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Effect of red soil penetration resistance on growth of summer maize
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(1. Chongging Institute of Medicinal Plant Cultivation * Institute of Medicinal Plant Development ,
Chinese Acadesmy of Medical Sciences, Chonggqing 408435, China;
2. Ministry of Agriculture Key Laboratory of Arable Land Conservation of Middle and Lower Reaches of
Yangtze River, Hua zhong Agricultural University , Wuhan, Hubei 430070, China)

Abstract: In order to mitigate the effects of seasonal drought on agricultural production in red soil region of southern
China, effective measures were studied to reduce soil penetration resistance (PR). The soil bulk density of 1.1, 1.3
grem 2 and 1.5 g*em ™2 simulated antecedent soil resistance in indoor pot, and four tillage measures, including deep
tillage, conventional tillage, no-tillage and compaction were set to control soil resistance in field. The influence of red
soil penetration resistance to roots morphology index, plant growth and yield were explored by comprehensive research on
indoor pot and field experiments. The results showed that, during the mild and moderate droughts, the maize growth was
greatly affected by the red soil penetration resistance. The orders were D1.1>D1.3>D1.5 of root length, root surface
area and root volume, but the root diameter was the opposite. And the orders were D > C > N > P of the ground growth
indexes and yield. The root morphology indicators except the root diameter, plant growth indicators and the yield were all
negatively related to soil penetration resistance. Maize growth and yield of deep tillage were significantly higher than no-
tillage and compaction. The soil PR changed root growth and decreased plant growth and yield. When the red soil PR in-
creased 1.0 MPa, the grain yield reduced 1 787.1 kg-hm~2. As to the red soil in this study, deep tillage reduced its
penetration resistance remarkably and thus mitigated the detrimental effects of drought. But no tillage practice resulted in
the high soil penetration resistances, thus reducing crop growth directly.
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Table 1  Effects of red soil penetration resistance on maize root
- HK:/em 42 /mm R TTRY ot R B ot
Lb Soil Root length Root diameter Root surface area Root volume
Treawnent ressance g A MR HER R HTR B TR
/MPa Common root ~ Seminal root ~ Common root  Seminal root ~ Common root — Seminal root ~ Common root  Seminal root
D1.1 0.88¢ 338.75a 123.86a 0.98¢ 1.05b 121.0a 62.0a 2.95a 1.63a
D1.3 1.93b 246.15b 93.39ab 1.05b 1.17ab 95.9ab 29.2b 2.15ab 0.86b
D1.5 2.72a 229.25¢ 78.84h 1.22a 1.26a 80.5b 17.3b 1.96b 0.58b

{#:D1.1.D1.3.DL.5 RFEARFMFEE.1.1.3.1.5 g-em™ ) BB, RBUR R A0 46 582735 BH (8 ; 38 RH I (80 32 09 T 5240 B 45 R 11

BHZE; RSN TR 0.05 BEKTF-(P<0.05); T,

Note: D1.1, D1.3 and DI.5 indicate soil bulk densities(1.1.1.3.1.5 g° em™?), they reflect initial PR; the soil resistances are the mean of arable layer

at the end of drought treatment indoor; different lowercases of same column indicate significant difference at 5% level; the same below.
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Fig.1 Maize root length and diameter in relation to soil penetration resistance
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Table 2 Effects of red soil penetration resistance on maize growth and yield
EREE e BREKE R EML PR RRTR EmER
AbPg Soil bulk Recistane Soil Plant Stem Leaf Grain Biological
Treatment density e;;t;mze moisture height diameter area yield yield
/(g'(:m’3) a /(g'kg’l) /cm /cm /em? /(kg-hm’z) /(kg-hm’z)
HE(D) Deep tillage 1.35¢ 1.08c 201.4a 197.7a 2.35a 629.6a 8863.5a 13523.0a
HHBHE(C) Conventional tillage 1.47b 1.70b 190.3a 185.5a 2.18ab  607.6a 7045 .7ab 11655 .6ab
KB (N) No-tillage 1.49b 2.36a 174.7b 148.7b 2.09b 526.4ab  5867.6b 11020.2b
JESZ(P) Compaction 1.59a 2.83a 175.2b 149.2b 1.72¢ 442.6b 5523.5b 10186. 1b
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Note: the growth indexes were determined after vegetative growth phase, and the soil bulk, PR and soil moisture were the mean of O ~ 20 c¢m depth of vegeta-

tive growth phase in drought period.
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Fig.2  The ground growth indexes of maize in relation to soil penetration resistance
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Fig.3  Yield of maize in relation to soil penetration resistance
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