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Effects of Planting Patterns on Soil Structure and Fertility of Calcareous
Purple Soil in Hilly Areas of Central Sichuan Basin
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Plateau, Southwest Minzu University, Chengdu 610041, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [ Objective ] Planting pattern is an important factor affecting soil physico-chemical properties, dietary preference of
soil fauna, and hence soil water and nutrient movement in a soil profile. This study aims to evaluate characteristics of the planting
patterns common in the basin and screen out ones suitable to the calcareous purple soil in the central Sichuan basin. [ Method ]

Based on a long-term in situ field experiment, three planting patterns, i.e. maize-wheat (MW), maize-oil rape (MR) and
maize-sweet potato-wheat (MWP), were selected for comparison in this study. Using laboratory analysis in combination with the
computer tomography micro-scanning technology, analysis was performed of effects of the planning patterns on soil physical

properties, nutrient status and soil fauna and on calcareous purple soil quality and productivity as well. Moreover, pros and cons
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of the planting patterns were distinguished to select suitable planting patterns [ Result ] Number of the pores 25~500 pm in
equivalent aperture in the cultivated layer, was ultra-significantly and positively related to content of soil organic matter, total
nitrogen (N) and available N, separately, which implies that the pores contribute greatly to storage of soil organic matter, total N
and available N in the cultivated layer. However, number of the pores > 500 um in equivalent aperture was ultra-significantly and
positively related to content of available phosphorus (P), which indicates that large-size pores are conducive to retention of
available P. In terms of organic matter, total N, available N and available potassium (K) in the cultivated soil layer, the three
planting patterns all exhibited an order of MW > MR > MWP. Treatment MW was higher than the other two in compactness of the
0~20 cm soil layer and in looseness of the >35cm soil layer; with pores 25~1 000 um and > 1 000 um in equivalent aperture
accounting for 50.2% and 49.8%, respectively, of the total pore volume, forming a proper proportion of pores, evenly distributed
and well connected, which contributes greatly to soil structure and soil quality. However, in Treatment MW, soil fauna was lower
in total population than in the other two. Consequently the treatment was the lowest in annual total yield and economic output.
Treatment MR was quite similar to Treatment MW in soil physical properties with pores 25~1 000 um and > 1 000 um in
equivalent aperture accounting for 31.6%, and 68.4%, respectively of the total and being poorly connected; however, the
treatment was significantly higher than the other two in total population and species of scavenger soil animals and more
significant in soil available P accumulation. Treatment MWP had a plough layer loose in texture, and was significantly higher
than that in the other two Treatments in saturated water content, saturated conductivity, mean porosity soil fauna abundance and
annual crop yield and economic output; in the Treatment pores 25 ~ 1000um and > 1000um in equivalent aperture accounted
for 20.5% and 79.5%, respectively, and higher proportion of the latter facilitated downward movement of water and nutrients,
thus leading to lower contents of soil available P and readily available K and exposure to higher risks of nutrient consumption and
loss; moreover, the treatment was much higher in abundant and species variety of soil animals. [ Conclusion ] The three planting
patterns are the traditional ones in the area and all have their own advantages and disadvantages. It is advisable to choose
site-specific ones and to make full use of the pros and avoid the cons. The MW pattern leads to formation of a plough layer with
soil pores reasonable in proportion and good in connectivity, which is conducive to water and nutrient conservation and soil
sustainable utilization, however, the pattern tends to be lower in soil fauna abundance and economic benefits than MR and MWP.
Though MR is worse in soil pore structure than MW, it is conducive to abundance of saprophytic soil fauna, which helps improve
the soil structure and hence higher in economic benefit than MW. MWP is the highest in economic benefit and its crop types and
pore structure are good to the survival and reproduction of soil fauna, however, the pattern causes soil pore structure unfavorable
to water and nutrient retention. So it may need higher nutrient input to keep high stable yields, which is negative to soil nutrient
accumulation and long-term fertility.

Key words: Planting pattern; Calcareous purple soil; Soil pore; Soil nutrient; Soil fauna; Soil quality
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Table 1 Soil physical properties in different treatments

A T K VRIS & bk (0.05~2.0 ¥ki (0.002~0.05 g
Rb3
Bulk density / Saturated water ~ Saturated hydraulic mm ) mm ) (<0.002 mm )
Treatment
(gem?) content /%  conductivity A mm-min~') Sand content /% Silt content /% Clay content /%

FK-/NE MW 1.2840.07a 26.31+0.01b 0.35+0.13b 19.48+5.82b 39.2242.03a 21.56+1.49a
FR-MFH MR 1.2940.06a 26.64+0.01b 0.07+0.01b 25.59+0.50a 36.42+2.67b 21.42+0.23a
FK-AE-/NFE MWP  1.16+0.06b 34.12+0.03a 3.62+0.85a 27.13+4.00a 37.45+£1.57b 20.71+0.63a

e /NE AR AL PR 22 55 4 3 ( P<0.05 ) Note: Lowercase letters indicate significant difference between treatments ( P<0.05)
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1 MWP PS4 HEEE MW 5 .

http://pedologica.issas.ac.cn



4 34 Lh 2 4 PR ORI o F B A0 B 56 €0 T 25K Lt g 14 52 ) 939
AR AR
Soil moisture content/% Soil compactness/kPa
0 15 20 25 30 0 400 800 1200 1600 2000
a)
—s— MW
0~15 -9~ -+ -MR
’ > MWP

£ !
o o
= !
g, e
2 i
i 15~30 1 '
ke i
Ik !
H ; oy

% P

1 Pl

¥ g S

= e

30~50 | +L~
50
(REPZIE P SIETR GRS Sl S0 Ry & S
Fig. 1 Compactness and soil moisture content of the soil profile at the harvest stage of summer maize
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Table 2 Characteristics of soil pore in different treatments
FLB R LR FR L ) RS IEVA
TR FHRERER
B AL B E Porosity quantity /volume ratio /% ENSI2 N Average
Ab PR Average ratio Average sectional
Average T Average  coordination
Treatment of channel to  area of throat
porosity /% 25~100 100~500 500~1000 >1000 shape factor ~ number of
throat /um?
pum pum pm pm pores
FoK-/NE MW 464 33.3/0 43.3/12.7 12.7/37.5 10.7/49.8 0.34 0.13 0.70 0.53
FoK-HZE MR 51.3 45.3/0 45.9/12.4 5.2/19.2 3.6/68.4 0.13 0.17 0.80 0.33
FA-LL N
56.22 44.3/0 48.3/11.0 5.0/9.5 2.4/79.5 0.03 0.46 0.81 0.30
# MWP

S-S5 AL B L B B AR S R B TS H
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L), AL BN RN FLBRIRLE Y. MW AR
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MW Bl s )2 AL Bt S 2 59 B LB ) 322 3 P
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Ut B G L B 40 50 1 A P ) e 2 . i 3 G T

WK 53 RS 5338 B I A28 T8 2, MW P Ab PHEI: 56 5 17 X
S MW Al MR 4bHf 3.5 f5F0 2.7 £, BRI F K43
MIES LI F 2 B, FFLERIR R 7
FAESLBR T B B, B9 3R IR0 ) R AL B A A1) T
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Fig. 2 3D restoration and 3D cross-sectional diagram of the undisturbed soil column relative to treatment
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Fig. 3 Soil nutrients in the plough layer in 2012 and 2018 relative to treatment
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species difference which can be identified. Different patterns in the histogram indicated soil fauna with different species but the same dietary.
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Fig. 4 Distribution of soil faunas by feeding habit relative to treatment
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Table 3 Average crop yield and output of the period of 2009~2018 relative to treatment

AN

S it

AP Treatment

FRH

Yield of wheat / Yield of oilseed  Yield of maize /

LI JHAEAE) ™ JHAR

Yield of sweet ~ Annual crop yield/ Annual output value /

(kghm?)  rape/ (kghm?) (kghm?) potato / (kghm?) (kghm>a') ( Yuan-hm*a™')
EK-NE MW 3 850+388a 6 935+587b 10 786+883b 19 122b
F K-S MR 1 736x490 7 42341 027a 9 159+1 034c 20 175b
TK-L1HE/NFE MWP 3 515£509b 76111 411a 2653 394 13 762+1 752a 22 276a

e RFE/PNEFRACEAR AR A] 22 55 8.3 (P<0.05 ). Note: Different lowercase letters in the same column represent significant

differences between treatments ( P<0.05 ).

x4 TIRBUFHEAEXM

Table 4 Correlation analysis of soil physical and chemical properties

B A A HAH
) B 2
Hi# Alkalytic Available Available
Organic matter Total nitrogen
Diameter nitrogen phosphorous potassium
ffffff / (gkg!) ———— ————/ (mgkg ') ———
R 0.05~2.0 mm 0.233 0.149 0.450 —-0.350 -0.267
URLZ A
0.002~0.05 mm 0.433 -0.318 0.650 —-0.383 —0.400
Soil particle size
<0.002 mm 0.433 0.092 0.717* 0.467 0.500
N 25~100 pm 0.500 0.500 0.500 —-0.500 0.500
fLBR R 1L
100~500 um 1.000** 1.000** 1.000** —1.000%** —0.500
Proportion of pores by
500~1 000 um —1.000%* —1.000%* —1.000%* 1.000** 0.500
size
>1 000 pm —1.000%* —1.000%* —1.000%* 1.000** 0.500

T R FOR AR Z M B B AHIE( P<0.05 ), **fUFRA W F AR (P<0.01 ). Note: * in the table indicates significant correlation

( P<0.05 ) between indices, and ** significant correlation ( P<0.01) .
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AR TFHUBARAE . 500~1 000 pm F1>1 000 pm ¥
FHEPESE 5 100~500 pm AYS5 AR, AHLR .
SR TR A AE>500 um FLERSAME R, A5 10 FiE
B, 5RFLBRZ S i e K e AE A WL — B, T
500~1 000 um FI>1 000 pwm FLERH B A F] T4 Sk
PRAF, X502 LR SRR —E LR,
5 RO, FORNEZREA T, B2 4
FLBRHC b . FLBR Y — P R 3 Ve o G, e R 41
AR At b T ) TR 43 R FR A B AR A, A LSRN
SR Em T HMAE, FIF TR,
BT, S0 B2 R s, SKEE
NS, TS B M SRR, (A
Bt HIES YRR DA R T IRPEDIR &R | iz
R AR =B EBAR . TR - SRR I 25

(HHAEFETI0T
(P REXEFTI0T

SRS TR DB TR E EH, HER
R TR /N AR, FHBRR L SLBR I HE
BEKNERAZE, sl Y B A/ E R

=, HEart s i, A8 T 2
KAk, JEIAF 7= d/ ME PR A TR /N A i 5
FOR-LLE /NP gL 8B KR
SPORTERESER, AR TARIIIRAKD, FI, XLk
FLBR Sy 83 Sy Wy ) A A A BB B AR T s ) R A
fF, LS SR MR Z, HiZB T A4
P E R BT EOR-LLE /N RN
FLARRALBRRC L8 25, 24 BRAF 7 T 7K T HE XU
5 HAAR BEAR HEE TR o BN R R JEE T B, L3
N EAERFIZAR R BT, AR BN 250y
B

> (k-

T B SRR (HRIZE ()
TE e XU Tk ML AR AL BRI TE 0 25 22 5, ol 7 S S AR Sk BT 07 ol A Ak B TR 8 S O ol B AR B TE L35 22 5, A 4R AR

FRIER (+) / (=) SRARFRIHE T MR B ERT (+) AT (-) EBHERITmMLAH, AFBEas ARy (B), &

Heshy (g0), H4e350 (i) MEZE = ) (4) %353 1CF 3847 o Note: The dashed line with arrows at both ends of the line indicates

no significant difference between the treatments, and the solid line with an arrow at one end indicates significant difference between the

treatments. The (+) / (—) marked on each parameter indicates that the treatment in the direction of the arrow is significantly higher ( +) or

lower (—) than the treatment in the direction without the arrow. The color, black, red, blue and green, represents the index typical of soil

physic properties, soil faunas, soil nutrients and crop productivity, respectively.

Bl 5 FoAE AR OGS SRR IR A T I 255 2 )

Fig. 5 Comprehensive effects of planting patterns on soil properties and fertility
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Tl 2 o 3 0 5 55 1T 6 T ) 3t i - 49K i R U

H i KALBR B AR R 53 TG — A, 385 A Y
AL 100~500 pm BYFLBEEE T RFLEL, >500 pm
ALY | Asare ZEPORF T CT 36 AR & B
RALBRAIE A LS e L a% B ) R AR RS I +
e EEFEA K. RILBRAL S BALBR A — /N4y,
EFIT Ko SRS, 2R mIR 70%, U2+
GRS EAE I, PAALERE A AR A AR
K, /ML R E K TR Tfe . A4S
R, FRINE | KL /NN K-
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BB R LIRSS A4 R T oK oA e Fis i, fH K
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EPTSER R F AR R IR A 2 R R R, &
K-MEERAER R LA SRR, ER-/NERAE
TR R e S e, ARBFITH BRI R E £
BEREEN S B, TR/ A S AT
o, WFTE A, 22 ST RE S R [R5 IX ek - g 2 A |
I SR ARSI OC . AR, Ak
B 2018 4F I & RS 2012 AR L EAL,
TR ENERAX AR K, S48 5%
PIMIOERS, MHSCHI R R, TR S5aOEEERR
TEM S AN G B, BB FEIEY), &, S50
B EIHFEGEE, EUREEERS, TiaER
NGIESEE o

http://pedologica.issas.ac.cn



4 3] Th 22 25 . PR 1] v F B A IR 58 €0 - 5 K b ) ) 5 ) 945

AN FEAEY RS L3R TS AR, o Y
B A ORISR A3 T SRS TR, R 7 e i A 22 57 P00
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PP RR T ER/NEIR R, (HE TR 205 F EoK
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