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Effect of Sub-soiling on the Physical Properties of
Limestone Red Soil and Maize Growth
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ZHOU Feng, YANG Yougiong, WU Bozhi

(College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] In order to clarify the suitability and sustainability of sub-soiling culti-
vation and screen out reasonable tillage method in limestone red soil area of Yunnan Province.

[ Method ] We carried out a field experiment on maize for three years in this study, and discussed
the effects of two tillage methods on soil physical properties and maize growth, including sub-soiling
tillage and rotary tillage (CK). [ Result] Compared with the rotary tillage, the sub-soiling signific-
antly decreased the soil bulk density (P<0.05) and soil compactness (P<0.05) in plough layer (0-
20 cm), the ranges were 7.24% and 12.22%, respectively in 2016, and increased soil total porosity
compared with rotary tillage. Sub-soiling improved the water capacity in deep soil layer and contrib-

uted to promote the growth and development, and significantly improved the biological yield
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(P<0.05), increased the economic yield of maize. But the sub-soiling effects increased first and then

decreased with the prolongation of tillage years. With the extension of sub-soiling years, the yield in-

crease rate of sub-soiling treatment showed a downward trend, or even decreased. Compared with the

rotary tillage treatment in the same year, the sub-soiling treatment economic yield and biological yield
respectively increased by 13.73% and 28.21% (2016), 2.32% and 21.38% (2017), decreased by 4.36%

and 1.53% in 2018. [ Conclusion] Based on the above results, sub-soiling has certain suitability in

this area. The effect of sub-soiling can last for two years, and is most obvious in the first year. Altern-

ate year sub-soiling is a suitable cultivation measure.

Keywords: red soil; sloping land; sub-soiling; soil physical properties; maize
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Note: Different letters represent significant differences (P<0.05); the same as below.
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Effects of sub-soiling on yield of maize
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Tab. 1

Effect of sub-soiling on the yield traits of maize

iy year  AEFE treatment  FEK/cm ear length FAH/cm ear diameter 722k K/cm length of bald PRI £L grain number P15 &/g 100-kernel weight
JiEk rotary tillage 18.63+0.71 a 16.12+0.19 a 3.42+0.62 a 502.24+41.74 a 28.77£2.17 a
2016 RFABE sub-soiling  19.90+0.32 b 16.51£0.22 b 2.44+1.37 a 552.54+34.20 a 31.27+1.61 a
BEHF rotary tillage  22.0842.33 a 16.79+0.81 a 3.53+0.53 a 538.80+39.76 a 40.98+3.94 a
2017 EFABE sub-soiling  22.38+0.87 a 16.72+0.49 a 2.67+137 a 562.54+34.20 a 39.65+1.78 a
o018 J#E#k rotary tillage 16.92+1.74 a 15.27+0.61 a 0.61£0.29 a 529.90+89.48 b 31.17+2.82 a
RIABE sub-soiling  16.2042.03 a 15.28+0.65 a 1.12£0.80 b 474.15£92.61 a 33.33+3.49b

E: ARFEHRZER B E(P<0.05); FH.

Note: Different letters represent significant diffences (P<0.05); the same below.

2 ORMREIRTRBY O BT R R KRR

Tab.2 Effect of sub-soiling on the maize growth at the big flare stage
A year AEFE treatment Fki/em plant height ZXH/cm stem diameter T R B L leaf area index
ek rotary tillage 187.30+13.26 a 8.22+0.84 a 3.75+0.24 a
2016 RIABE sub-soiling 193.55+16.89 a 8.38+0.15a 3.80+0.14 a
ek rotary tillage 210.06+5.75 a 7.84+0.39 a 3.95+0.13 a
2017 RFAPF sub-soiling 212.85+11.22 a 7.95+0.27 a 4.18+0.13 b
S0l JiEHk rotary tillage 190.33+22.35 a 8.39+0.91 a 3.30+0.34 b
TAAHE sub-soiling 175.80+21.77 a 8.06+0.72 a 3.08+£0.45 a
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Tab. 3 Effect of sub-soiling on the maize growth at the harvest time

) year AbFE treatment H#i/em plant height ZEHl/cm stem diameter FEAT F/cm ear height

JWEP rotary tillage 228.10£9.30 a 6.44+0.39 a 67.85+5.17 a

2016 GHRABE sub-soiling 236.58+9.74 a 6.78+0.45 a 68.15+3.45 a

JiE#t rotary tillage 250.85+3.01 a 7.84£0.15 a 93.20+1.60 a

2017 IRFABE sub-soiling 255.30+10.07 a 7.95+0.27 a 91.10£1.80 a
JEHF rotary tillage 217.90+15.57 a 6.73£0.93 a 73.15+12.21 a
2018 IRFABE sub-soiling 210.38+18.51 a 6.75£0.79 a 70.10£10.30 a

4 FUHDIERENEN
Tab. 4 Effect of sub-soiling on the soil bulk density
L3258 # /(g-cm ™) soil bulk density
F A} year AbPE treatment

0~10 cm >10~20 cm >20~30 cm
ek rotary tillage 1.28£0.07 b 1.260.05 a 1.34£0.11 a
2016 RFABE sub-soiling 1.15£0.06 a 1.2240.17 a 1.31£0.10 a
ek rotary tillage 1.21£0.01 b 1.33£0.05 b 1.49+0.11 b
2017 REAHE sub-soiling 1.12+0.02 a 1.19£0.03 a 1.31£0.02 a
2018 JiEBk rotary tillage 1.31£0.09 a 1.43£0.07 a 1.56£0.06 a
REAHE sub-soiling 1.26+0.07 a 1.38+0.11 a 1.45+0.15a
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Tab. 5 Effect of sub-soiling on the soil moisture content

+ 38 7K 8/% soil moisture content

) year Kb treatment

0~10 cm >10~20 cm >20~30 cm
R rotary tillage 22.18+1.34 a 21.68+2.10 a 21.76+1.14 a
2016 RFAHE sub-soiling 24.57+2.84 a 24.44=1.19 a 26.58+2.38 a
JiEBk rotary tillage 24.71£0.83 a 23.94+0.94 a 21.37+0.72 a
2017 ERFABE sub-soiling 27.26+1.97 a 28.4241.51 b 27.84£1.96 b
WERF rotary tillage 20.62+2.05 a 20.52+0.99 a 21.00+£0.88 a
2018 EFABF sub-soiling 23.13+2.84 a 24.00+0.65 b 24.50+0.62 b
<6 IFMEHXT IR RFLBEE RIS
Tab. 6 Effect of sub-soiling on the soil total porosity
392 5. FLBR /% soil total porosity
A year Q- treatment
0~10 cm >10~20 cm >20~30 cm
WEP rotary tillage 51.55+2.61 a 52.48+1.71 a 49.28+4.14 a
2016 GHAABE sub-soiling 56.4742.27 b 53.78+6.32 a 50.75+3.70 a
JiEk rotary tillage 54.30+0.43 a 49.79+1.72 a 43.78+4.20 a
200 IRFABE sub-soiling 57.88+0.61 b 55.19+1.12 b 50.39+0.90 b
JiEHk rotary tillage 50.54+3.34 a 45.98+2.75 a 41.07£2.24a
2018 IRFABE sub-soiling 52.38+2.78 a 47.85+4.06 a 45.12+5.60 a
7 FENHT LIRSS ENFM
Tab. 7 Effect of sub-soiling on the soil compactness
-4 % S5 /kPa soil compactness
F Ay year AbFE treatment
0~10 cm >10~20 cm
WEHk rotary tillage 561.54+54.09 a 795.80+48.23 b
2016 RAAHE sub-soiling 496.084+47.40 a 694.17+£22.74 a
e rotary tillage 544.314+28.66 a 666.61+34.38 a
2017 RFAHE sub-soiling 500.70+47.33 a 626.99+23.22 a
- JiEBk rotary tillage 881.92+149.03 a 1422.79+237.57 a

RIABE sub-soiling

961.50+264.37 a 1528.34+335.20 a
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