5560 % 42 + I E W Vol. 60, No. 2
2023 463 A ACTA PEDOLOGICA SINICA Mar., 2023

DOI: 10.11766/trxb202110090441
RT, WRREE, R, R ORIE SR A ST RS U S e o U R R R 0], Rk, 2023, 60 (2): 568-576.
YUAN Fang, DENG Chengjia, TANG Jing, SONG Lihong. Contributions and Influencing Factors of Soil Fauna to Litter Decomposition under

Different Land-use Patterns[J]. Acta Pedologica Sinica, 2023, 60 (2): 568-576.

RE LRI AR T L ERR RS S R R
TS

® oW, WA, B R, REH

PN RFAR B, SPH 550025 )

W OE: S BT SRR R E AR . BRISIEMIAR B TR AN, S R R S Yk
VRV R BN L BRI, E R RS AN R O 2T IS YA R R ) e P ST VR R A 25 5, D
B S5 R TR X — i AR A A TR A AR . AR SGE FH Meta 00T, Ak IS IS 90 AR A RE R KN, 4R
T E PR N 56 RSk 308 AT (KRB SCR RITRIEE 2021 4F 5 H 31 H ), BFSEAMR M F IR L bR 7
N YIS Y o i e s . G5 RERW], IR N T 8. 10% AR M 4. TEARHL . ORI AN TR
T R, SRS YRR T 3 i n P T AA B A (P <0.01), HA7ESF ARSI RSR (12.36% ). +
SEEYIXS PITE W o R BOSAE S IREE | Bk | R PITEWIAR RO | IRER AR R R ARG . TEARL, T IESh W 0 (B b
fIGRA (1A, &iRA (7 1) FHRE RARYR AR B E38m (P<0.01); e, HRHYR0E SRS . miREA
SR RAE RO R IR B (P> 0.05), (HEIFRILHBEMRET |« @l PR RAR RS IR, +
e Y IRTE D o i O (B S AR K B TE ARG, SR ARG . Budh, BEIRTE WA R RS s e i e, + 43
YUK IR T 0 53 ik A RKONAEL 43 R B B TR ka3 (P < 0.01 ),

KB Ao WY, LS TR IR

FESES: S714 XHFRERG: A

Contributions and Influencing Factors of Soil Fauna to Litter Decomposition
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Abstract: [ Objective ] Soil fauna play an important role in litter decomposition processes through activities such as burrowing
and feeding. Besides the quality of litter, climate parameters have been identified as major factors affecting the role of soil fauna

on litter decomposition. However, the contribution of soil fauna in litter decomposition and the role of climatic parameters under
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different land-use patterns are still not clear. [ Method ] In this paper, meta-analysis was used to quantify the effect sizes of soil
fauna on litter decomposition rates. We established a meta-analysis database by collecting the results of 56 publications both in
Chinese and English in China from papers published until May 31, 2021. The effect size of soil fauna on litter decomposition
rates among three different land-use patterns (i.e., forest, grassland, and farmland), was further tested by a random-effects model.
Correlations were tested between environmental factors - temperature, precipitation, litterbag size, latitude, and experimental
duration — and the effect size of soil fauna on litter decomposition rates. [ Result ] Soil fauna increased litter decomposition rate by
an average of 8.10%, reaching a significant level among different land-use patterns. Among the three different land-use patterns,
the effect of soil fauna on litter decomposition rates was strongest in the farmland (12.36%). Environmental factors were closely
correlated with the effect size of soil fauna on litter decomposition rates. [ Conclusion ] In the forest, effect size significantly
increased with temperature, including the average temperature in January and July, and the mean annual temperature (P < 0.01).
In grassland, however, the effect size of soil fauna decreased with temperature (P > 0.05). The effect size significantly increased
with mean annual precipitation but significantly decreased with altitude (P < 0.01). Besides, with the increase of litterbag size and
experimental duration, the effect size values of soil fauna on litter decomposition significantly increased and decreased,
respectively.

Key words: Meta-analysis; Litter decomposition; Soil animals; Land use patterns; Temperature
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- 458 Bl W X6 R T 0 e gk R 80 LA [R) A K
AR TR — e 225 HIENYXEE Y
O3 RN (5 AE R K B IEA DG (MR : BPR >0,
P=0.15; . £ >0, P=0.18); Tfi 5k
A (MM BRI <0, P<0.01; B A% <o,
P=0.80) (K&l 4),

- 358 By R PR o ik 1) 500 (B O O 4%
RATA B FLMECTR . FEI P48 RT 09388 m
FHEN (AR B >0, P<0.01; B BIR >
0, P<0.01), WFFEHFH Al 52 ) 4 358 sl ) X6 8 V% )
M fRVEF . MRHLARE T, 58 sh Wy X 08 7% 9 oy

i ) 2850 I 1 o 6 B ) B G S AR (LR
<0, P<0.01); FMEAMHTIEGMHKR, LEDY
B 500 A 5 i B B EA 2 (REPR >0, P=0.17)
(Kl 5).
24 EEREE
KFAMPIRGEIEXT Meta 0T 45 B2 75 A FEHY
HEAVPAGFB . T RO AE A7 22 0 T 2 s S
B mMmE (K 6), RUTLERMM. ¥ HRIERE
B AR (R 5 22 20N 48 480, it KT ML A 48k
(5n+10=1550), B, ATk Ehmfr, PHRss
WA AMEM.

http://pedologica.issas.ac.cn



572 + o IR 60 &
i} Grassland a) b) ¢)
Mt Woodland
14
~
=
Z
1=
=
B
_1 4 Repetitions G:y=-0.0008x + 0.1403 G:y=-0.0025x + 0.1171 G:y=-0.0012x+ 0.1613
b P=0.86 P=0.17 P=034
e3 W:y=0.0142x+ 0.1015 W:y=0.0095x + 0.2672 W:y=0.0156x + 0.0926
® 10 P <0.01 P<0.01 P <0.01
T T T T T T T T T T
0 10 20 -20 -10 0 10 20 10 20 30
43597 Temperature/°C — H il Temperature-Jan/C. £ H#4i Temperature-Jul/°C

. G: WMi; W. MM, TFE. Note: G: Grassland; W: woodland. The same below.

B3 RISt I8 7 P o3 B ons (S5 A ER . AR (1 ) B, &ilA (7 1) BiRMEE
Fig. 3 The relationship between the effect size of soil fauna on the litter decomposition and the average annual temperature, the average

temperature in January and July

Hi L Grassland a) b)
i Woodland
1 .
~
=
m
5 0
&
T
Ifefe““ons G:y=3E-05c+0.1172 G:y=—1E-05x + 0.1461
.l P=0.18 P=0.80
.: W: y = 9B-05x + 0.1242 W: y = —3E-05x + 0.2605
®10 P=0.15 P<0.01
T T ] T T T T T
1000 2000 3000 O 1000 2000 3000 4000
AE [T Precipitation/mm MR Asl/m

Kl 4 ISP JR7% Y o ik BBV S AR REK | TR O 2R

Fig. 4 Relationship between effect size of soil fauna on litter decomposition and annual precipitation and altitude

3 #F Sy xk A v W o ik O A HEAE S
5 B Wk U v W o A B AR R A AR AR |
3.1 AETHFEHX T EDYEEY S8R B b R M X 38 K (R 2), ASTR] 4 R
A J7 32 o R S W B A BE SR, 2 T RS T
- B L B W T A S g R 38 By (0 R E B G R T W 1 3 A 212 A
L ORBEIRLESR RN, S EGHE N sy e SCHRRREUR R TR A S S I ) o fik Y
T 8.10%A M43 . e FRBRIG Meta S0F74t  ROMLAER TR0, 0TSl Wpoxd I vée ) 5 fift ) B ik
S IS YE R I s R R T T VR ARM R T R AR R Y O 2 LI Sh )
35%°) . A SCHBCIE 25 BE AT B & L Garcla- WK, SHERMEEAC, HEDIYER
Palacios %P1 i SCHE h MR AR MR A BIF SE B8 /5 1 Yy I =6 0 25 AT T RE 23 0 I & W 03 ik O 4 B R
A, AR SC PR v BT 5 A e A v IVEHT

http://pedologica.issas.ac.cn



2 1] OV RIF MR R SR VT 00 SR B I 573
B Grassland b)
i Woodland
14
4
=
= o
b 0
N
%?“mm“ G:y=0.045x +0.0313 G:y=0.0685 +0.0512
o6 P<0.01 P=0.17
o8 W:y=0.0172x +0.172 W:y=-0.1194 + 0.3698
® 10 P<0.01 P<0.01
T T T T T T T T
0.0 25 5.0 7.5 10.0 1 2 3
RTINS WHERT K
Fauna accessed mesh size/mm Study length/year
s MBI T A 5 RO 5 TR A R L BRTEHE (6 R

Fig. 5 The relationship between effect size of soil fauna on litter decomposition and litterbag size and the experimental duration

#E7% Standard Error
0.33 0. 1|65 (.)

{3
0.495

0.659

N{E Log response ratio

K6 et oo <l 141

Fig. 6 Funnel plot of publication bias test

32 AR AT T LENY XS EZY S

RIS E gy

AR W /N DX R L R R R
R ARSCWITESERRN], LIRS I 7 4 o i
(02 A 5 it P S U0 AH O (8T 3 ). bt S S i
RO AR5 A B 2 IR A G s TR R AR S Sh W)
XTI 20 R A ROV S AR SR R RN B3, B
HNRB I B SRR A S o — At R
2l W) B4 1 5 00 3 gk S0 - B A R A ARG A (1
A Mifsi A (7 1) P8R B #EA TR
Br, WRIMAFEAE (K 3), £ —ERELE
FELPAL, i 8 T e 0 0 b s - S Sy xR v g - fit

AL HEVE T, TR0 1 B M 3 S ) U I oy
fR A IE HEAE T . LIS YR IR AR AR O U,
SRR L ) A0 T R Sk 2 5 W) SR S W R AL
ZREPERIE SR RAERY, R A S T ER
Mt YRR . SRR B EYMERE. K
L X 8 Bl ) B T 5 S i i S B ) T
LY REROR R B SR O R R, TERR
b 398 Sl Wy %) U 7 0 i ) AR A P R B ) T i
TGN AWFFE, B2 34T T e 45 B B 1
P XS X K R, B IR T K
SRR, TREEMEY, ariEE S8 L)
Wt U8 5 ) o3 Ak O (B AR ) E BRI 2 — o — 30
TER WA S RGP W, T s g
Wy B AT s A, S R 2 Rk eR Y e R
MR, R MRS h R R B, B T v
8T R rh 3 i F Y LS Y e
B2 i FEve 0], L T R K R L S sl W PR RS
B -3 W) A IR 15 AR, R L S S
TERE A E T B0 Sl W SR I R S A AR
2E5¢, XHREEBURIE AR, AN RSP R
K H FHEPA AT S/ D BRRIE, X AR A
URPY e S TR AR S R IR
SRR H L HTTAE RIS Y 5 B R SRR R
AL REAR, TP AT H R A 3R T B
L T v o - e S B Wy I B S R R B R

http://pedologica.issas.ac.cn



574 + b1

=

60 %

ROV “EEAEYT WA, ORI,
SREEE Y CRATALN, PR S M R R,
b T BBl Ay R R R S BRAE A v - R
T, 3LV T R N AR T i S B A A
FPH, FEREM A T L s B > HZREHEAR,
A AR Y 20 B AL 20 S BOE IR IR AN, il B2
14 A R i 5 B A S B W i L S 2 RE A
A, Ao e - SR X e A e A P S

ARBETE R, LSS xt I T 4 03 Ak ) ROV A
B AR 3K B RSN S4 A, Bl vRE4 69 T e TR AR
YR RIS A A AR RIS, A i B)
A= 1 S i B B T L3 sk T Mok 43 Bk
BN T LSS My B LA AR R K 23, TSN T
S Wy p RO RTE A IR T U A B R
1588 - S8 Sy Yy 3T U T W 4 A AR HEAE TS A
FRN, BEERRESER LT, kA L)
WIRETE 22 S XTI 7 10 A ) BT RR S22 3 B0 Dk
D REFET T X B R R, B K
A RBERER, TIESI R IR B E R

E e I RS 7/ R N L P D A
IS T 4 o AR T SO R A Y
£ AN NIUEE IR 31 DI N L 2= R 7/ L LT SR PN
B - PR PR TE P R TR Y A%
TR H sl 2, BEE AR KR 4 1 Sy
%, XY o0 i 00 02 BEAE FTBEE . MRHLZRPET
BR824 B P 8 o
BFEAG: BN IE R, TSR
ERS IR K IEARSC . T BEAY BRI D o bt R
TSR L, XS AT R S Y R .
B EAER RIS Yo i, OO T o i A Al 1 £
PR, AR E VR Yk AR, R
Loy, LIRS LI B 42 AR I s o2
/N O - S, s A X U v 0 A T
FEAE AN, 130 s S M o e i 5 ) 8 ol A W i
2y, XU o e AR TN i

4 4 ik

Meta 3 #r 4 B+ 3 5l W x4 % Wy 73 A 14 ke it
PEHIAEA R LA D7 SO N AP 22 5% . BRBE A 19
a2 L S RTUR 5 64 23 e A A R AS () = st A R 5
A5 Ao SRS ROV R A (1 H ),
rrilt A (7 7)) R RE R AR 2 I A 2

O S Y ROV AR SRR A | iR A SRR &
ARSI AR OCOC RN B2, (HAIR B BRI T |
e U T T AR S AR IR A K IR AR A . BEAE
KK o AR P AR RSB, 3 Shx i 7 1
PAg 0LV OIVAIER: b | ]S N o DN B BN
- SE SIS A T o i 0 AROR(EL AR . NG
FASCHIETE Z 4 h TR AN R, X B b g BIF S A G
By BREHLGAE 2, EEARE PRI X R
R PR LK, RO R o RARMIFTE N
2B XA ) A 7 2R S X v
i BRI SE , BB K R i 22 A 1 R 9 K
U, HLARSEIN R 2% B A R 5 M P i 45

£ 2% 3 Hk ( References )

[ 1] Wardle D A, Bardgett R D, Klironomos J N, et al.
Ecological
belowground biota[J]. Science, 2004, 304 ( 5677 ):
1629—1633.

linkages between aboveground and

[ 2] Bonan G B. Forests and climate change: Forcings,
feedbacks ,
Science, 2008, 320 (5882): 1444—1449.

[ 3] Garcia-Palacios P, Maestre F T, Kattge J, et al. Climate

and the climate benefits of forests[J].

and litter quality differently modulate the effects of soil
fauna on litter decomposition across biomes[J]. Ecology
Letters, 2013, 16 (8): 1045—1053.

[ 4] Frouz J. Effects of soil macro- and mesofauna on litter
decomposition and soil organic matter stabilization[J].
Geoderma, 2018, 332: 161—172.

[ 5] XiaL, WuF Z, Yang W Q, et al. Contribution of soil
fauna to the mass loss of Betula albosinensis leaf litter at
early decomposition stage of subalpine forest litter in
western Sichuan[J]. Chinese Journal of Applied Ecology,
2012, 23 (2): 301—306. [ &, RfEE, BHH, 5
JVVS SIE. 5 L 2R AR YA 8 90 4 7 400 00 L 8 3l 0 ek £ AR ) 9
MR R A SR (] AR RS AR, 2012, 23 (2):
301—306.]

[ 6] Cleveland C C, Townsend A R, Taylor P, et al.
Relationships among net primary productivity, nutrients
and climate in tropical rain forest: A pan-tropical
analysis[J]. Ecology Letters, 2011, 14 (9): 939—947.

[ 7 ] Berg B. Decomposition patterns for foliar litter - A theory
for influencing factors[J]. Soil Biology & Biochemistry,
2014, 78: 222—232.

[ 8] AmaniM, GracaM A S, Ferreira V. Effects of elevated
atmospheric CO, concentration and temperature on litter
decomposition in streams :

International Review of Hydrobiology, 2019, 104( 1/2):

14—25.

A meta-analysis[J].

[9] Barajas-Guzman G, Alvarez-Sanchez J. The relationships

http://pedologica.issas.ac.cn



2 3

U AR LR D7 T S 7 4 3 g A SR R R

575

[ 10 ]

[12 ]

[ 16 ]

[ 18 ]

[ 19 ]

[ 21 ]

[ 22 ]

between litter fauna and rates of litter decomposition in a
tropical rain forest[J]. Applied Soil Ecology, 2003, 24
(1): 91—100.

Collison E T, Slade E M. Macrofauna

assemblage composition and soil moisture interact to

Riutta T,

affect soil ecosystem functions[J]. Acta Oecologica,
2013, 47: 30—36.

Riutta T, Clack H, Crockatt M, et al. Landscape-scale
implications of the edge effect on soil fauna activity in a
temperate forest[J]. Ecosystems, 2016, 19( 3 ): 534—544.
Emmerling C. Long-term effects of inundation dynamics
and agricultural land-use on the distribution of soil
macrofauna in fluvisols[J].
Soils, 1995, 20 (2): 130—136.

Geissen V, Pefia-Pefia K, Huerta E. Effects of different
land use on soil chemical properties, decomposition rate
Mexico[J].

Biology and Fertility of

and earthworm communities in tropical
Pedobiologia, 2009, 53 (1): 75—86.
Ammer S, Weber K, Abs C, et al. Factors influencing the
distribution and abundance of earthworm communities in
pure and converted Scots pine stands[J]. Applied Soil
Ecology, 2006, 33 (1): 10—21.
Postma-Blaauw M B, de Goede R GM, BloemJ, etal.
Soil biota community structure and abundance under
agricultural  intensification and
Ecology, 2010, 91 (2): 460—473.
de Vries F T, Hoffland E, van Eekeren N, et al.

Fungal/bacterial ratios in grasslands with contrasting

extensification[J].

nitrogen management[J]. Soil Biology & Biochemistry,
2006, 38 (8): 2092—2103.

Bradford M A, Tordoff G M, Eggers T, et al. Microbiota,
fauna , litter
decomposition[J]. Oikos, 2002, 99 (2): 317—323.

Cotrufo M F, Ngao J, Marzaioli F, et al. Inter-comparison

and mesh size interactions in

of methods for quantifying above-ground leaf litter
decomposition rates[J]. Plant and Soil, 2010, 334 ( 1/2):
365—376.

Berthrong S T, Jobbagy E G, Jackson R B. A global
meta-analysis of soil exchangeable cations, pH, carbon,
and nitrogen with  afforestation[J].  Ecological
Applications: a Publication of the Ecological Society of
America, 2009, 19 (8): 2228—2241.

Cooper H M, Rosenthal R. Statistical versus traditional
procedures  for
Psychological Bulletin, 1980, 87 (3): 442—449.

Koehler H, Born H. The influence of vegetation structure

summarizing research findings[J].

on the development of soil mesofauna[J]. Agriculture,
Ecosystems & Environment, 1989, 27 ( 1/2/3/4 ):
253—269.

Deng X B, Zou S Q, FuXH, etal. The impacts of land
use practices on the communities of soil fauna in the
China[J]. Acta

Xishuangbanna rainforest , Yunnan ,

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

[ 31]

Ecologica Sinica, 2003, 23 (1): 130—138. [ABHEAR,
ERAFT, AT SEEL, AR VE AN I FARAS [+ R
J5 2% L S A B R (1], AR, 2003,
23 (1): 130—138.]

Wang Y, Wei W, Yang X Z, et al. Interrelationships
between soil fauna and soil environmental factors in
China: Research advance[J]. Chinese Journal of Applied
Ecology, 2010, 21 (9): 2441—2448. [F£#, Tff,
B, &5, R LS5 1 AR S SO LG R BT
FEHERE[T]. R AZS 243, 2010, 21(9); 2441—2448.]
Zhang H, Wu H T. Research progresses in effects of
climate warming on soil fauna community structure[J].
Chinese Journal of Ecology, 2020, 39 (2): 655—664.
[RE, i, RSB XS L S Y HETE 454 1952
HLRI[I]. R4, 2020, 39 (2): 655—664.]
LiHY, Yin X Q, MaC, etal. Ecological distribution of
soil fauna communities in hilly regions of the Changbai
mountains relative to land use[J]. Acta Pedologica
Sinica, 2017, 54 (4): 1018—1028. [Z=£1 1, B3,
R, 4. K r i g XOR TR R T D7 2 3 588 )
RERAE S AR AE[T]. 32, 2017, 54 (4):
1018—1028.]

Liu X D, Ma Q H, Yu H Y,

warming-induced

et al. Climate

drought  constrains  vegetation
productivity by weakening the temporal stability of the
plant community in an arid grassland ecosystem[J].
Agricultural and Forest Meteorology, 2021, 307: 108526.
Yin X Q, Zhong WY, Wang H X, et al. Decomposition
of forest defoliation and role of soil animals in Xiao
Hinggan mountains[J]. Geographical Research, 2002, 21
(6): 689—699. [BFAE, iz, FigiE, 4. %
LW ARARTE T O i S SRS RO T[] BB SY,
2002, 21 (6): 689—699.]

Bokhorst S, Convey P, Huiskes A, et al. Dwarf shrub and
grass vegetation resistant to long-term experimental
warming while microarthropod abundance declines on
the Falkland Islands[J]. Austral Ecology, 2017, 42 (8 ):
984—994.

David J F, Handa I T. The ecology of saprophagous
macroarthropods ( millipedes, woodlice ) in the context of
global change[J]. Biological Reviews of the Cambridge
Philosophical Society, 2010, 85 (4 ). 881—895.
Huang Y M, Yang W Q, Zhang J, et al. Response of soil
faunal community to simulated understory plant loss in
the subalpine coniferous plantation of western Sichuan[J].
Acta Ecologica Sinica, 2010, 30 ( 8): 2018—2025. [#
FAMG, T, sRAE, S PGS LA AR S Y
REVE X BAAR T AL 2 R iR I (1], A= 3823, 2010,
30 (8): 2018—2025.]

De H S, Hong M, Zhao B, et al. Effect of simulated
warming and N addition on soil mesofauna community in

desert steppe of Inner Mongolia[J]. Journal of Arid Land

http://pedologica.issas.ac.cn



576

+ i

e 60 %:

[ 32 ]

[33]

[ 34 ]

[ 35 ]

Resources and Environment, 2016, 30 (6): 122—128.
(FEifE L, 20M, BLFARARRL, 5. BOUUEE . %
Xof e U B A 3 RN RS S R IR e (7). T R IX B
PR, 2016, 30 (6): 122—128.]

Koltz AM, Classen A T, Wright J P. Warming reverses
top-down effects of predators on belowground ecosystem
function in Arctic tundra[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2018, 115 (32): E7541-E7549.

Neher D A, Weicht T R, Moorhead D L, et al. Elevated CO,
alters functional attributes of nematode communities in
forest soils[J]. Functional Ecology, 2004, 18( 4 ): 584—591.
HouLL, Sun T, Mao ZJ, et al. Litter decomposition and
nutrient dynamic of Betula platyphylla secondary forest
with different stand ages in Xiaoxing’an mountains[J].
Bulletin of Botanical Research, 2012, 32( 4 ): 492—496.
MERF, NG, BT, F /DB ARRIME KA
WAL I MERR U Y5 W 53 S R o A2 AR D). R BEOE
2012, 32 (4): 492—496.]

He RL,Chen Y M, Deng C C, et al. Litter decomposition

and soil faunal diversity of two understory plant debris in

[ 37 ]

the alpine timberline ecotone of western Sichuan in a
snow cover season[J]. Chinese Journal of Applied
Ecology, 2015, 26 (3): 723—731. [Flid:%, MRAHE,
AR, A5 WA PG 5 LLARZR A5 i IR i o4
VRO S LIRS ZRERE(D]. MRS, 2015,
26 (3): 723—731.]

Ye H, Hong M, Zhao B, et al. Effects of water and
nitrogen treatments on root decomposition in a Stipa
breviflora desert steppe[J]. Chinese Journal of Applied
and Environmental Biology, 2020, 26 (5): 1169—1175.
[T, 204, BEEIARRL, 5. KA R ALE
26T LR EAR R M RSE (0], N SRR AE YR,
2020, 26 (5): 1169—1175.]

Wang S J. Effects

decomposition along an elevation gradient in the Wuyi

of soil fauna on leaf litter
mountains[D]. Nanjing: Nanjing Forestry University,

2009. [EABZE. I INA 83 L S sh Wy x4 3 W) 4>
fRISZIR D). M. FAUMOIREE, 2009.]

Usher M B. The biology of soil: A community and
ecosystem approach[J]. Soil Use and Management, 2006,

22 (3): 323.

(RERE: » #)

http://pedologica.issas.ac.cn



