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Responses of Soil Aggregates to Manure Application: A Meta-analysis
ZHANG Guangli, CEN Boting, LONG Xinxian®, LIU Ya, TIAN Zheng, LIAO Zewei
(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: Manure application can affect the formation and stability of soil aggregates by increasing the amount of organic matter
and nutrients in soil. Most studies found that manure application increased the proportion of soil marcoaggregates (=0.25 mm).
However, there are significant differences among studies in the results that manure application affect large marcoaggregates (>2 mm)
more or small marcoaggregates (2—-0.25 mm). A Meta-analysis based on 36 studies with 267 aggregate data was conducted and found
that manure application significantly increased the proportion of soil large macroaggregates and small marcoaggregate by 95% and
17%, respectively. At the same time, it reduced the proportion of soil microaggregates (0.25-0.053 mm) and silt-plus and clay-size
particles (<0.053 mm) by 14% and 20%, respectively. What’s more, Meta-regression analyze found that soil types and pH, manure
types, annual temperature, and annual rainfall are the main factors affecting the responses of soil aggregates to manure application.

Key words: Manure; Soil aggregate; Meta-analysis
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Table 2 Heterogeneity indicators of explanatory variables
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Fig.3 Influences of soil type (left) and soil depth (right) on soil aggregates

3 pH R R A B L (5 2).
XA, IR pH BE T XHR B UR 5 EE AR
RTC S0, KR AR | ol AT R A /N P SR A4 11y
TR B (B 4). 1F pH<6.5 MRt -1,
Jiti PSR IE N T A SR A B i, (X L b 42 AT SR R
WA T BRI, 76 pH=7.5 BBIE 3, it
EESWTES )\ WENEE 2N IENZEJu N a2
W T A R AR
222 EIEHE SR S A 2 52 ) - 48 P R AR

M E N R Z (3 2). A S T, -3¢
RFEUUL T SO [RDRLAS SRR B 5, R
R P SR AR/ A SRR B 55 B (B4 R 900 289% Al
61%), T {3l P SR AT - 3003 U 14 5 4 70 ol e A1
T 27% 1 53%. it FHAS FE A 2 0RL Y 75 1k 1 25
7L 39% AEN HoAll 3 FokiA A SR A 2 B BT B
M 5t P4 2 S5 T N R AT SR AR 4 5 B (B4 1 71%)

(EHAD 3 ol PSR (A 55 i A R A 38 1k S
MK 25 HE T it P 20T P SR AR 285 ORI 5E T

http://soils.issas.ac.cn



534

gk )AL A ZENOHE T A R ARG 52 I ——Meta 4347 615

BB, HIF B W

FENE IR A5 2 3k T Ak BEAS 2 5 Wi P SR AT 8 1)
KHEH R . SHEALLL HLT AFEACAH L, REEAC AL 3
A ZEAE G T /NATSRAR A9 &5 i, (HIX R 22 57 e
R AR AR AR oA B35 (18] 5).

AL it P 47 FIR 32 B 0 A AT 5 AR 9 28
BIATE BL(E 6). (<1 a)iti FZEAL)S, T3P AR
VSRR e 2 RIS N (MR 2 926%) s i FHAEFR J9 1~ 5
a MF, LIRS G RN, (ELRE i Ry
99%; Jifi IAEBRTE 5 ~ 10 a B, KPRKE ENITC R
FAEA AR REURLAY 5 5 2 D W R 49%
KI(=10 a)iti HIZEAE, B LRI L SR R RS
IR 150%).

eSS 95% E{F X 1]
KA =, n=170.81[0.30, 1.32]
—o—— n=17 0.08 [-0.42, 0.58]
—a . n=31 0.93[0.56, 1.30]
UNZIE 3N =1 n=21 -0.06 [-0.19, 0.07]
o n=17 0.11[-0.03, 0.26]
A n=40 0.29[0.20, 0.38]
(DB = n=17 -0.11[-0.25, 0.03]
ror n=25 -0.13 [-0.24,-0.01]
A n=24 -0.221[-0.35,-0.10]
AR AR —a n=17 -0.15[-0.39, 0.08]
0<6.5 o n=25 -0.36[-0.57,-0.16]
06.5~7.5 —Ai n=16 —-0.11 [-0.34, 0.13]
a=75
| | | | |
-1.0-05 0 05 1.0 15
WOVAE

4 L1 pH X HARKRIF M

Fig.4 Influence of soil pH on soil aggregates
Wi 95% 815 X [11] WIS 95% 8 {5 X [11]
SR B A & .n=19 136[0.90, 1.81]
i n=18 0.17 [-0.30, 0.64] ~
s n=27 0.54[0.15,0.93] PNEIEZEN = n=150.60[0.03,1.17]
UNCE S e N 005 oo oaby o1 n=50 0.69[0.39, 1.00]
=5 0.47[0.22,0.73] _ =
s - Z: 33 —0.01 [-0.10, 0.08] VNGB 22N = n=17 0.01 [-0.15, 0.16]
TP B8 A = n=21 -031[-043,-020] o1 n= 610.2010.12, 0.28]
o
=7 —0.18[-0.37,0. L =14 —0.14 [-0.29, 0.02
) 5 L003[on4 010 ORI a " [ ]
o n=26 —0.11 [-0.21,-0.01] o1 n=52 -0.16 [-0.24, —0.08]
e =7 -0.76 [-1.08,-0.43]
B i n=6 0.09[-020,057) KA ek n=14 ~0.19 [-0.46, 0.07]
e L s A n=7 -0.50[-0.86,—0.13]
Z zi ;tgi i n= 5 —0.08 [-0.46, 0.30] ot n=44 -0.23 [-0.38, —0.08]
e B e n=32 -0.13 [-0.29, 0.02]
LY E o HEAE o ARHEAE
| | | | | | | |
20 -1.0 0 10 20 05 0 05 10 15
BOVAE ROWiAE
5 EEMEGEFMREHERG)N IERARAREZN
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Fig.7 Influence of manure application on soil aggregates
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Fig.9 Influence of annual precipitation on soil aggregates
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Fig.10 Meta regression analysis of effect sizes of SOC and aggregate contents
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Table 3  Publication bias test for effect of manure application on soil
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