE double plotting analysis also showed that except Qixian and Tianshui,
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the other 25 pilot sites had good discrimination of cold resistance of cabbage winter rape varieties, which could be
used as a pilot project for cold resistance identification of northern winter rape, with Jingyuan, Linhe and Jingbian
as the best pilot sites. However, different sets (ecological regions) had various ecological conditions significantly,
so these regions had specific requirements for their special cultivar’ s adaptability. ‘ Longyou 6’ and ‘ Longyou 7’
adapt to all the pilot cultivation tested ; ‘07 Gaolan DQW—1-3" and ‘07 Lanzhou MXW-1-3" are suitable for cul-
tivation in Lhasa, Jiuquan, Dingzhou, Shunyi, Yanbian and other places. ‘06468’ is suitable for cultivation in
Tianshui. This study showed that the variety effect played a leading role in the winter rape overwintering rate, but
the environmental effect and the interaction between variety and environment also account for a large proportion of
the winter rape overwintering rate, so in the northern winter rapeseeds ( Brassica rapa L.) production, it was neces-
sary to comprehensively consider the variety, environment and the interaction between variety and environment, and
select suitable areas and varieties in different areas according to local conditions in order to ensure safe winter.
Keywords: winter rapeseed ( Brassica rapa 1..) ; over wintering rate; variety adaptability; ecological suitable

areas; GGE biplot; drought-cold regions of northern China
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Table 1 Basic information of tested varieties ( strains)
1865 Code A (R) Variety (strains) A Type HEFP AL Source
Gl g 6 5 Longyou 6 H3E# Brassica rapa Hift el K2 Gansu Agricultural University
G2 Bzl 7 % Longyou 7 F%A! Brassica rapa Rl K2 Gansu Agricultural University
G3 BEiH 12 %5 Longyou 12 FRA! Brassica rapa HR Al K2 Gansu Agricultural University
G4 07 2% DQW-1-3 07 Gaolan DQW-1-3 132 %Y Brassica rapa Hil Al K2~ Gansu Agricultural University
G5 07 22 M MXW-1-3 07 Lanzhoumxw—-1-3 F13% %Y Brassica rapa Hil Al K2 Gansu Agricultural University
G6 07 2£K 2 % -2 07 Lantian 2-2 F%A! Brassica rapa Hf Al K2 Gansu Agricultural University
G7 T 2 % Ningyou 2 FRA! Brassica rapa T BAH HL Ningxian Agricultural Technologic Center
G8 S 15 Pingyou 1 3% Brassica rapa S AR Pingliang Academy of Agricultural Sciences
G9 07302 227 Brassica rapa KIKAELIT Tianshui Academy of Agricultural Sciences
G10 06468 2% Brassica rapa KIKAELT Tianshui Academy of Agricultural Sciences
Gl1 0737 HZ£# Brassica rapa KIKAFLIT Tianshui Academy of Agricultural Sciences
G12 KM 4 5 (CK) Tianyou 4 HXA! Brassica rapa KIKAELFT Tianshui Academy of Agricultural Sciences
x2 BHAREERBER
Table 2 Basic information of testing sites
/BRI ER T FERSGE RS SITHAR BRI O
e B Hin M e g gl Bt AR BRI Negative
Code Site Provm(:e./ Aul(fflomous Latitude  Longitude Annual ‘ Coldest mom}t Extreme low ‘ accumulated
Region/ City temperature/ °C  temperature/°C  temperature/ “C
temperature/ “C
El B AKF Uumgi  H#t Xinjiang 43°77' 87°18’ 7.3 -12.1 -30.0 -1093.0
E2 $iB% Lhasa P Xizang 29°59’ 94°25’ 8.5 -0.7 -16.5 -51.7
E3 H B Huzhu i Qinghai 36°19’ 102°51' 8.3 -5.8 -21.0 -422.5
F4 IR Jiuquan H# Gansu 39°75' 98°52' 7.8 -8.9 -29.8 -746.8
E5 KK Tianshui Hl Gansu 34°06'  105°69’ 11.4 -1.5 -17.4 -151.0
E6 B Wuwei M Gansu 37°93"  102°63' 8.5 -7.2 -32.0 -520.5
£7 HZ% Jingtai Hiff Gansu 37°14"  104°05' 9.1 -6.1 -24.5 -469.0
ES )1 Shangchuan H i Gansu 36°03’ 103°40’ 7.4 -8.5 -27.7 -660.0
E9 237" Huining Hilk Gansu 35°72"  150°08’ 6.5 -6.4 -24.1 -527.5
EI0 HAJR Zhenyuan Hlt Gansu 35°07"  107°22’ 8.1 -8.9 -30.6 -706.4
El1 4RI Yinchuan T H Ningxia 38°47' 106°27' 9.5 -7.7 -26.1 -517.8
E12 @5 Jingyuan T X Ningxia 35°05' 106°33’ 9.4 -6.5 -24.3 -476.8
E13 IIfay] Linhe M52 Inner Mongolia 40°44’ 107°22' 8.7 -9.3 -27.2 -792.8
E14 Yl Jingbian PP Shaanxi 37°61' 107°89’ 8.8 -1.3 -27.3 -528.9
E15 BE Qixian 117G Shanxi 37°35"  112°33’ 10.1 -7.9 -24.1 -510.9
E16 R Jinyuan L7 Shanxi 37°73' 112°48’ 10.4 -7.0 -23.3 -335.1
E17 Kt Tianjin KH Tianjin 38°51' 116°51' 12.9 -3.0 -18.1 -245.1
E18 M5 S Shunyi Jt3T Beijing 40°73'  116°85’ 13.2 -7.3 -17.0 -207.8
E19 EM Dingzhou VT4t Hebei 36°06"  114°47’ 9.2 -11.2 -24.9 -694.3
E20 #7% &% Huludao ILT Liaoning 40°18’ 120°25' 8.5 -7.6 -32.9 -1006.2
E21 2t Suizhong iZT* Liaoning 40°20' 120°18’ 9.9 -9.3 -26.4 -535.3
E22 L 22J5 Pulandian  ILJ* Liaoning 39°23"  121°58' 9.7 -2.7 -18.8 -307.1
E23 JRUk Fengcheng jie Liaoning 40°47' 124°05' 9.2 -8.3 -25.8 -560.4
E24 £# Changchun FHK Jilin 43°87' 126°57' 6.1 -13.0 -33.7 -1382.0
E25 FE3] Yanbian FH K Jilin 42°52' 129°30’ 5.7 -10.7 -31.4 —-1165.7
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Table 3 Performance of over wintering rate (%) of winter rapeseed varieties (strains) in northern China during 2011-2012

'L;ti lf Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gl11 G12 Aijige Q;ﬁ
E2 72.03 83.44  71.17 76.63  79.57  59.07 66.66  33.15 60.76  59.37 4247  47.59  62.66kK 11
E3 85.20  84.67  79.64 82.12  79.02 81.25 60.06  79.47 53.15 71.43 73.17 69.23  74.87gG 7
E4 78.20  77.95 47.24 82.56  89.92  45.58 5497 4475 49.76  51.11 36.36 40.03 58.201L 13
E6 71.77 87.62  72.86 51.23 41.79 53.80 25.82  30.03 29.16  24.05 39.22 11.87  45.43qQ 18
E7 91.63 90.88 87.88 93.63 89.69 83.38 81.90  75.31 74.58 7630  73.73 78.30  83.10dD 4
E8 87.41 90.00 73.66  77.83  75.13 76.60  62.79  60.37  46.73 35.66  41.97  44.92 64.42j) 10
E9 91.92  90.06  90.32  91.58  92.07 83.34  78.56  80.65 79.95 74.71 78.84  77.79  84.15bB 2
E10  94.01 92.03 80.87 82.69 7297 83.07 78.97 89.87 76.06  80.59  79.81 80.13 82.59¢E 5
Ell  76.81 80.10  65.23 77.03 7320 66.00 56.27  58.93 60.75 59.97 5690  54.80 65.50il 9
E12 9291 91.78  77.10 86.80  81.81 77.02  78.00  73.16  70.90  72.06  71.98 72.91 78.87F 6
E13 7291 74.14  36.15 65.17 61.41 30.39  28.13 25.10 14.13 13.68 11.93 10.24 36.95tT 21
El14  80.99 8276  72.43 68.09  42.58 35.02  33.63 3337 21.26  21.02  20.50 18.65 44.19rR 19
E15 87.02  85.18 81.27 78.57 86.49 84.64 82.18 84.03 8526  83.30  85.63 81.28  83.74cC 3
E16  80.22  80.95 75.99 81.15 77.23 74.13 71.07 72.10 7032  68.84 68.29  63.07 73.61hH 8
E17 7413  76.60  65.87 70.63 7130  66.63 34.13 44.17 3529 4126  45.12 49.11  56.19mM 14
E18 98.30 97.21 90.47 96.95  98.53 98.34 7824 76.14  71.56  79.42 81.71 80.38  87.77aA 1
E19  72.27 83.21 71.05 76.18  79.78  58.93 66.43 33.17 60.65 59.38 4273 47.66  62.62kK 12
E20  70.18 70.07  22.07 60.00 43.97  22.93 19.87 6.40 7.76 14.83 21.16 14.97  31.18uU 22
E21  77.10 80.94  70.52 4456  84.28 22.04 2470 71.63  47.70 0.93 51.89 11.61  48.9900 16
E22  82.52 8293 45.03 10.30 7.20 17.78 9.79 24.66 10.84 14.34 12.92 1543  27.81vV 23
E23  75.06 74.06  46.50 7097  71.70  40.43 38.17 37.07 33.90 27.30  24.83 26.00  47.17pP 17
E24  70.00 72.66  37.43 66.48 59.03 35.43 29.23 25.73 21.20 19.67 19.77 23.15 39.98sS 20
E25  71.60 7277  55.00  66.77 60.97 42.07 44.14 4796  45.10 4523 40.08  40.84  52.7InN 15

Aiiie 80.88bB 82.70aA 65.90eE 72.08¢C 70.42dD 58.17fF 52.33hG 52.49gG 49.25iH 47.58k] 48.74j1 46.091K

Iiﬁ 2 1 5 3 4 6 8 7 9 11 10 12

TE :RARIR NG SB35 FR 22 540 8.3 (P<0.01) FI2E 5t .35 (P<0.05) o M-I (EARSR ] — S AP FE A 6] S i 1 22 5 A

WEAKE -G A F R A 225, ZEILERH S-N-K %, TIH,

Note : The different uppercase and lowercase letters in the table indicate extremely significant differences (P<0.01) and significant differences (P<

0.05) , respectively. The horizontal average represents the differences of the same variety in different pilot sites. The column average represents the differ-

ences between different varieties in the same pilot site. The S=N-K method is used for multiple comparisons. The same below.
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Table 4 Performance of over wintering rate (%) of winter

rapeseed varieties ( strains) in northern China during 2012-2013

A
Site

Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gl11 Gl12

S firk
Average Rank

El 98.60 98.30 63.53 97.50 80.87 78.70 8

1.60 69.47 80.37 62.82 83.90 62.00 80.55j1 12

E2 69.10 78.30 66.53 74.57 57.83 43.46 59.53 44.89 55.97 56.37 59.17 55.93 60.14mL 16

E3 94.30 94.73 85.97 94.99 94.97 87.96 79.90 80.94 79.93 7193 74.80 74.97 85.12eD 6
E4 98.50 96.73 95.86 90.70 98.07 71.70 85.73 69.59 81.28 94.47 84.47 60.43 85.63dC 5
ES 95.23 90.22 88.72 90.37 90.71 96.33 83.59 90.77 95.25 94.31 94.47 93.19 91.93aA 1
E6 94.07 9291 88.67 92.08 93.80 85.88 84.37 86.78 79.71 81.77 83.80 80.30 87.02¢cB 3

E7 94.03 94.87 71.71 93.67 94.03 76.40 70.90 78.83 79.06 75.00 78.85 79.96 82.78hG 10
E8 92.77 79.76 39.99 51.05 38.53 23.44 37.48 53.56 31.86 72.37 59.21 23.79 50.320N 18
E9 90.50 92.03 94.07 89.63 80.23 82.80 71.83 88.10 79.93 79.73 81.03 82.97 85.66dC

EI0 9517 95.70 85.40 86.00 82.07 86.63 64.07 87.03 82.17 83.77 81.83 85.30 84.59(E 7
Ell 89.83 90.91 77.92 81.73 79.77 74.93 74.73 70.93 73.87 75.99 75.94 73.97 78.38k] 14
EI2 9480 93.77 71.63 81.97 84.87 79.92 80.84 81.86 80.78 78.81 77.93 7190 83.09gF 9

E13 75.90 76.35 39.00 68.05 66.49 38.66 35.30 32.00 26.47 23.80 25.92 2523 44.43qP 20
E14 7993 83.80 75.53 71.97 46.71 40.90 38.63 35.70 24.69 24.11 22.53 20.80 47.11p0 19
E15 90.23 91.11 86.88 89.33 85.27 91.37 85.93 88.97 82.99 84.52 85.34 85.64 87.30bB 2
El6  8.02 83.20 82.20 85.53 80.35 80.27 78.07 71.87 82.07 79.71 80.53 80.37 81.85iH 11
E17 80.16 79.08 86.45 78.12 75.56 84.17 44.17 44.90 50.75 61.63 54.71 54.07 66.151K 15

E18 89.87 90.83 84.80 84.83 89.93 89.94 89.93 82.77 90.70 60.00 59.90 85.00 83.21gF 8
E20 96.85 80.89 70.47 44.30 84.17 20.10 24.67 71.67 47.49 4.57 52.03 11.73 50.74nM 17
E25 98.61 80.37 63.43 97.47 80.84 78.53 81.73 69.43 97.27 62.90 83.70 61.80 80.42j1 13
g
Aj;;e 90.07aA  88.19bB  76.54cC  82.49dD 81.06eE  70.60fF 67.95¢G 70.30ghGH 70.13hH  66.73il  70.00j] 63.77kK
.
ik 2 5 3 4 6 10 7 8 11 9 12
Rank
R5 AZHKET(R)EEXRKATEIMN
Table 5 Combined analysis of over wintering rate variance of winter rapeseed varieties ( strains) in northern China
W
KR e I i PR ¥y P
\ MY H 5T %
Source of DF SS . MS F value
o Percentage of SS
variation
2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
KVEST Total 827 719 493843.1 291468.2
Kb Treatment 46 40 1252.8 1433.0 27.23 35.83 146.73* " 14846~
FHHEAE (G) 22 19 266336.6 162840.8 54.08 56.17 12106.21 8570.57 6522491 3551597" "
HEE(E) 11 11 1342222 49825.0 271.25 17.19 12202.02 4529.54 65741.12* " 18770.18* *
ZHAEH(GXE) 242 209 91937.6 77263.2 18.67 26.65 379.91 369.68 2046.84 " * 1531.94" *
2% Error 506 440 93.9 106.2 0.19 0.24

oo AR KT (P<0.01)

Note; #* * stands for significance level at P<0.01.
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