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Abstract To explore the low temp er ature germination characteristics of rapeseed, 8 main cultivars were
selected for germination experiments in incubators at 20, 16, 12 and 8 “C, respectively, to measure and analyze
the germination potential, germination rate, root length, bud length, etc. The results showed that there was
significant difference in the germination potential of tested rapeseeds at temperatures. And the low temperature of
8 C was significantly reduced the germination potential. With the decrease of germination temperature, the
growth of roots and buds were inhibited significantly. There were significant differences both in temperatures and
varieties. The germination potential, root length and bud length could be used as the main index to evaluate seed
germination of rapeseed under low temperature. In addition, to screen varieties suitable for spring sowing as
green manure, the spring sowing test was carried out. The study found that the fresh grass yield of "Huyouzao No.
1' was 1712.53 kg/m2, which was much higher than other 7 varieties. Its relative root length was second only to
"Huyoul7' and its relative bud length next to 'Huyoufei No.1' at 8 ‘C, respectively. The results can provide a
reference for early spring sowing of rapeseed as green manure.
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Table 1 Comparison of rapeseed germination indicators under different temperatures

e () R (%) R 2(%) A (em) Z#FK(cm) 30 #REETE(g)
Material Temperature Germination Germination Bud length Root length Weight of 30
©) potential (%) rate (%) (cm) (cm) plants (g)
16 20 94.00+2.00 96.67+1.15 8.14+0.37 6.58+0.29 2.51£0.12
Huyoul6 16 96.00+4.00 96.67+3.06 5.29+0.50 4.49+0.28 1.924+0.05
12 86.00+2.00 93.33+3.06 4.93+0.18 2.88+0.27 1.44£0.11
8 27.335.77 92.67+2.31 1.54+0.19 1.20£0.25 1.00+0.07
17 20 98.67+2.31 98.67+2.31 9.56+0.53 6.26+0.30 2.38+0.07
Huyoul7 16 100.00+0.00 100.00£0.00 5.80+0.72 4.33+0.18 1.76£0.08
12 98.00:£0.00 100.00£0.00 6.71£0.22 2.82+0.26 1.30£0.01
8 0.00£0.00 100.00£0.00 3.26+0.37 0.85+0.05 0.87+0.01
i 21 20 100.00£0.00 100.00£0.00 10.08+0.91 5.19+0.43 1.94£0.08
Huyou21 16 100.00£0.00 100.00£0.00 4.69+0.18 3.67+0.21 1.20+0.05
12 97.33+1.15 98.67+1.15 6.62+0.11 2.35+0.06 0.94+0.01
8 8.67+2.31 92.67+4.62 2.75+0.30 0.77+0.20 0.63+0.04
i 25 20 100.00£0.00 100.00£0.00 9.49+0.69 6.52+0.35 1.83+0.08
Huyou25 16 100.00£0.00 100.00£0.00 6.51+0.33 4.76+0.46 1.34£0.08
12 100.00£0.00 100.00£0.00 5.88+0.85 2.70£0.37 0.96+0.06
8 0.67£1.15 96.67+3.06 1.61+0.33 0.84+0.12 0.62+0.04
il 039 20 100.00£0.00 100.00£0.00 10.94+0.20  6.74+0.13 2.22+0.08
Huyou039 16 100.00£0.00 100.00£0.00 5.95+0.86 4.15+0.32 1.49+0.07
12 100.00£0.00 100.00£0.00 6.89+0.08 3.12£0.13 1.24+0.01
8 26.00+5.29 100.00£0.00 1.90+0.10 0.82+0.07 0.77£0.02
Fi45H%A 20 98.67+2.31 100.00+0.00 11.08+0.52 5.410.63 1.48+0.09
Qingza No.4 xuanxi 16 99.33+1.15 99.33+1.15 6.11+0.96 3.34£0.15 0.98+0.09
12 98.00+2.00 99.33+1.15 5.90+0.27 2.1910.15 0.83+0.05
8 2.00+3.46 100.00£0.00 2.06£0.15 1.01+0.09 0.59+0.02
PR 1S 20 98.67+2.31 99.33+1.15 7.81+0.34 5.40+0.37 1.77£0.01
Huyouzao No.1 16 99.33+1.15 99.33+1.15 4.96+0.92 3.88+0.33 1.17+0.08
12 96.00+2.00 100.00+0.00 4.4540.11 2.69+0.21 0.96+0.03
8 3.33+3.06 92.00+2.00 2.18+0.26 1.01£0.14 0.66+0.02
VHAE 1S 20 96.00+5.29 98.67+1.15 6.92+0.60 4.58+0.43 2.05£0.05
Huyoufei No.1 16 95.33+3.06 98.67+1.15 6.09+0.24 3.66+0.18 1.5120.01
12 91.33+4.62 100.00+0.00 4.4110.16 2.98+0.22 1.200.04
8 8.00+2.00 61.33+3.06 1.55+0.22 1.02+0.18 0.74+0.03
g F-Value 0.67 1.20 3.05 2.83 23.12
Variety P-Value NS NS * * ok
AbFE F-Value 371.05 2.51 100.02 207.46 226.40
Treatment P-Value *k NS *ok *ok *k
w3 F-Value 111.79 1.59 32.14 64.22 84.10
VarietyxTreatment P-Value K NS *K *K K
A5 R (%) 8.56 6.60 14.44 12.01 7.77

Coefficient of variation (%)

E:NS ZAR#E; * BE KT (p<0.05); ** BB # KT (p<0.01)
Note: NS means no significant different; *significantly different between treatments at p<0.05; **significantly different between treat-

ments at p<0.01
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Table 2 Effects of temperature on germination indicators of eight rapeseed varieties

HBECC) R (%) R Z(Y%) i (cm) FK(cm) 30 PR H (g)
Temperature ('C) Germination potential (%) Germination rate (%) Bud length (cm) Root length (cm)  Weight of 30 plants (g)
20 C 98.26a 99.18a 9.25a 5.84a 2.03a

16 C 98.74a 99.25a 5.69b 4.05b 1.43b

12°C 95.83a 98.91a 5.73b 2.73¢ 1.10c

8T 9.5b 91.93b 2.13c 0.94d 0.74d

T A BbR A R 7 BEROR Z2 57498 0.05 &2 7K1

Note: Values followed by the different letters within the same column are significantly different at p<0.05

R 3 Fk 5]

Table 3 Phenological period of rapeseed for spring sowing

R Eig i EiiiE 22 HIHEH] R 5 3] EiiiE 22l HIAEH

Material ~Sowing time Bolting time Initial flowering time Material Sowing time Bolting time Initial flowering time
P16 3/16 5/7 5/18 VI 039 3/16 5/5 5/15

Huyoul6 Huyou039

V17 3/16 5/9 5/18 HR 4 TIER 3/16 4/26 517

Huyoul7 Qingza No.4 xuanxi

21 3/16 5/4 5/15 Akl R I 3/16 512 5/13

Huyou21 Huyouzao No.1

yh2s o 3/16 5/5 5/15 T 1S 3/16 517 5/15

Huyou25 Huyoufei No.1
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WA A R 45 25 X 55, 2012)0 TR R R E 2 2
)T FAERHERREAEY) , 2250 A T KL, R A e
77 7 N H KR e SR IR I AL =TT EK

T 3 T S T I 1 Bk AR A IR R 2 15
REmS IE 4 0 R (B A2, 2019). FLARKIR J2 PR i Fh 1
B R (1) — A S B AR W ha TR 7, R T
R M, FH R]HH AN 55 5 foe 24 S M) A S s RN A 47
EOOKERZE, 2020) . [K I, BF 70 I8 52 5 R AS [F] i %
P P e S R AIE B N A A B A . A
RIGAH S M R I, AR T b 1) A R e 7 i 5
TR B R R A SGE R R B K, v RE S %
PG FHRA R (WEME 1 AR HSSENS T
13~19°C) (Bl 1)o AT, gl mFpE 12 'C LA E
ZAF TN AREE 3 d, REAFFAIL 86% LA b, HAE M A .
st MR 22 S AN B AR, BT DA, R I SE Foh - R
G, /N DX B R T S K A R e T 1)
Z5t . HRIEREE 8 CH, KEB AN 8 d A ]
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Table 4 Some agronomic traits of rapeseed for spring sowing

et R Fi(em) PR (g) N FE(RE /m?) i L B (g/m)
Material Plant height Per plant weight Density Grass yield

Wi 16 40.44+1.34de 37.74+10.31bc 29.67+0.58b 1122.83+322.13bc
Huyoul6

17 39.13+2.34de 37.73+3.78bc 27.47+0.82¢ 1036.81+108.81bc
Huyoul7

W 21 55.17+0.85¢ 51.91+10.89a 27.36+1.10c 1419.55+303.90ab
Huyou21

VI 25 43.57+4.70d 44.14+6.82ab 30.02+0.03b 1325.30+206.27b
Huyou25

I 039 37.23+4.27e 29.39+0.69¢ 30.00+0.00b 881.80+20.69¢
Huyou039

HA 4 FGHA 70.07+3.72a 42.21+4.36ab 30.00+0.00b 1266.30+130.76bc
Qingza No.4 xuanxi

PR 1S 61.47+2.98b 53.5246.09a 32.00+0.00a 1712.53+194.97a
Huyouzao No.1

PIHIE 15 42.67+1.55de 48.58+4.11ab 27.00+0.00c 1311.57+110.84b
Huyoufei No.1

A2 5t ZHU(CV, %) 5.99 15.72 1.85 16.19

Coefficient of variation

VERE: A —SIbR ISR 7 BEFROR 22 7495 0.05 B3 K1

Note: Values followed by the different letters within the same column are significantly different at p<0.05

30 —— maximum temperature

= minimum temperature

Temperature /°C
=

Days after sowing

P 1 it a2t A R iR H A2 i

Figure 1 The daily maximum and minimum air temperature rang-

ing after rapeseed spring sowing
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TR, R IHISE o i R SR G IR PP AN B b 5 5

W AR, AN AR ARG UK R
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IR . 145 RS AT AR AR T T —
HFESCEE, 2019; HKEGFREE, 2020), LEAR, 8 437 3%
A PP FERA R WX 8 CRIURK, X 5RTimt figs R —
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IMBLE R
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Table 5 The correlation analysis among rapeseed germination traits and spring sowing biomass

IR T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 Ti1 T12 T13 Ti14 TI5 Ti6 TI17
Trait

T2 0.94™ - - - - - - - - - - - - - - - -
T3 -0.05 -0.23 - - - - - - - - - - - - - - -
T4 -0.12 -0.17 -035 - - - - - - - - - - - - - -
T5 -0.52 -0.56 0.22 -0.51 - - - - - - - - - - - - -
T6 -0.24 -0.15 0.00 0.00 -0.05 - - - - - - - - - - - -
T7 021 024 056 055 -0.61 038 - - - - - - - - - - -
T8 -0.27 -045 0.64 039 0.06 002 -032 - - - - - - - - - -
T9 0.14 020 -037 -0.34 -0.12 0.13 035 -0.79 - - - - - - - - -
TI0O -0.39 -0.16 -0.29 0.03 0.04 0.87" 026 -0.12 0.06 - - - - - - - -
Til1 026 035 0.14 003 -047 0.64 045 0.02 -0.12 049 - - - - - - -
TI2 050 0.65 -0.51 -032 -033 032 040 -0.80" 0.76" 033 024 - - - - - -
TI3 020 034 -0.59 -034 0.01 0.17 048 -0.94" 0.75" 021 0.14 073" - - - - -
Ti4 049 052 0.00 -0.59 -0.12 -0.38 0.00 -0.68 0.57 -044 0.04 044 0.61 - - - -
Ti15 -030 -0.33 0.15 -040 0.14 0.12 -0.05 -024 069 029 -009 034 022 0.13 - - -
Ti6 -037 -041 0.07 -0.32 029 -0.08 0.07 -039 061 -020 -0.26 0.01 047 050 059 - -
T17 -0.14 -0.27 0.70 -0.40 0.15 -0.29 -0.34 0.14 0.15 -0.53 -0.11 -035 -0.12 0.49 038 0.69 -
T8 030 -0.03 045 0.12 0.09 -0.39 -0.09 0.45 -0.18 -0.73" -0.33 -0.39 -0.38 -0.04 -0.20 0.03 0.33

T T1: 85 B (g/m2); T2: Ak (g); T3: 16 CHENS & 43 T4: 12 CHEXS & 2 #; T5: 8 CHIN K2 T6: 16 CHIN K4 %,
T7: 12 CHHXF AR A, T8: 8 "CHIR A ZF 35 T9: 16 CHIXF AR T10: 12 CHII AR T11: 8 CHIXF AR T12: 16 CHIX K
T13: 12 CHINZFK; T14: 8 CHINFZEK; T15: 16 CHIXFEEE; T16: 12 CHINEEE; T17: 8 CHINIEEE; T18: B (Fk /m2); * #
IRTE P<0.05 /K-FIEF B3 72 7 ** FIRTE P<0.01 KFEH) 8 2 7%

Note: T1: Grass yield (g/m2); T2: Per plant weight (g); T3: Relative germination potential at 16 ‘C; T4: Relative germination potential
at 12 °C; T5: Relative germination potential at 8 'C; T6: Relative germination rate at 16 ‘C; T7: Relative germination rate at 12 °C; T8:
Relative germination rate at 8 'C; T9: Relative root length at 16 ‘C; T10: Relative root length at 12°C; T11: Relative root length at 8
‘C; T12: Relative bud length at 16 ‘C; T13: Relative bud length at 12 ‘C; T14: Relative bud length at 8 °C; T15: Relative weight at 16
C; T16: Relative weight at 12 “C; T17: Relative weight at 8 'C; T18: Density (plants/m2); *: significantly different between treatments
at P<0.05; **: significantly different between treatments at P<0.01

039 YHE 15 R 1 S A R 4 S
1 Z2 4 8 AR A [R] F) H 0 7R 3l S A O 6 4
B IF A AR A R G0 B R 4 0. e,
Y16 U LT Y 210 Y 250 A Y 039"
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s AL 1S A PR 1S DR A R
KERNEERAT A 45 RN AL R
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396 22 A WS SR A AL 35 1 TG 09 TR A i
NEA 2 BLREIEAUN R IR ML (=9 cm)H, FF1IL 50
B, N 20 mL TR 2518 7K, 20 A E T 20,1612 F1 8
TN LAMEFE AT R A5, 3 IREE, A
M5 3 d EG T RFEO, FFtER TR
00 PR (%)=5 3 d RFFTHUHHA AT

S Hx100%. BEAFPFIES: 5 d A A SRS AR,
WA A R 2R, B FiT R 2 R (%) =R IR &5 A
(R ZE b7 i B AR A T B 20 100%, BE Ak, TR L
BEALEL 10 ANFE &I e HZF ORI, DL R i A4t HX
30 BRI L

3.3 HREBAR

e B TE R 5 B H S AL SRR, T 2020 4R
3 H 16 H AN THUET Lifg i ok R 2= B AT 28 Ak
B3ty o 6% A KRR IR BHAR PN L, Bl — & R B
KA, FEVR O, FE M AT — A 10% 5 H i BR 5, #&
Ja MR PR R R LB 4, iR R AR
25 kg/ Wi, BIEJRE Skg/ W /NXTHA N 25 m2, 4%
PN 25 g, BENLIX HHEZ, EEZ 3 k. 5 H 13 HF
A X BE AL EL 10 PRI &k e A Ak 5, R



8 A= b A (TR I A R S R Rl 7

AINX R A
34 HIEAIES 5T

K B Excel 2010 X Bt #2547 % BLF1 23 47
THE ST E VIR T a2 7 R % A SAS9.2
A S EREAT G

1E& ok

RN EARRRAH T L8 5 T AL is
WETERIPRAT N 5 2 5 58 B EE 73 B 8 ST AR )
GRS R R S 5B G EHR R
o LR FIER KR I ML H S 50 LR
SN R IR B[R] R R A SR

Bigt
AHFFCH EZK B ARFF 34T H (31901502) % Bl

Sk

Cao W.D., Bao X.G., Xu C.X., Nie J., Gao Y.J., and Geng M.J.,
2017, Reviews and prospects on science and technology of
green manure in China, Zhiwu Yinyang Yu Feiliao Xuebao
(Journal of Plant Nutrition and Fertilizer), 23(6): 1450-1461.
(B R, AL IR B, S, W%, BRIIEE, 2017,
2 JERHIE 60 4E [71 5 AR SR IR B2, /M 77 5 NURL 24,
23(6): 1450-1461.)

Chang B.W., Zhong P., Liu J., Tang Z.H., Gao Y.B., Yu H.J.,, and
Guo W., 2019, Effect of low-temperature stress and gib-
berellin on seed germination and seedling physiological re-
sponses in peanut, Zuowu Xuebao (Acta Agronomica Sini-
ca), 45(1): 122-134. (& 13, B0, X745, A AE Sk,
TB A, FBH, 2019, (KR A AN 25 85 30 T8 AR PR R
FIg)y e A FRmE N B SN, VEVI AR, 2019, 45(1): 122-134.)
Chinnusamy V., Zhu J.K., and Sunkar R., 2010, Gene regu-
lation during cold stress acclimation in plants, Methods in
Molecular Biology, 639: 39-55.

Elliott C.W., Fischer D.G., and Leroy C.J., 2011, Germination of
three native lupinus species in response to temperature,
Northwest Science, 85: 403-410.

Huang H., Yan L., Lv Y., Ding X.Y., Cai J.S., Cheng Y., Zhang
XK., and Zou X.L., 2019, Screening and evaluation of low
temperature tolerance of rapeseed (Brassica napus L.) at ger-
mination stage, Zhongguo Youliao Zuowu Xuebao (Chinese
Journal of Oil Crop Sciences), 41(5): 723-734. (¥ %%, E %,
B, TR, SR, BEH, KR, A58, 2019, HE

U 3 A 4 MG IR T P VR A S5 AR 0 ade, v [ il A
YR, 41(5): 723-734.).

Li F.D., and Yin C.B., 2019, Assessment of the functions and e-
cological services values of green manure in paddy fields in
South China, Zhongguo Shengtai Nongye Xuebao (Chinese
Joumal of Eco-Agriculture), 27(2): 327-336. (43¢, F &
K. 2019, B 77 FE X SR ALAE S IR S5 Th e S AR S O B VR AL AT
7, HE AR AR, 27(2): 327-336.)

Lu Z., Shi D.Y., Gao X.Y., and An Y., 2012, Effects of alfalfa
green manure on rice yield and soil fertility, Caoye Kexue
(Pratacultural Science), 29(7): 1142-1147. (X &, &M =
NI, 22, 2012, AR TS SRR K KRG P 2R R
FIE2M, Flb Rl 29(7): 1142-1147.)

Lv Y., Huang Y., Zou X.L., Luo D., Wang X.Y., Bao W.Z., Chen
J.J., Ma H.Q., and Cheng Y., 2020, Researches on evalua-
tion, physiological and molecular mechanism of rapeseed
low-temperature resistance, Zhongguo Youliao Zuowu Xue-
bao (Chinese Journal of Oil Crop Sciences), 42(4): 527-535.
(B #, 3008, 8838, DY, £/ M T, R, i
i1, B2 5, 2020, WS HUAR IR I PRAN 8 b5 55 4 7 A BEAL A1
W FLE e, A BB EY 4R, 42(4): 527-535.)

Xian M., Luo T., Khan M.N., Hu L.Y., and Xu Z.H., 2017, Iden-
tifying differentially expressed genes associated with toler-
ance against low temperature stress in Brassica napus
through transcriptome analysis, International Journal of A-
griculture and Biology, 19: 273-281.

Xian M.Z., Yang P., Hu L.Y., Xu Z.H., 2015, Comprehensive e-
valuation of low temperature tolerance in rapeseed during
germination and emergence periods, Zuowu Zazhi (Crops),
(5): 116-122. (BEFSR, ¥, B8, 4 1EHE, 2015, WhEEFh
TR R IR VRN, (EIARAE, (5): 116-122.)

Zang R.D., Xiao M.Y., Xu X.X,, Jiang B., Xing Y F., Chen X'F.,
Li B., Ai X.Y., Zhou Y.F., and Huang R.D., 2020, Respons-
es of sorghum hybrids to germination temperatures and iden-
tification of low temperature resistance, Zuowu Xuebao (Ac-
ta Agronomica Sinica), 46(6): 889-901. (K ¥fiA%k, H &, 1%
WS, LK, TE L, B/, 2238, WE=, K, 8
¢, 2020, e GE X 1 R T FEE A M 824 AT 5 AR
e S48 E, TEV2E, 46(6): 889-901.)

Zhu J.F., Zhang J.Y., Yang L.Y., Jiang M.Y ., Jiang J.X., Li Y.L,,
Wang W.R., and Zhou X.R., 2019, Identification of rape
(Brassica napus L.) germplasm resources with low tempera-
ture germination tolerance, Shanghai Nongye Xuebao (Acta
Agriculturae Shanghai), 35(4): 22-27. (R & X, 5kRIE, ¥
SLH, WM, TR, RRER, EARSR, AERSE, 2019, H
W SR T AR A 2 e BT R R A B, Bk R, 35
(4): 22-27.)



