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Screening and evaluation of low temperature tolerance of rapeseed (Brassica napus L.) at germination stage
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Abstract: To establish evaluation method for low temperature tolerance of rapeseed (Brassica napus 1.) at ger-
mination stage, 66 rapeseed lines were investigated under the conditions of 22°C and 9°C. The parameters including
germination potential, germination rate, germination index and mean germination time were investigated. After eval-
uation, materials were categorized by cluster analysis into different low temperature tolerance grades. The results
showed that 9°C (low temperature) decreased germination potential, germination rate and germination index, it also
prolonged germination time. The materials’ temperature tolerances were obvious among types: materials from mid-
land were more tolerant than those from north, semi—winter—type lines were more tolerant than spring— and winter—
type materials, conventional varieties were more tolerant than hybrids. The evaluation results from single indicators
were consistent with those from comprehensive membership values. Among the 66 materials, HS (hybrid of Qinyou
8 X €6013) was the extremely low—temperature—resistant variety, and S10 (Huifeng 1) was the sensitive one.
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Table 1 Tested materials and their characteristics

'S b He Fet

No. Variety Source Characteristic
43 20

S1 N S H
Mianyou 20
T4

S2 N S H
Qingza 4
T2

S3 N S H
Qingza 2
Tk 702

S4 N S H
Guanyou 702
FEAE I 900

S5 N S H

Dehengyou900

#RiMAR 145

S6 N S H
Yiyouza 1
WA

S7 N S H
Qingza 11
JELi 2k 812

S8 N S H
Guanyouza 812
S Z% 303

S9 N S H
Guanyouza 303
g

S10 N S H

Huifeng 1

ds Ah SFe Fedk

No. Variety Source Characteristic
il 21

H22 M SW C
Zheyou 21
il 205

H23 M SW C
Wanyou 20
eI 29

H24 M SW C
Wanyou 29
K 1%

H25 M SW H
Tianyouzao 1
F9H 730 )

H26 M SW H
Fengyou 730
il 145

H27 M SW H
Rongyou 14
i 924

H28 M SW H
Youyan 924
A2

H29 N SW H
Ronghuayou 2
4155

H30 M SW H
Mianyou 15
PR 131

H31 M SW H

Yangguang 131
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g4
EERE Y R Rtk %5 AR feilt Rk
No. Variety Source Characteristic No. Variety Source Characteristic
EZ S ER=
S11 N S H H32 C18(1801) M SW H
Qinzayou 4
HHRS S Hils =
S12 N S H W1 M
Qingza 5 Ganyou 5
L6 5 fetfa2
H1 M SW C w2 M
Zhongshuang 6 Nonglin 42
W65
H2 21937x9508(12%26) M SW (0 w3 M
Huaiyou 6
wh W 331
H3 M SW C W4 M
Wb zao Qianyou 331
Z2iM 85 xHi 3 B 73-1-2
H4 M SW C W5 M
Qinyou 8 X Peng 3 Enyou 73-1-2
241l 8 5% e6013 J11H 20
HS M SW (o W6 M
Qinyou8 X 6013 Chuanyou 20
A6 5% 9981 i 13 5
H6 M SW (0 W7 M
Zhongshuang 6 X 9981 Xiangyou 13
Z2il1 8 %9981 155
H7 M SW C W8 M
Qinyou 8 X 9981 Xiangyou 15
1 3xH243 s
H8 M SW C W9 M
Zhu3 x H243 Xiangyou 11
7 3x7789 i 106
H9 M SW C w10 M
Zhu 3x7789 Xiwang 106
1 3x i 2715 il 25
H10 M SW C W11 M
Zhu 3 X Shenyou 2715 Huayou 2
TP 655% 98V41 Pl 155
HI1 M SW C w12 M
Zhongshuang 6x 98V41 Huyou 15
Zilh 8 il 27842 U125
H12 M SW C W13 M
Qinyou 8xYou 27842 Huyou 12
. T
H13 Y114 M SW C w14 M
Shilijia
ARTIRRS
H14  2007R003 M SW C W15 M
Hongyou 3
it 18
H15  2007RO131 M SW C w16 M
Zheyou 18
it 758
H16  FC76 M SW C w17 M
Zheyou 758
Uit 14
H17  2007R033 M SW C W18 M
Huyou 14
Pl 18
HI18  04B08 M SW (o W19 M
Huyou 18
BO18xiil1 17 it 19
H19 M SW C W20 M
BO18 x Huyou 17 Zheyou 19
e 15 %5
H20  21937x9558 M SW C w21 M
Wanyou 15
hRL1E
H21 M SW C W22 Y00326 N
Zhongshuang 11

NG M P s S AR s SW 2 A s W &M CoB L H: 4538 5
Note: N: Northern; M: Midland; S: Spring; SW: Semi-winter; W: Winter; C: Convention; H: Hybrid
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Table 2 Seed germination of different rapeseed varieties under low temperature (9°C) and control (22°C)

. K% K% KEFFEEGL T35 % 2R R /d
) Germination vigor Germination rate Germination index Mean germination time
Varely: T oC R 2 oC R 2C oC R 2T o R
S| 947+13  867+21 0915 97.3+23  947+23 0973 13.9:24 41204 0295 20:03 72+18  3.69
S2 987+35  987+23  1.000 987446 98723 1000 207+14 68:08 0329 13:0.1 3.8:03 2918
S3 947+35  92.0:29 0972 1000500 933+2.0 0933 185:1.5 53:06 0285 16:02 50:0.7  3.047
S4  100.0£0.0  100.0:0.0 1.000 100.0:0.0 100.0:0.0 1.000 237+1.9 67+0.6 0284 1.1+02 4.0:03 3494
S5 100.0£0.0  89.3:2.1 0893 1000600  89.3+2.01 0893 244201 57+1.1 0232 11200 4.5:09 4228
S6 100.0£0.0  100.0:0.0 1.000 100.0:0.0 100.0:0.0 1.000 20.0:0.9 59:05 0294 14+0.1 4.4%06 3.171
ST 987:27  987+23  1.000 100.0:0.0  98.7+23 0987 23.8+1.3 7.4:00 031 1.1:02 34:0. 298
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23R
oo K EERI% KEFEEI% KEFFRELGL S5 % ZE I R/
) Germination vigor Germination rate Germination index Mean germination time
Vanely T o R 2 o R 22 o R 22C o R
S8 96.0+2.3 53.3+2.1 0.556 100.0+0.0 54.7+4.6 0.547 22.8+0.7 3.3+0.5 0.146 1.2+0.1 4.6+0.5 3.699
S9 97.3+1.3 78.7+3.5 0.808 98.7+2.3 80.0+2.4 0.811 23.3+04 4.7+1.1 0202 1.2+0.0 4.4+0.3 3.798
S10 100.0+0.0 41.3+3.7 0.413 100.0+0.0 50.7+2.1 0.507 23.7+0.7 2.7+1.3 0.113 1.1+0.1 5.9+1.1 5.253
S11 81.3+3.3 61.3£3.9 0.754 92.0+4.0 82.7£2.3 0.899 10.5+0.7 3.1+0.3 0.291 2.4+0.1 8.6+0.6 3.641
S12 90.7+1.3 78.7+2.3 0.868 90.7+2.3 88.0+4.0 0.971 18.6+1.4 49+0.3 0.261 1.4+0.1 5.2+0.5 3.826
HI1 100.0+0.0 90.7+2.6 0.907 100.0+0.0 92.0+4.0 0.920 23.5+0.5 7.3+0.2  0.311 1.1+0.0 3.5+0.1 3.156
H2 100.0+0.0 94.7+2.6 0.947 100.0+0.0 94.7+4.6 0.947 14.9+0.9 5.3+1.1 0.351 1.8+0.1 5.7+1.2 3.073
H3  1000£0.0 97323 0973 100.0:0.0 98.7+23 0987 124:0.1 52:04 0415 20:00 5.6:08 2782
H4  88.0:40 827423 0939  92.0:2.0  88.0:40 0957 13204 45:05 0343 20:0.1 69:0.6 338
HS  100.0£0.0 100.0:00 1.000 100.0:0.0 100.0:0.0 1000 140£0.0 7703 0549 19:0.0 34202 1.787
H6  98.0:12  960:20 0980 98.0:20  96.0:40 0980 19.9+08 7.2:0.6 0364 13201 34202 2574
H7  100.0:00  98.7+23 0987 100.0:0.0 100.0:0.0 1.000 197+1.3 65:0.1 0328 14201 4.1+0.1 2897
H8  97.3:13 933421 0959 973523 96040 0986 202+27 6709 033 15:0.1 43:1.0 287
HO  987+13 973423 0986 100.0:0.0 100.0:0.0 1000 18328 65:0.6 0357 14:0.0 44207 3.132
HI0 97313 973326 1000 97323  97.3:46 1000 19.5:0.5 63+0.5 0323 14200 5.1+07  3.638
HII 98713 960:20 0973  100.0:0.0  100.0:0.0 1.000 156+1.2 49:0.3 0314 18201 57+0.1 3.258
HI2 1000600 92000 0920 100.0:0.0  92.0:0.0 0920 21.1%13 6.0:0.4 0285 13:0.1 43:05 3.94
HI3 1000600  100.0:0.0 1000 100.0:0.0 100.0:0.0 1000 232:03 9.4:0.3 0405 11200 33202  3.000
HI4 1000600 92026 0920 100.0:0.0 973523 0973 14.6:1.0 47:08 0322 18201 60+14 3.239
H15 100.0+0.0 100.0+0.0 1.000 100.0+0.0 100.0+0.0 1.000 24.6+0.3 7.8+0.2 0.319 1.0+0.0 3.3+0.1 3.128
H16 100.0+0.0 100.0+0.0 1.000 100.0+0.0 100.0+0.0 1.000 24.5+0.5 7.4+0.6 0304 1.0+£0.0 3.6+0.5 3.449
H17 97.3+2.7 96.0+2.9 0.986 98.7+£2.3 96.0+2.9 0.973 19.7+0.7 7.4+04 0376 1.4+0.0 3.6+0.5 2.491
H18 97.3+1.3 97.3+2.3 1.000 98.7+2.3 98.7+2.3 1.000 12.9+0.1 4.9+0.5 0.38 1.9+0.0 6.3+1.2 3.23
H19 97.3+1.3 97.3+2.3 1.000 98.7+0.0 98.7+2.3 1.000 13.5+0.5 5.8+1.5 0432 1.9+0.1 6.4+2.6 3.351
H20 92.0+2.3 66.7+2.0 0.725 93.3+2.3 88.0+0.0 0.943 11.3+0.6 3.1+0.3 0.277 2.2+0.1 10.0+0.8  4.439
H21 96.0+2.3 96.0+2.0 1.000 100.0+0.0 97.3+2.3 0.973 16.3+0.8 4.8+0.9 0.292 1.8+0.1 6.0+1.1 3.301
H22 100.0+0.0 100.0+0.0 1.000 100.0+0.0 100.0+0.0 1.000 12.4+0.1 3.9+0.1 0314 2.0+0.0 9.9+0.8 4.882
H23 100.0+0.0 96.0+2.9 0.960 100.0+0.0 96.0+2.9 0.960 12.3+0.1 3.9+0.8 0.32 2.1+0.0 8.6+3.1 4.199
H24 98.7+1.3 44.0+2.1 0.446 100.0+0.0 94.7+2.1 0.947 11.8+0.4 2.840.5 0.234 2.2+0.1 9.7+0.7 4.443
H25 96023  89.3:2.6 0931 96040  92.0:40 0958 22.6:1.7 S54:0.6 024 11s0.1 47:10 4164
H26  96.0:23 933123 0972 08.7+23  933:23 0946 232+1.0 6.0+l 0265 12:0.1 4104 3469
H27 98713 973126 098 100.0:0.0 97.3:46 0973 21.8:03 5.6:0.3 0257 13200 4502  3.501
H28 98713  960+20 0973 100.0:0.0 97.3:46 0973 227+07 6.1:03 027 12:00 42:0.1 35
H20  947:35  640:33 0676 100.0£0.0 787+3.1 0787 15.6£0.8 34+12 022 19:02 7.0s14 3726
H30  813:48  57.3:32 0705 920469  747:22 0812 10.3:08 28:0.5 0268 24102 98:09 4064
H31 1000600  100.0£0.0 1000 100.0:0.0 100.0:0.0 1.000 232:0.1 9.5:02 0410 12:0.0 3.5:04 2917
H32 98723  987+¢23 1000 98740  987+23 1000 208428 7.8:02 0374 14200 33:0.1 2395
W1 97327 S47+37 0562 973+46  56.0:32 0575 12.1:06 22:09 0.185 20:00 7.5:09 3.715
W2 100.0:00 72038 0720 100.0:0.0  76.0:34 0760 12.5:0.0 3.0£0.9 0242 20200 7.6+17 3777
w3 98.7+1.3 45.3+3.6 0.459 98.7+2.3 92.0+2.6 0.932 10.9+0.1 2.7+0.5 0.246 2.4+0.1 9.9+0.6 4.212
W4 987+13 973323 0986 98723  97.3:23 098 123203 3.9:02 0315 20:00 8317  4.143
W5 100.0:00 893321 0893 100.0:0.0  89.3:2.1 0.893 125:00 4.1:04 0328 20200 5.6:05 2815
w6 90.7+2.7 58.7+2.1 0.647 92.0+4.0 85.3+3.2 0.928 10.8+0.4 2.8+0.2 0.257 2.2+0.1 10.3+1.5 4.69
w7 100.0+0.0 100.0+0.0 1.000 100.0+0.0 100.0+0.0 1.000 12.4+0.1 4.3+0.1 0.343 2.0+£0.0 6.6+0.8 3.237
w8 100.0+0.0 81.3+2.6 0.813 100.0+0.0 81.3+£3.6 0.813 12.3+0.2 3.3+0.2 0.27 2.0+0.0 7.0+0.5 3.408
w9 97.3+1.3 96.0+2.0 0.986 100.0+0.0 98.7+2.3 0.987 12.3+0.0 4.3+0.1 0.353 2.1x0.0 6.5+0.3 3.143
W10 97.3+2.7 73.3+£2.1 0.753 97.3+4.6 92.0+2.9 0.945 11.7+0.5 3.0+0.1 0.256 2.1+0.1 9.7+0.4 4.577
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e
o K EFEHI% K% KEFFREGL Sk 2R Al
) Germination vigor Germination rate Germination index Mean germination time
Yaely e o R 22 o R 2°¢ o R 22C o R
W1l 987+1.3  92.0:4.0 0932 98723  947+46 0959 12303 3.9+0.1 0316 2.0:0.0 7.5:1.0 3.748
W12 97313 38734 0397 100.0:0.0  54.7+22 0547 12.2:02 18207 0.149 2.1x0.1 10.1+1.8 4.833
W13 987+1.3  48.0:3.0 0486 100.0:0.0 93323 0933 10902 2.8:0.1 0255 24+0.1 10.4:0.1 4.346
W14 100.0:0.0  69.33.1 0693 100.0:0.0  92.0:40 0920 11.2%0.5 2.9:0.3 0263 2.320. 10.7:1.7 4.609
W15 947+3.5  52.0£33 0549 98723  88.0+4.0 0.892 107:0.1 2.80.3 0258 2400 10.0:0.5 4.107
W16 100.0:0.0  96.0:2.0 0960 100.0:0.0  97.3x4.6 0973 12.5:0.0 3.9:0.1 0315 2.0+0.0 8.6:1.3  4.324
W17 100.0:0.0 86726 0867 100.0:0.0  96.0:0.0 0960 12402 3.4x0. 0277 2000 102:07  5.01
WIS  947+3.5 73320 0775 98723  96.0:0.0 0973 11.9:0.4 3.1x03 026 2.10.0 9.5:0.6 447
W19 100.0:0.0  80.0:2.0 0800 100.0:0.0  97.3:23 0973 12.2:0.3 32:04 0264 2.1x0. 10.8:1.4 5239
W20 987:13  787+2.1 0797 100.0:0.0  97.3x4.6 0973 12.3:02 32:02 0262 2.1x0. 102:0.8 4.923
W21 100.0:0.0  947+22 0947 100.0:0.0 98723 0987 12.5:0.0 4.1:0.6 0325 2.0+0.0 82:24 4116
W22 100.0:0.0  96.0+2.0 0960 100.0+0.0  96.0+4.0 0960 12.5:0.0 4.0:0.7 0324 2.0+0.0 8.6:3.6 4.322
T a b - A B - A B - A B -

VE < RFER 4 B 0 AR T2 SRS TR0 s /N 7 R ST A TR0 25 53 K 0.0 R 7 R Sy AR TH o
257 B EHEKF 0,01

Note: R: relative value of each indicator; T: independent sample T test; Different lowercase letters indicate significance at 0.05 level by T test; Different

capital letters indicate high significance at 0.01 level
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AR CFR ) AR X & 28R A XS K2 Sk E)
100% 5 9°CAR I A5 14 T Y SR+ 19 & 28 48 BU0UM Y
T 22°C 4 R 0%~54. 9% , 66 1 i () A 45
ARl CR ) BAEXS & ZEH8 BT 6 T 25%~34. 9% Z
6], {4 H3 . H5 H19 H31 H32 % 38 Fh () Y
FEXT & ZE 38 BUAE 40% LA T 5 O°CAI IR 25 4 T S 32 A
T2 % 2R A 22°C 54 R 19 0~5. 99 1% , A 54
A A CR D) B AR XT3 & ZE 0 R 78 3d LB AU

HS (A3 & 2R RIAE 2d LATF &
2.3 REREHW

HR 4l 5 6 b SR T eR A1 A A o 25 REUS 21
BARPR AL , Forh R ZE 3T ALE R 0. 202, K&
RS BT A 0. 183, K 215 K0T (5 BUALE N
0. 274, V-3 % 2R A BT o5 AOACEE R 0. 341, #RAE 45
B AT 14 SR T8 pRBUE LA 4548 B I o7 1A 545
£ 66 73112 SRl (R ) & A MLRA K8 R BUE 3=
3, ARl AR ] 255 SR s R AU A AE 3 22 57, 66
i Bl (R ) 2RA S5 JE PR ELE <0. 4 1) AP A S10.,
H29 W1 LI & W12, 2565 5§ @ R A fH>0. 8 1Y A H3 .
H5.H17 .H31 Ff1H32,

®3 REMEFHTHEMHFHLNRERLE

Table 3 Membership function value of rapeseed germination under low temperature

il REFHIUL RHFHIU2 KEFHEEUU3 V-2 K ZEmFE] /U4 Ly e )m s EUE/D
Variety Germination vigor Germination rate Germination index Mean germination time  Integrated membership function values
S1 0.888 0.950 0.418 0.454 0.623
S2 1.000 1.000 0.496 0.676 0.751
S3 0.938 0.878 0.393 0.639 0.676
S4 1.000 1.000 0.392 0.510 0.666
S5 0.858 0.804 0.273 0.300 0.497
S6 1.000 1.000 0.415 0.603 0.704
S7 0.994 0.976 0.452 0.658 0.727
S8 0.410 0.168 0.075 0.452 0.288
S9 0.600 0.467 0.205 0.423 0.407
S10 0.070 0.095 0.000 0.006 0.033
S11 0.810 0.814 0.409 0.468 0.584
S12 0.824 0.937 0.339 0.415 0.572
H1 0.876 0.853 0.455 0.607 0.665
H2 0.929 0.902 0.449 0.533 0.658
H3 1.000 1.000 0.670 0.652 0.791
H4 0.885 0.920 0.528 0.543 0.677
H5 1.000 1.000 1.000 1.000 1.000
H6 0.973 0.950 0.575 0.774 0.792
H7 1.000 1.000 0.493 0.682 0.753
H8 0.951 0.975 0.442 0.789 0.761
H9 1.000 1.000 0.559 0.614 0.747
H10 0.976 0.951 0.481 0.469 0.663
HI11 0.982 1.000 0.461 0.578 0.705
HI12 0.894 0.853 0.395 0.568 0.639
H13 1.000 1.000 0.670 0.652 0.791
H14 0.947 0.951 0.478 0.584 0.695
HI15 1.000 1.000 0.471 0.615 0.724
H16 1.000 1.000 0.438 0.602 0.710
H17 0.952 0.934 0.603 0.798 0.801
H18 0.994 0.992 0.613 0.483 0.715
H19 1.000 1.000 0.732 0.551 0.774
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aih i KEFHIUL KZFARIU2 R ZHAREUU3 SR S 2 ] /U 4 gz s sREUE/D

Variety Germination vigor Germination rate Germination index Mean germination time  Integrated membership function values
H20 0.829 0.895 0.375 0.239 0.516
H21 1.000 0.951 0.410 0.566 0.681
H22 1.000 1.000 0.460 0.112 0.549
H23 0.947 0.927 0.474 0.308 0.596
H24 0.533 0.902 0.276 0.238 0.430
H25 0.908 0.924 0.290 0.318 0.540
H26 0.945 0.893 0.348 0.518 0.626
H27 0.982 0.951 0.331 0.508 0.636
H28 0.958 0.951 0.361 0.509 0.640
H29 0.364 0.609 0.008 0.000 0.187
H30 0.717 0.654 0.356 0.347 0.480
H31 1.000 1.000 0.681 0.676 0.802
H32 1.000 0.988 0.598 0.826 0.828
Wi 0.259 0.000 0.166 0.447 0.250
w2 0.788 0.743 0.388 0.569 0.595
W3 0.726 0.868 0.305 0.304 0.493
w4 0.976 0.967 0.462 0.324 0.611
W5 0.858 0.804 0.494 0.705 0.696
wo6 0.711 0.840 0.330 0.167 0.445
w7 1.000 1.000 0.528 0.584 0.729
w8 0.752 0.657 0.360 0.535 0.553
w9 0.965 0.976 0.550 0.611 0.732
W10 0.854 0.899 0.328 0.200 0.495
W11 0.910 0.917 0.466 0.438 0.629
w12 0.000 0.168 0.087 0.280 0.150
W13 0.318 0.878 0.326 0.266 0.405
W14 0.593 0.853 0.343 0.191 0.435
W15 0.401 0.802 0.333 0.334 0.433
W16 0.947 0.951 0.463 0.272 0.585
w17 0.823 0.927 0.376 0.076 0.465
W18 0.701 0.950 0.338 0.230 0.487
W19 0.734 0.951 0.347 0.010 0.421
W20 0.731 0.951 0.341 0.101 0.449
W21 0.929 0.976 0.487 0.332 0.613
w22 0.947 0.927 0.484 0.273 0.586

e

Weight 0.202 0.183 0.274 0.341 —
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0.6 MR (R S) o JLERIM M T 255 R E R
BAE N 0. 52, o EB I R 17 25 A SR R R EUE N
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Table 4 Correlation coefficients between traits of germination and values of comprehensive membership functions

. R ZF B KA REFIREL S8 K ZE I ] gtk e iU
Trai Germination Germination Germination ~ Mean germination  Integrated membership function
rait
vigor rate index time values
SRR
1.000
Germination vigor
0.835%* 1.00
Germination rate
& i
0.741%#%* 0.688%#* 1.00
Germination index
4% ] ,
—0.544%* -0.298* —0.642%* 1.00
Mean germination time
LR S e R U
0.890%** 0.764+%* 0.8827#%* -0.815%* 1.00
Integrated membership function values
T R R IR 22 53/ T 0.05 3K R XB I IR 22 52 /N T 0.01 M K-F
Note: * indicate significance at 0.05 level; ** indicate high significance at 0.01 level
x5 AERBEEESMNEESRERHE
Table 5 Integrated membership function values of different types of rape varieties
LRGSR s s EUE/D
I D206 IyE Integrated membership function values
0.
Type Number AR S HE brifE2E 5 AL
Range Averange SD CV
JL#E Northern 6 14 0.03~0.75 0.52 0.22 0.42
S Midland 31 51 0.15~1.00 0.61 0.16 0.26
1 Spring 6 12 0.03~0.75 0.54bAB 0.2 0.37
& Semi-winter 25 32 0.19~1.00 0.67aA 0.14 0.21
4% Winter 6 22 0.15~0.73 0.51bB 0.14 0.27
L Convention 26 46 0.15~1.00 0.61 0.16 0.26
2238 Hybrid 11 20 0.03~0.75 0.55 0.19 0.35

T A /NG PR AR AR 22 52 0 T 0.05 W2 KCF s A RS 5 B\ R AR RSB 22 53K T 0.01 Wt 35K F-

Note: Different lowercase letters indicate significant differences at 0.05 level; different capital letters indicate highly significant differences at 0.01 level
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