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Subsoiling 35 ¢cm in depth improve soil physicochemical properties and increase
grain yields of wheat and maize in aquic brown soil

LIANG Hai, CHEN Bao-cheng”, HAN Hui-fang, WANG Shao-bo, WANG Gui-wei
( State Key Laboratory of Nutrition Resources Integrated Utilization/College of Resource and Environment, Shandong
Agricultural University, Tai’an, Shandong 271018, China )

Abstract: [ Objectives ] Current tillage is 20 cm depth, this long-term practice has reduced the thickness of the
plough layer, increased the thickness of the plough pan, and affected the growth of crops. Subsoiling in different
depths was attempted in this study to provide technical support for field farming management.

[ Methods ] A field experiment was conducted in aquic brown soil, Yantai, Shandong Province. Taking
conventional tillage 20 cm as control (CK), subsoiling of 30 cm, 35 cm and 40 cm in depth were designed in the
experiment. The tillage was conducted before sowing of winter wheat, and all treatments were once applied 1125
kg/hm® of humic acid compound fertilizer (N-P,0,—K,0=18-10-12) with the tillage practice. No tillage was
conducted for maize, and chemical fertilizer was top dressed at the jointing stage of maize. At wheat and corn
harvest period, soil samples of 0—10 cm, 10—20 cm, 20—30 c¢cm and 30—40 cm in depth were taken to determine

the soil organic matter and available N, P and K contents and the soil bulk densities. [ Results ] Compared with
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CK, the subsoiling treatments of 30 cm, 35 cm and 40 cm increased yields of crops, for wheat the increments were
10.9%, 15.3% and 15.5%, respectively, and for maize they were 12.0%, 14.9% and 9.4%, respectively. The
subsoiling treatments effectively reduced the soil bulk density by 0.03—0.18 g/cm’® in the 10—40 cm soil layer,
improved the ratio of three phases and the available nutrient contents in the 20—40 cm soil layer (P < 0.05). The
soil bulk density in the 0—10 c¢m soil layer of CK was significantly lower than those of the subsoiling treatments,
and those in the 0—10 cm and 10—20 cm soil layers of subsoiling 35 cm treatment was significantly higher than in
the others. The lowest soil bulk density in the 0—10 cm and 10—-20 cm soil layers of the maize season were all in
subsoiling 35 c¢cm treatment, which was significantly lower than in other treatments. After wheat harvest, the
minimum R value was between 13.2 and 15.9, and after maize harvest was between 6.03 and 8.81. Subsoiling
treatments increased the available P and N contents in 20—40 cm soil layer, with increment of 0.56—37.4 mg/kg for
P and 31.9-77.8 mg/kg for N in the 35 cm subsoiling treatment. The available K was increased most significantly
by 24.3—-100.3 mg/kg in treatment of subsoiling 30 cm. The most significant increase of organic matter content
was in subsoiling of 40 cm, with increase of 0.95-0.69 g/kg. [ Conclusions ] Deep subsoiling is effective in
reducing soil bulk density, increasing the crop yield of the current and the following season, improving the
available nutrient contents of the 20—40 cm soil layer. Comprehensively considering the mechanical consumption
and the tillage effect, the 35 cm depth of tillage is recommended for the tested area.

Key words: subsoiling; soil three-phase ratio; soli bulk density; soil available nutrients
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Fig. 1 Soil bulk density at harvesting stage of wheat and maize under plough and subsoiling treatments
[ (Note) : #E EAF/NG FRERIRIF] — LB AR AL HLR] 25 57 .3 (P < 0.05)

Different small letters above the bars mean significant difference among the treatments at the same soil layer (P < 0.05).]
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Table 1 Percentages of solid, liquid and gas phases and their ratios (R) affected by tillage treatments
in wheat and maize season
. + R JNFZZ% Wheat season T KZ= Maize season
Treatment Soil depth FAR iR SR GLIESE Ok
(cm) Solid Liquid Gas R Solid Liquid Gas R
CK 0—10 50.49 13.19 3632 1637 46.72 29.48 2380  5.68
10—20 43.40 13.08 4352 2299 4347 36.96 19.57  14.67
2030 46.79 16.14 3707 1531 35.77 30.89 3334 1751
3040 43.92 15.16 4092 19.68 4151 27.82 30.67 1059
A 30 cm 0—10 54.00 1229 3371 1592 50.49 30.84 18.67  8.63
Subsoiling 30 em 1020 49.06 16.17 3477 1320 43.40 26.37 3023 8.53
2030 49.06 15.20 3574 1457 46.79 32.80 2041 9.60
3040 46.23 17.00 3677 1472 4392 27.78 2830 7.46
A 35 om 0—10 46.72 17.30 3598 1381  49.74 28.82 2144 523
Subsoiling 35 em 1020 43.47 1432 4221 2128 4830 29.83 2187 6.00
2030 35.77 16.37 47.86 2828  46.75 36.23 1702 14.15
3040 41.51 17.74 4075 1931  43.02 35.22 2176 1279
TRHS 40 cm 0—10 49.74 12.78 3748 1747 54.00 27.23 1877 7.73
Subsoiling 40 cm 1020 48.30 18.16 3354 1107 49.05 29.82 2013 625
2030 46.75 14.62 3863 1744 49.05 29.66 2129 6.03
3040 43.02 1632 40.66 1922 46.20 32.19 2161 881
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Table 2 Yield and yield components of winter wheat and summer maize under different depths of subsoiling
e e FREEL FRLEL TR ORI kL= ht -
Spike number Seeds per  1000-grain weight 100-grain weight  Grain yield  Yield increase
Crop Treatment .

(x 10%hm?) spike (g (8 (thm?) (%)

/NA Wheat CK 413 b 3325b 3425b 6.32¢
R Subsoiling 30 cm 526 a 34.15a 35.17b 7.01b 10.9
R Subsoiling 35 cm 524 a 33.51b 41.69 a 729 a 153
TRH Subsoiling 40 cm 531a 32.24b 39.56 a 7.30a 15.5

F 2K Maize CK 7.17b 564.2b 30.25b 10.02 b
RH Subsoiling 30 cm 7.23b 6154a 30.56 b 1123 a 12.0
M Subsoiling 35 cm 7.32b 624.1a 31.21a 11.52a 14.9
R Subsoiling 40 cm 731b 608.0 b 30.42b 10.96 b 9.4

i (Note) : FFNEUEG ARRI/NG SRR AP 2257 3% (P < 0.05) Values followed by different small letters in a column mean

significantly different among treatments (P < 0.05).
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