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Adaptability and utilization of cabbage-type winter
rapeseed in the cold-arid regions
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3. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining, Qinghai 810008, China;
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Abstract: To better understand the adaptability of winter rapeseed in cold-arid region of Zhangye, Gansu
Province, the overwintering rate, dry matter accumulation prior to winter, agronomic characters, and yield of 8
Brassica napus varieties were analyzed and compared, the effects of different sowing time on overwintering rate and
yield were studied, and also the successive cropping modes of winter rapeseed were investigated. The results showed
that at the 38° north latitude, the extreme minimum temperature is =28.7°C in the Zhangye and Hexi corridor, the
Chinese cabbage-type winter rapeseed can overwinter and produce high yield and quality seeds. After harvesting
winter rapeseed, planting various crops such as early maturing soybeans, potatoes, oil sunflower, and vegetables in
the output value per 666.7 m” is 32.0% ~ 154.4% higher than that of single wheat, and 15.4% ~ 108.6% higher
than that of single maize, and the economic benefit is very significant. The winter rapeseed production in Zhangye
and Hexi corridor could reform the traditional agriculture from 1 harvest per year to two harvests per year or 3 har-
vests per two years. As a result, it will increase cropping index, improve land resource utilization, and economic
benefits. At the same time, it can increase soil vegetation coverage in winter and spring to reduce dust source and
improve ecological environment. In conclusion, it’ s appropriate to choose cold resistance varieties in Zhangye and
Hexi corridor, and early sowing in the middle of August is advisable.

Keywords: cabbage-type winter rapeseed ; overwintering rate ; multiple cropping; benefit; sowing time; cold-

arid regions of Gansu Province
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J&FRBEHEAMR, &R K EERD, FEEX
R TR, ARG 4 S0 7.3C,
Wb AR A IR —28.7°C , # i e e IR 39.8°C 3 AR
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BT 2008 - 2013 4F 78 SRyl 3 X1 Ui 5k 8T

SR 2R 1t AT, 46 380367, Ak i
1482.7 m, Bt R IR E 90 em, H¥ HFHAE
-10.2°C , 3@ A VPR R~ 17.1°C i dpe flR <
IR=28.7°C , AE ¥R 7.1°C , T FE W 156 d, BT &
136.8 mm,12~2 A F¥7E % & 130.3 mm 4 FHZ%
K2 047.9 mm YRRV IR R AE,
AP E R 0.7% ~2.5% , il 7 30 ~60 mg - kg™,
PR 5 ~8 mg - kg™, RALEF 1.3~2.6 mg - kg,
M3 5)  HERE T

1.2 REHARABETSHE

1.2.1 SfREMETABE (1) RBAR: H
Hm Ak K2E ARG HEh 2 5 Bl 8 5 Bl i 7
S Beih 6 5, Kok AR R ARG Kk 2 5 02C
%%9.9852 9889, 4t 8 NSRBI AN MFN (R) .
(2) X5 %1t 3356 F 2008-2010 4F 4T, R FHBEL
XAHHEF 3 IRER , /NXTEFL 8 m? , 47HE 20 cm, B
BE 12 em, B/NXIEF 10 17, B R 4 JTHE - 666.7
m™ BN AF A AR G A iR KA 2 ¢
666.7m™>  BER %% 25 kg - 666.7m™*, JRE 7.5 kg -
666.7m™*  FHBEFF LB A M FAEZE, R5F 8 H
12 HEEHA SR HERE . s BRI ,3~5 i &
MOER, 11 H FRIGEAK 9 AR 4 R —
K EEERKBIIRER 10 kg + 666.67m™, I K Bt
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EEE IR ITFE M, (3) BUIEME S8 « LA i I Tk
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Table 1 The dry matter accumulation prior to winter and overwintering rate of 8 different rapeseed cultivars
:F%Bi_ fﬂ;% Dly matter accumulation
it e =% <
. e M L It Leaf # Root W/ s
iyl (H-H) Number Stem Root - - - - HiF Overwintering
Cultivar ~ Survey date of leaves diameter length /g TH/g fFd/ THE i /g TH/g fifd/ TE G v venwiienig
(m=d) A Jem  Jem Fresh Dry  Fresh weight/ Fresh Dry  Fresh weight/ “roun¢ rate
weight weight  dry weight weight weight  dry weight underground
M =
i{ﬂﬂ 27 10-16 13 1.46 27.40  73.96 10.56 7.00 16.14 4.49 3.59 2.35 33.5
Tianyou 2
£ 2 2
S 2 5 10-16 12 1.69 26.28  69.43 10.75 6.71 18.59 5.57 3.33 1.92 87.9
Yanyou 2
Y =
bieith 8 10-16 11 230 26.01  65.09 9.43 6.90 26.31 7.37 3.57 1.28 96.0
Longyou 8
N
b 75 10-16 11 2.11 23.83 4359 7.05 6.18 21.17 6.80 3.11 1.03 96.8
Longyou 7
o =)
b3t 6 10-16 10 223 2282 61.32 10.3 5.95 26.40 6.60 4.00 1.56 95.9
Longyou 6
s
02€ 7% 9 10-16 12 1.74 2575  96.88 12.68 7.64 22.18 5.22 4.25 2.43 27.9
02C-Za 9
9852 10-16 13 1.61 24.43  77.96 11.61 6.71 16.36 4.79 3.42 2.59 26.5
9889 10-16 11 1.50  26.7 82.11 11.02 7.45 13.89 4.18 3.32 2.63 25.9
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Fig.1 Relationship between dry matter accumulation ( ground/underground) before winter

and overwintering rate of different cultivars

23 BEXBLHEERENFE LFERMES
HIRIN
2.3.1 =5 ERIL(2008-2010 ) 8 DZik b fh
(Z) =8 (W3 2)110.83 kg - 666.7m™ ~293.33
kg « 666.7m™, LA i 8 7 77 & e, 4293.33 kg
666.7m™; 5E3H 2 5 [l 7 5 B 6 5 =Rl
TR, O 47 AR IR & 246.67,234. 17,
222.50 kg - 666.7m7  JEHE 2 53 4 A 44
Fm R AE 110.83 ~ 165.0 kg + 666.7m> Z 7], 4
Jr 5T, SRR ) P 25 Ak B R 2 OK O, Y
SRR LA 8 5 AT 2 5 B 7 5 B
6 5 4 A i SRR AT, 3 R M R
232 FAEAXRAABEETLZHRREAN K
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ELEL AP IE] R B 22 AR (3R 3) . AR, 4K
FPA R TR 4350 AP il 8 5 Bl 7 5 Ak
T 2 SR MR 5 FRAR AR R A SRR L) 02C 24 9
RIS . RU A K 40.55% ~44.28% , V-
TR 42.95%, B 8 5 & Il R A b
44.28%
233 FEAEBLGEEFTHAINL HERIE
th, 2 8 S (R ) #RELE 6 J1 20 H Rl A,
AHE W 298 ~308 d, A7 mEEA 3 FPETEL, DIBRE
8 5 AEl 2 5 p R AR TR 298 300 d,
B MR RE 6~10 d F14~8 d, Al A #HE
24 ZHE-FEENSHEXHARRHAZSH
2012 4ETEMHER 1 559 m BY5KAR BT U AT 44
KR RS, )7 & 225 kg - 666.7m™, &
MGG, T 6 H 24 H KB R 442 gl 7
A R UEEY 10 A LA IEE i, B

R2 S BARBL MMM TELERRIN
Table 2 Yield and analysis of 8 Chinese cabbage

cultivars of winter rapeseed

Wil PR/ (kg - 666.7m72) BN RGP R/

Cultivar Yield Change over the control Rank
> IS)
il 8 = 293.33aA 43.75 1
Longyou 8
[EC =
AL 2% 246.67bAB 33.11 2
Yanyou 2
o
el 7 234.17bB 29.54 3
Longyou 7
e h
bl 6 222.50bB 25.84 4
Longyou 6
N =
A2 %5 165.00¢C ok 5
Tianyou 2
02C %4 9 .
Al 138.33¢dCD 16.16 6
9889 125.84dCD -23.73
9852 110.83dD -32.83

RN KB B ST RESR B R SR R] 5% 1% 22 57K
BEE,
Note ; Different small letters and capital letters in the same column show

significant difference at P=0.05 level and P=0.01 level, respectively.

SR MR- A R R B IR R 1 875
~3 814 JG - 666.7m™* 4 AGKF| 1 245~2 716 JC
- 666.7m ™, B HAE /N BRAE B ORI UK 32.0% ~
154.4% ,15.4% ~ 108.6% , AN - D44 —4E W
ZRAE A A A B, ST 2 689 t - 666.7
m™, F5{H 2 689 JC - 666.7m™*, FE4AIE 2 716.0
JG + 666.7m ™ ; YR A AT S - P B P AR AL, P
FH e 1530 kg - 666.7m™ PE(EHIAE] 2 448 IT -
666.7m ™, FIZE4ill 35 2 168 TC + 666.7m™>, 24l
R AN BAE K K-/ N SR - 4
RUOCH I 3 ATl T 28 | AT - K 2 R AR =
WA AR EE , BARG R L S5,



60 TR ATFE %36 &
R3 ST ERBEEMKMEMEZEZFHKILE
Table 3 Comparison of economic returns of 8 Chinese cabbage cultivars of winter rapeseed
- TFK/em x . ,
I ol ks ) ; ;
Fﬁlﬁ *}»k—"%—/cm ﬁﬁ F‘[‘”—\L/(‘m «E\ﬁﬁﬁ//l\ Length Of %**fxﬁ[\/ﬂ ﬁ*ié&/*ﬂ‘ :F‘ﬁﬁ/g Fi/( kg . 667[11_2) é\iﬂﬂ%/%
. . Branch . AE/ A Seeds 1000—seed . .
Cultivar ~ Plant height .. Branches/plant  terminal . Seed yield Oil content
position Pods per plant  per pod weight
raceme
v =}
3?/93 2y 90.1 9.9 16.3 30.1 249.4 20.6 3.0 165.00 43.53
Tianyou 2
IE“ =
2% 92.9 10.1 14.5 33.7 220.2 18.2 3.3 246.67 43.93
Yanyou 2
-
b3 8 89.9 5.1 16.8 33.4 243.1 21.4 2.9 293.33 44.04
Longyou 8
Y =
b 7% 105.1 7.0 13.1 37.1 158.1 21.8 3.0 234.17 44.28
Longyou 7
Lo
it 6 = 91.6 3.4 13.6 34.4 178.9 21.0 3.1 222.50 42.81
Longyou 6
02C 7% 9
02C—72a 9 84.5 6.9 16.7 28.9 255.3 24.5 3.0 138.33 42.86
9852 88.7 7.1 16.2 32.7 281.5 21.9 3.2 110.83 41.56
9889 84.7 10.6 13.1 29.3 162.5 22.4 3.2 125.84 40.55

R4 SN ERBEMXAHZIEFTHARE(A-B)REEFHRM(J) £ER

Table 4 Variation of growth stages(m—d) and total growth period days(d) of 8 Chinese cabbage cultivars of winter rapeseed

. Ei: iy . , it ZAEH . IR
wEn e e 00 W e e g BN SRRy SRR
- L. Five-leaf ~ Withering . . Full-bloom  End of . Growth
Cultivar ~ Sowing  Emergence Returngreen  Squaring  Flowering . Maturity .
stage stage stage flowering period days
N =
3?(93 25 8-12 8-16 9-9 11-13 3-23 4-11 4-20 4-29 5-9 6-16 304
Tianyou 2
Ly =
S 2 8§-12 8-16 9-9 11-13 3-22 4-11 4-20 4-28 5-10 6-12 300
Yanyou 2
5] =]
Bt 8 = 8-12 8-16 9-9 11-13 3-22 4-11 4-20 4-29 5-8 6-10 298
Longyou 8
3] =]
Bt 7 8-12 8-16 9-9 11-11 3-23 4-20 4-30 5-8 5-25 6-20 308
Longyou 7
5 =]
B 6 8-12 8-16 9-9 11-11 3-22 4-20 4-26 5-4 5-23 6-16 304
Longyou 6
02C %4 9
02C—7a 9 8-12 8-16 9-9 11-13 3-23 4-13 4-23 5-2 5-13 6-16 304
9852 8-12 8-16 9-9 11-13 3-23 4-13 4-22 4-30 5-10 6-18 306
9889 8-12 8-16 9-9 11-13 3-24 4-13 4-22 4-30 5-9 6-18 306
2
3007 1310 2
& <
": § 250 1305 3
£ s =
z o0 @\ g
€ = 200f {300 =
. 2 =
2E 1501 {295 &
= Z =
3 g 100} {290
> =
oo B =
IEHy, S0 1285 AT
a2, _ _ 250 &
K2s @25 Beihss  PRih7s  Beahe's 02C7%9 9852 9889
Tianyou2 Yanyou2 Longyou8 Longyou7Longyou6 02C-Za9
== 7 4t Yeild w44 K Overwintering rate —o— 45 & 1 K 20 Growth period days

B2 8N AEBREMELE B EFHST

Fig.2 Analysis of overwintering rate, yield, and growth period days of 8 different rapeseed cultivars
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SR R RO D B R T FEERRAR, A B W 4E 66.83% .45.69% , £ H WK IR 305,298 291,283
M, AR 7 5 oR 04 DRG] & R do WNRIREEAS . &R A AU S AR A F
BOrHE 13,129 .8, MU RKIK IR 96.4% 88.6% .,  FEIEMEHA, K6,
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Table 5 Winter rapeseed multiple cropping system output value and benefits

W1/ (kg » 666.7m™2) W2/ (kg - 666.7m %) B A/ (I - 666.7m™?)
ikt 7o ] Yk B = A i 25 _ Incomefhange _
Cropping system PR TiAF z FiFE Output value  Input  Net benefits 2 £ #
Kernel Straw  Kernel/Tuber  Straw Compare ~ Compare  Compare
/Melon with CK1 ~ with CK2  with CK3

1 % AT A

Winter rapeseed-potato 225

2689 - 3814 1098 2716 1930 1782 1298
multiple cropping
AR {58 B A
Winter rapeseed-oil 225 - 219.3 - 2002.2 816 1186.2 400.2 252.2 -231.8
sunflower multiple cropping

A - P STl

Winter rapeseed-zucchini 225 - 1530 - 3114 946 2168 1382 1234 750
cropping
AR - RS Rl
Winter rapeseed-soybean 225 - 150 - 1875 633 1245 459 311 -173
multiple cropping
A 500 500 - - 1250 464 786 - - -
Wheat ( CK1)
EK
Com( CK2) 800 2000 1640 706 934
e N B
Corn-wheat 600 1500 350 500 2120 702 1418 - - -

interplanting ( CK3)

UL AR B A e S AR i IO AN A i . TRSREAT 5.0 J0/ke, B4 1.0 J0/ke, 3% 4.0 J0/kg, VU # ™ 1.3 J0/kg, K& 5.0 70/kg, /D
# 2.4 70/kg, EK 1.8 Jo/kg, F5#F 0.1 Te/kg., B 666.7 m* FAM B AFER T SR RZG T RoK 5 B LS E TS AT S 7
B A Sz H07 . JC - 666.7m 2

Note: The prices of the above crops are subject to marketprices. Rapeseed; 5.0 yuan + kg™" | potato; 1.0 yuan + kg™, oil sunflower; 4.0 yuan « kg™,

zucchini; 1.3 yuan - kg™', soybean: 5.0 yuan - kg™', wheat; 2.4 yuan - kg™, corn; 1.8 yuan - kg™', straw: 0.1 yuan - kg™". The total cost per 666.7 m”
includes seeds, fertilizers, pesticides, labor, and water charges, which are calculated at the current market prices. Output value, input, pure income unit:
yuan - 666.7m™>

R6 ARBAWHAX 4 N EHMEHEFAYRH(A-B) BRI

Table 6 Effects of different sowing dates( m—d) on growth and development of 4 winter rapeseed cultivars

AT A/ %

g aEem i TR gy B gy W gy BRIV Gverintering
Cultivar ~ Sowing Emergence Five-leat Withering Return Squaring Start ‘Of Eind f)f Maturity Gro?wth Seedling before rate
stage green flowering  flowering pe winter /tablets

8-15 8-19 9-11 11-12 3-23 4-20 4-28 5-27 6-20 305 13 96.4

ey 7 5  8-22 8-26 9-18 11-12 3-23 4-20 4-29 5-27 6-20 298 12 88.6
Longyou 7 8-29 9-2 9-27 11-13 3-23 4-22 4-29 5-27 6-20 291 9 66.83
9-5 9-10 10-6 11-15 3-25 4-23 5-1 5-28 6-21 283 8 45.69

8-15 8-19 9-10 11-11 3-22 4-12 4-18 5-13 6-12 297 13 97.3

By 8 &5 8-22 8-26 9-17 11-12 3-22 4-12 4-18 5-13 6-12 290 12 89.5
Longyou 8 8-29 9-2 9-26 11-12 3-22 4-13 4-18 5-13 6-12 283 10 70.42
9-5 9-10 10-5 11-14 3-25 4-13 4-19 5-14 6-13 275 8 56.39

8-15 8-19 9-11 11-13 3-23 4-20 4-24 5-25 6-17 302 13 90.55

Beih 6 5 8-22 8-26 9-18 11-13 3-23 4-20 4-24 5-25 6-17 285 11 89.5
Longyou 6  8-29 9-2 9-27 11-14 3-23 4-21 4-24 5-25 6-17 278 9 68.3
9-5 9-10 10-6 11-15 3-26 4-23 4-26 5-26 6-18 270 8 40.26

8-15 8§-19 9-10 11-12 3-22 4-12 4-18 5-13 6-14 299 13 88.32

ik 2 B 8-22 8-26 9-17 11-13 3-22 4-13 4-18 5-13 6-14 292 12 78.62
Yanyou 2 8-29 9-2 9-26 11-14 3-22 4-13 4-19 5-13 6-14 285 9 58.37

9-5 9-10 10-5 11-15 3-25 4-20 4-20 5-15 6-15 278 8 46.45
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Table 7  Effects of different sowing dates on economic characters and yield of 4 winter rapeseed cultivars

% EFK/c e s e ,
ot DT ppirom gy ATEom SRS gl Famse oG- 666.7m)
Cultivar owing Plant height Branches/plant ength o ! Seeds per pod  1000-seed weight Seed yield
(m-d) terminal raceme Pods per plant D
8-15 98.7 13.8 43.4 167 22.8 3.2 216.67
By 7 & 8-22 97.3 14.2 40.6 186.2 21.6 3.0 200.03
Longyou 7 8-29 92.8 20.0 38.0 198.3 20.3 2.7 153.34
9-5 87.6 21.6 34.4 226.7 17.6 2.4 100.01
8-15 89.9 16.8 33.4 243.1 21.8 2.9 293.33
[ 3h 8 & 8-22 88.6 17.3 31.4 255.8 21.5 2.7 270.50
Longyou 8 8-29 83.6 23.8 29.0 268.9 20.5 2.5 230.45
9-5 78.6 26.2 25.0 289.5 18.2 2.2 180.60
8-15 91.6 13.6 34.4 178.9 21.0 3.1 222.50
B3 6 & 8-22 90.0 14.2 31.8 188.9 19.7 2.9 210.42
Longyou 6 8-29 84.3 19.7 28.9 203.8 17.8 2.7 168.90
9-5 72.0 23.0 24,4 235.6 15.5 2.4 118.20
8-15 92.9 14.5 33.7 220.2 18.2 3.3 246.67
JEH 2 = 8-22 90.6 15.0 31.2 231.5 17.8 3.2 230.70
Yanyou 2 8-29 85.5 22.5 28.8 246.3 15.8 2.7 183.42
9-5 78.8 24.9 23.7 267.9 14.0 2.5 133.0
~ 3 300 12 £
£zt =
O = . o
235 200l | 2s
S S5 1507 6 T2
ERnlc 63
= AE - L 3=
m_; 25 100 s
Py ¥ | &
H 2 50 2 =t
X
0
08- 1508 2208 2909 058 1508 2208 2909 058 1508 2208 2909 058 1508 2208 2909 05 0 2
B 71 75 B, 165 HE W25
Longyou? Longyou8 Longyou6 Yanyou2
78 H

—=#k & Plant height 77 Yield == & % Overwintering rate
—o— T L # 1000-seed weight —a— Bk 4 fif 1 %% Seedling before winter
B3 AEFBEBHAT4NZMERMKRS HEER SER THERTETN
Fig.3 Variation of plant height, seedling, overwintering rate, thousand grain weight,
and yield of 4 winter rapeseed cultivars under different sowing dates
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