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Table 1 Test winter rapeseed varieties
(lines) and their sources

Al (R Byt p/Sl
Variety (line) Type Source
16GAU-1 HEM Hfol R
KMl 14 Tianyou 14 HIER KK R
16GAU-2 HWA HRAl

KMl 142 Tianyou 142 138 KK iR B
Bz 12 Longyou 12 (38 Hlv A K2
#1ith 8 5 Hengyou 8 FIZEA! HIJbA& ARAMBLERE SAE AT BT

MR B AR A B TP R Kl (37.53° N,

115.42° B) 47, 50l Ab B Op s i, Wk
18.2 m, JEMRIR = MM, FIE 12.4 °C,
%K E 550 mm, FEKEFRLE 6-9 AU, RLG
e N R R A L, RN R g,
AL E R 2.17% BARSA 79.14 mg/kg. TH R
22.81 mg/kg FIIE B4 237.87 mg/kg. X3 A A2
EHEWIN9 HRIKES AR, AFHINZEFHIR%
K &8N 100~180 mm!'2, FHHFAHMG (1 ) H
B)IR-5~-12 °C, 2022-2023 F 4345 5 WAL
TEEN-16.8 °C, 2023-2024 F A& 3L E MR KR
FEN-214°C (B 1D .
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Fig.1 Meteorological conditions during the entire growth period of winter rapeseed from 2022 to 2024
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KM S 25 B EEST.
2 FBR59h
2.1 RZEBHAITZ BT RN

2 w4, REEES P, 34
O A S A RS 2RV 1 U7 U A R B
49 3% % 81.7%, i 16GAU-1 #8441 48.3%

B “F#% Flat sowing

P A 83.3%, Kl 14 M1 42.9%IRFH & 75.0%,
16GAU-2 [ 56.7%3 =% 86.7%: 3 AN AR M5
PRI A ZH 95.6% 32 2 100.0%, o R
142 4R 93.1%42E i 2 96.8%, Miil 12 H 91.8%
PRI 96.7%, M1 8 5 93.5% %M & 100.0%.
E BV R 7 2 JUHGEX TRz mH
WA A S RSB B .

B #22E743% Ridge-furrow sowing
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ANE/NG FRERIRIE P<0.05 KV ERRE, TR,

Different lowercase letters indicate significant differences at P < 0.05 level, the same below.
2 EZRE BRI LRNFM

Fig.2 Effect of ridge-furrow sowing and flat sowing on overwintering rate
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Fig.3 Effect of ridge-furrow sowing and flat sowing on soil moisture content in plough layer
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Fig.4 Comparison of ground coverage between
flat sowing and ridge-furrow sowing after winter
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Fig.5 The effects of ridge-furrow sowing and flat sowing on the growing
point and soil temperature changes in the plough layer of winter rapeseed
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Fig.6 The effect of ridge-furrow sowing
and flat sowing on the wind speed changes
at the growing point of winter rapeseed
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Table 2 The effect of ridge-furrow sowing method on the growth period of winter rapeseed ~ H—H month-day
i 1% Phenological phase
L CRO- AR AR W R ORI N WIEN BRI SN .. RAEEM
Sowing method Variety Year  Sowing Seedling Five-leaf Green Budding  First Peak Final "7’ Entire growth
(line) date date date date date  flowering flowering flowering urity period (d)
S 16GAU-1 2022-2023 09-18 09-23 10-25 03-02 04-05 04-15 04-17 05-10  06-03 255
Flat sowing 2023-2024 09-22  09-26 10-28 03-05 04-06 04-16 04-19 05-13  06-01 249
Kl 14 2022-2023 09-18  09-23 10-25 03-01 03-30 04-11 04-14 05-08  05-28 250
2023-2024 09-22  09-26 10-28 03-05 04-01 04-13 04-15 05-10  05-29 247
16GAU-2 2022-2023 09-18 09-23 10-25 03-03 04-05 04-15 04-17 05-10  06-03 255
2023-2024 09-22  09-26 10-28 03-06 04-06 04-16 04-18 05-12  06-01 249
K 142 2022-2023 09-18  09-22 1021 0227 03-28 04-09 04-12 04-28  05-26 248
2023-2024 09-22  09-25 10-24  02-28 03-31 04-10 04-12 04-30  05-27 245
B 12 20222023 09-18  09-22 10-21  02-27 03-27 04-09 04-12 04-28  05-26 248
2023-2024 09-22  09-25 10-24  02-28 03-28 04-10 04-13 04-30  05-27 245
f9h 8 5 2022-2023 09-18  09-22 10-21  02-26  03-12 03-22 03-25 04-23  05-21 243
2023-2024 09-22  09-25 10-24  02-26 03-15 03-27 03-30 04-25  05-22 240
LBV 16GAU-1 2022-2023 09-18 09-22 10-23  02-28 04-01 04-11 04-14 05-09  06-03 255
Ridge-furrow sowing 2023-2024 0922 09-25 1026 03-01 04-03  04-14  04-16  05-11  06-01 249
Kl 14 2022-2023 09-18  09-22 10-23  02-28 03-27 04-08 04-11 05-07  05-28 250
2023-2024 09-22  09-25 10-26  03-01 03-29 04-09 04-12 05-10  05-29 247
16GAU-2 2022-2023 09-18 09-22 10-23  02-28 04-02 04-11 04-14 05-09  06-03 255
2023-2024 09-22  09-25 10-26  03-02 04-03 04-15 04-17 05-12  06-01 249
R 142 20222023 09-18  09-21 10-19 02-25 03-26 04-07 04-09 04-26  05-26 248
2023-2024 09-22  09-24 10-21  02-26  03-28 04-09 04-12 04-27  05-27 245
B 12 20222023 09-18  09-21 10-19  02-25 03-26 04-08 04-10 04-27  05-26 248
2023-2024 09-22  09-24 10-21  02-26  03-27 04-09 04-12 04-29  05-27 245
#79h 8 5 2022-2023 09-18  09-21 10-19  02-25 03-10  03-21 03-23 04-20  05-21 243
2023-2024 09-22 09-24 10-21  02-26 03-12 03-24 03-27 04-21 05-22 240

*3 EZGBEAFATLHEEREL REMENTIL

Table 3 Changes in root-shoot ratio and biomass of winter rapeseed before winter production under ridge-furrow sowing method

PR A Go=g ] Hh 3RO A R bR A A R ek L

Sowing method Rapeseed type Period Aboveground biomass (g) Underground biomass (g) Root-shoot ratio

V4% Flat sowing HiE% (16GAU-2) B A 31.76 6.72 0.21

T 198.38 18.81 0.10

ERAHT 241.34 21.91 0.09

FZEA (Tl 8 &) YIHTH 28.89 11.48 0.40

T 106.37 35.48 0.33

ERAHT 186.37 52.15 0.28

2BV H#ER (16GAU-2) %7 33.41 9.29 0.28

Ridge-furrow sowing 0 212.33 22.43 0.11

ERAHT 241.38 30.09 0.13

HA (5 8 5) %17 30.17 13.63 0.45

T 126.72 44.24 0.35

ERAHT 197.69 66.43 0.34

19.13% #1 6.07% ,

R AEME AT
18.73% . 24.69%F1 27.38%, 5w L4y 538 17
13.85%. 4.49%H120.01%. HULHEHT, ASZB1F%E )T

BRI A ARG ISR, AT
KMSE SRR IMR (B 7, LR Y
HSEARAR N FRA RGN NI, £
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Fig.7 Comparison of winter rapeseed root system
between flat sowing and ridge-furrow sowing
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“*” indicates the significant difference in yield between two sowing
methods (P < 0.05).

B8 EZABESTE 2 MARLBRTEERIN
Fig.8 Analysis of the yield difference of winter rapeseed
between ridge-furrow sowing and flat sowing methods
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Study on the Effects of Ridge-Furrow Sowing on Soil
Microenvironment and Growth of Winter Rapeseed
in Northern Cold and Arid Regions

Li Jiming', Guan Mingwei', Li Heping', Wu Junyan?, Zhai Lanju', Ma Li?, Guo Angiang’, Li Aiguo’

('Institute of Dry Farming, Hebei Academy of Agriculture and Forestry Sciences/Key Lab of

Crop Drought Tolerance Research of Hebei Province, Hengshui 053000, Hebei, China;

2College of Agriculture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)
Abstract To identify suitable winter rapeseed planting techniques for cold and arid regions of northern China, a
field experiment was conducted to compare the effects of ridge-furrow sowing and flat sowing on the growth and
development of winter rapeseed. The results showed that under ridge-furrow sowing, soil moisture content in the
plough layer (20 cm soil layer below the growth point) was consistently 0.73%-3.65% higher than that under flat
sowing. The temperature at the growth point and in the plough layer was 2-3°C higher than that under flat
sowing, while wind speed at the growth point was one-quarter to one-third of that under flat sowing. The
root-shoot ratio increased by 11.6%-27.5% in Brassica napus and by 4.5%-20.0% in Brassica rapa. The average
overwintering survival rate of B. napus increased from 49.3% to 81.7%, while that of B. rapa increased from
95.6% to 100.0%. Yield increased by 20.86% in B. napus and 20.19% in B. rapa, with significant differences
observed between the two sowing methods, and ridge-furrow sowing effectively improved the overwintering
survival and cold tolerance of winter rapeseed.

Key words Winter rapeseed; Ridge-furrow sowing; Flat sowing; Microenvironment; Growth and development
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