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Key Laboratory of Agricultural Water Resources, Chinese Academy of Sciences / Hebei Key Laboratory of Agricultural
Water-saving, Shijiazhuang 050022, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The North China Plain (NCP) is one of the most intensively farmed agricultural regions in China, with approxi-
mately 70% of the total cultivated land being used for an annual double-cropping system of winter wheat and summer maize.
Owing to the long-term rotary and no tillage practices accompanying with the whole straw of winter wheat and summer maize
return to field for several years, soil physical characteristics are gradually changing in terms of the increased soil pan depth,
bulk density and content of soil nutrients in the surface soil layer. Improving soil quality by changing the tillage practices
might help to maintain crop productivity in this region. An experiment was conducted for the winter wheat-summer maize
rotation system in Luancheng County, which represented a high yield region, and in Nanpi County, which represented a me-
dium and low yield region, in the NCP. Four treatments — soil deep tillage (DT), subsoiling (SS), narrow subsoiling (NSS),
and rotary tillage (control, CK) — before winter wheat sowing and no tillage before summer maize sowing to all treatments
were simultaneously conducted at the two areas. Soil bulk density, crop root growth, soil water use, yield and water use effi-
ciency (WUE) were monitored throughout. Results showed that the effects of different tillage practices on soil and crop were
different in the two regions. At Nanpi, deep tillage and subsoiling significantly increased crop yield. Compared with traditional
rotary tillage, winter wheat yield was improved by 16.5% under DT, 19.3% under SS, and 13.1% under NSS. Yield of summer
maize was increased by 17.3%, 16.2%, and 21.9%, respectively, with annual yield increases of 16.9%, 17.6% and 17.8%, re-
spectively. Yield differences were not observed among the DT, SS, and NSS treatments. However, no significant difference in
crop yield among the four treatments was found at Luancheng. Furthermore, four tillage practices reduced soil penetration
resistance and bulk density for the 0-20-cm soil layer in both Luancheng and Nanpi. At Nanpi, after sowing winter wheat, the
soil penetration resistance of the 0—20-cm soil layer under DT, SS, NSS and CK decreased by 69.7%, 72.7%, 72.5% and 68.2%,
respectively. At Luancheng, soil penetration resistance of the 0-20-cm soil layer was reduced by 88.8% averagely under
treatments of deep tillage and subsoiling, and slightly increased by 7.7% under CK. Soil bulk density of the 0—40-cm soil layer
under the four tillage treatments were all lower at wheat harvest compared with that before tillage. Until the summer maize
harvest, soil bulk density under different tillage treatments was essentially similar to that before tillage, and there was no sig-
nificant difference among the four tillage treatments. At Nanpi, WUE of winter wheat and summer maize was significantly
increased under DT, SS, and NSS compared with that under CK. At Luancheng, the WUE of winter wheat and summer maize was
similar among the four treatments. These results indicated that different tillage practices in the low yield regions benefited crop pro-
duction and water productivity. However, in the high yield regions, the three tillage practices did not enhance crop performance
compared with traditional tillage practice. Therefore, it is suggested that the model of soil rotary tillage can be continuously imple-

mented in the high yield regions of the NCP, whereas DT can be beneficially implemented in the medium and low yield regions.

Keywords: Winter wheat-summer maize rotation system; High-yield area; Medium and low-yield area; Tillage pattern; Soil

bulk density; Yield composition; Water use efficiency
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120 2 608 h,
, 480 mm, ,
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, 38°06'N  116°40'E, 20 m
, 123 2938.6 h,
524.5 mm, ,
1 MRE5RZE [21-22] 2~10 m,
1.1 ( <3gLH*
2016 10 —2017 9 - ,
( ,
, LC) , ,
( ., NP)
2015 , ,
6 049.5 kg'hm™> 5 367.0 kg-hm ™2, , (7~10 cm),
7606.8 kgthm ™= 7 876.8 kg-hm ™ 0~10 cm
1 0~20cm
, 20 90 ;
, ; 43.1% 343% 57.1% 3.4% -27.5%,
, 2015 ,
306.6

F1 BARABRXAEHRERTIEFSESE02016 £ 10 A)

Table 1  Soil nutrients contents in Nanpi experiment site and Luancheng experiment site in October 2016

Nanpi experiment site Luancheng experiment site

Soil depth Organic Total Available Available Available Organic Total Available Available Available

(cm) matter  nitrogen  nitrogen  phosphorus  potassium  matter  nitrogen  nitrogen  phosphorus  Potassium
(gkg’)  (zke) (mgkg) (mgkg) (mgkg) (gkg) (zke) (mgkg)  (mgkg)  (mgkg)
0~10 16.29 1.07 83.22 16.19 120.17 21.76 1.34 117.96 11.31 117.35
10~20 8.91 0.62 44.90 6.27 74.42 14.29 0.93 83.32 4.97 83.83
20~30 5.69 0.41 27.67 3.50 67.96 8.49 0.58 48.37 2.13 79.22
30~40 4.71 0.32 21.86 1.83 61.50 6.63 0.48 36.53 1.75 82.42
1.2 20~25 cm, s
) 0~25 cm , 1 ;3)
(subsoiling, SS),
4 ) (CK), 9 10 (1S-200L) , 30~35 cm, 2
> (165 ) 60 cm, 1 ,
2, (1GKNB-420 y 2, 0~10 cm ; 4)
7~10 cm, 0~10 cm (narrow subsoiling, NSS): SS
, 5 2) (deep tillage, , 2 30 cm,
DT), 1L-435 1, SS 4 2BXF-18
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Table 2 Weather conditions during the growing seasons of winter wheat and summer maize in Nanpi experiment site and

Luancheng experiment site

Meteorological factor

Nanpi experiment site

Luancheng experiment site

Winter wheat Summer maize

Winter wheat Summer maize

Rainfall (mm) 81.6 401.0 78.0 185.5
=10
1719.4 2911.0 1690.1 2904.8
Accumulate temperature = 10 ()
Daily mean temperature () 9.17 31.16 8.54 25.93
Sunshine hours (h) 1446.3 681.7 1205.6 629.4
2350 _._I%EL:NP _ 300 E%JI_}J%’:NP
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Fig. 1 Monthly average sunshine hours and daily temperature range of Nanpi experiment site (NP) and Luancheng experiment site
(LC) from October 2016 to September 2017
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R (2016 10 )
, (2017
2016 11 6 ) , 0~40 cm
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R 0~20 cm , ,20 cm
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Fig. 2 Effects of tillage patterns on soil penetration resistance at seedling stage of winter wheat at Nanpi experiment site (a) and
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Fig. 3 Effects of tillage patterns on soil bulk density at harvest of winter wheat and summer maize at Nanpi experiment site and

Luancheng experiment site
DT: deep tillage; SS: subsoiling; NSS: narrow subsoiling; CK: rotary tillage.
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Fig. 4 Effects of tillage patterns on root length densities of winter wheat at harvest at Luancheng experiment site and Nanpi ex-
periment site
CK: rotary tillage; DT: deep tillage; SS: subsoiling; NSS: narrow subsoiling.
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Fig. 5 Changes of soil water contents (/W) during the experiment at Nanpi experiment site and Luancheng experiment site under
rotary tillage (CK) and deep tillage (DT)
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Table 3  Effects of tillage patterns on water use efficiency of winter wheat and summer maize at Nanpi experiment site and

Luancheng experiment site

kg'm™

Nanpi experiment site

Luancheng experiment site

Treatment
Winter wheat Summer maize Whole year Winter wheat Summer maize Whole year
Deep tillage 1.93+0.03a 2.26+0.08a 2.09+0.05a 1.82+0.05a 2.64+0.06a 2.21+0.05a
Subsoiling 1.87+0.04a 2.21+0.07a 2.04+0.06a 1.84+0.06a 2.43+0.07a 2.11+0.04a
Narrow subsoiling 1.90+0.03a 2.35+0.10a 2.13+0.05a 1.96+0.06a 2.63+0.05a 2.30+0.05a
Rotary tillage (CK) 1.51+£0.05b 1.98+0.11b 1.74+0.07b 1.90+0004a 2.48+0.05a 2.17+0.04a
P<0.05 Different lowercase letters in the same column mean significant differences
among treatments at 0.05 level.
2.5 21.8%, CK CK
5
P
( 4 , CK 7.6%, CK
, (P<0.05)
CK CK
16.5% 19.3%  13.1%(P<0.05), (P<0.05),
CK 17.9%  14.5%, CK,
(P<0.05) ,
CK 17.3% 16.2%
21.9% , CK (P<0.05) 16.9% 17.6%
CK 8.0% 6.2% 17.8%;

x4 TRHBELENZ/NEMEEZRFER=SWH BRI

Table 4 Grain yield and yield components of winter wheat, summer maize and whole year under different soil tillage treatments

Winter wheat Summer maize

Experiment Treatment P : . . P : . . Aynirel}l(;1 !
site Grain yield  Spike number Grains per 1000-grain Grain yield Spike number Grains 1000-grain 5
(thm™) (m™) spike  weight (g)  (thm™) (m™) per ear weight (g) (thm™)

CK 6.42+0.52b 535.8+35.74b  34.4+1.01a 38.0+0.74c 7.63+0.36b 5.10+0.15b 517.2+9.55a 367.8+4.43a  14.05+0.39b

Nanpi DT 7.48+0.73a 672.9495.16a  34.1£1.79a 39.2+2.14bc 8.95+0.49a 5.51+£0.62b 477.2+32.08b 370.2+8.77a 16.43+0.37a

SS 7.66+£0.51a 535.4+53.72b  34.0+2.69a 42.3+1.88a 8.87+0.87a 5.41+0.81b 496.9+28.71ab367.0+11.10a 16.53+1.03a

NSS 7.26£1.00a 577.1£35.74b  30.44+2.93b 40.8+1.59ab 9.29+0.76a 6.21+0.81a 479.8+34.52b 375.8+14.31a 16.56t1.17a

CK 6.74+0.19ab 757.5+41.49a  28.0+2.84b 40.1+0.39a 8.90+0.95a 5.58+0.26b 512.2+19.66a 338.749.71a 15.64+1.07a

Luancheng  p 6.51£0.38b 631.7£75.30ab 30.3+3.16b 37.3£1.22b 9.46+0.23a 6.58+0.38a 508.1+14.53a 327.3+18.35ab 15.96+0.51a

SS 6.52+0.27b 578.3+£107.990b 32.8+1.87a 40.6+0.62a 8.68+0.32a 5.80+0.35b 482.5+20.67ab316.8+12.00b 15.20+0.59a

NSS 7.26+0.32a 706.7+74.04ab 30.0+£2.79b 40.2+0.66a 8.75+0.57a 6.39+0.43a 458.3+26.20b 326.4+3.20ab 16.01+0.88a

CK: ; DT: ; SS: ; NSS: P<0.05 CK: rotary tillage; DT: deep

tillage; SS: subsoiling; NSS: narrow subsoiling. Different lowercase letters in the same column for the same experiment site mean significant differ-

ences among treatments at 0.05 level.
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