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Abstract

Aims Our objective was to determine the effects of changes in global pattern of precipitation on soil respiration
and the controlling factors.

Methods Data were collected from literature on precipitation manipulation experiments globally and a meta-analysis
was conducted to synthesize the responses of soil respiration to changes in precipitation regimes.

Important findings We found that an increased precipitation stimulated soil respiration while a decreased pre-
cipitation suppressed it. When changes in rainfall were normalized to the average treatment level (41% of the cur-
rent annual precipitation), the level of increases in soil respiration with increased precipitation (49%) were higher
than that of decreases with decreased precipitation (21%), showing an asymmetric responses of soil respiration to
increases and decreases in precipitation. Soil moisture occurred as the most predominant factor driving the
changes in soil respiration under altered precipitation. Changes in soil moisture affected soil respiration directly
and indiscreetly by changing aboveground/belowground net primary productivity and microbial biomass carbon,
which collectively contributed 98% of variations in soil respiration. In addition, the responses of soil respiration to
altered precipitation varied with background temperature and precipitation. The sensitivity of soil respiration inc-
reased with local mean annual temperature when precipitation was reduced, while remaining unchanged when
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precipitation was increased. Meanwhile, the sensitivity of soil respiration to either increases or decreases in pre-
cipitation decreased with increasing local mean annual precipitation. Under future altered precipitation regimes,
the sensitivity of soil respiration to changes in precipitation is likely dependent of local environment conditions.
Key words soil respiration; carbon cycle; meta-analysis; precipitation change
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Fig. 1 Regressional relationships of soil moisture (A) and soil respiration (B) with percentage changes of precipitation. The filled
circles represent increased precipitation, and the open circles represent decreased precipitation. p < 0.01, statistically highly signifi-

cant; p < 0.05, statistically significant.
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Fig. 2 Changes of normalized soil respiration in overall and different ecosystems under increased or decreased precipitation (effect
size + 95% confidence interval). The white bars represent the negative effects of decreased precipitation while the black bars repre-
sent the positive effects of increased precipitation. The values beside the bars indicate sample sizes used in meta-analysis.* means
statistically significant.
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Fig. 3 Regressional relationships of soil respiration with soil moisture (A), aboveground net primary productivity (B), belowground
net primary productivity (C), and microbial biomass carbon (D). The filled circles represent increased precipitation, and the open
circles represent decreased precipitation. p < 0.01, statistically highly significant; p < 0.05, statistically significant.
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Fig. 4 A structural equation model of the effects of soil moisture, aboveground net primary productivity, belowground net primary
productivity, and microbial biomass carbon on soil respiration. Gray and black arrows represent significant positive and negative
pathways, respectively. Values beside the arrows indicate the standard path coefficients. Arrow width is proportional to the strength of
the relationship. R* values represent the proportion of variance explainable by each variable in the model. *** p < 0.001; **, p < 0.01;
* p<0.05. y*=0.49, p = 0.48, comparative fit index (CFI) = 1.00, root mean square error of approximation (RMSEA) = 0.00, Akaike
information criteria (4/C) = 38.49.
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Fig. 5 Regressional relationships between response ratio of soil respiration and response ratio of soil moisture under increased or
decreased precipitation (A, D). Different sensitivities of changes in soil respiration to soil moisture under increased or decreased pre-
cipitation in different conditional mean annual temperature (‘C; B, E) and mean annual precipitation (mm; C, F). Black line, dash line
and gray line represent the regression relationships between response ratio of soil respiration and response ratio of soil moisture under
three precipitation or three temperature gradients, respectively. Sy, Sy, and S; represent slopes of the three regression lines, respectively.
A, B, and C, Increased precipitation treatment. D, E, and F, Decreased precipitation treatments. p < 0.01, statistically highly signifi-

cant; p < 0.05, statistically significant. RR, response ratio.
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REGh, FEKR EEM RS T, HmpEK L
W n40% LAt i 980 B KA BRAIR 1 20% /2 4 £
BRI, TR BCNIRIE RS Rgd, BN R
5] I L IR AR /N (<10%), 1T 98D B K B A
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2002; Knapp & Smith, 2001; Knapp et al., 2017), &
YRR RS 2 —8. MAE% ik eI 6
B K BFg T 2B, 48 RS A 0T R SR 1R149%, Rk
PRI /D T SRR B 121%, FF HARTE KIS, tigny
WS XoF 164 N PR BB v TRk R AL B, 3X 5 Wus§(2011)
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T2A—m b, Bakg b oK S5 mEy
Jo BRI 7K 43 B F 2% % (Gutschick & Bas-
siriRad, 2003; Huxman et al., 2004; Liu ef al., 2016),
NI ASE 538 R ) RS /)N T 184 m g 7K 5 e 3
FERG I [F, S35 e Y & AR T 7y e R
ARk, 33T BE DR FE A - 38 P 1 16 K (Flan-
agan et al., 2002; Knapp et al., 2017). Ti{EHCNIEE
PIREE R, Ko A R BRI R 7, 3 WA R
—BiE N, HEN L EKS SR EEES
PN % (Knapp et al., 2008; Estiarte ef al., 2016) &% 5%
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2003), FECIEIFL TR,
32 PEKTT IR IRAEIR A = Z 4

B 7K AR A 3 B i 08 K o R AR A S R
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389 i B B 51 R (K BNPP AN 338 48 A= Wk 126 A%
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5 TH B 3250 R, 5 — 5 T 52 M ANPP
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Sponseller, 2007; Inglima et al., 2009; Cleveland et al.,
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2010; Smith et al., 2014). XN+ IEHEDIE LA
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SEC IR E R RS I, 3D R R IR
JUE I FE BN 2 0| BNPP, {HANPPYS N X 2>
{3t BNPP J¢ V- IEGAE DTG 0, 2 SRR
W . ez, YRRk YOG AR R
AL BT A IR, Hod T R G
TR 2 BE T (Harper et al., 2005; Sotta et al., 2007),
X —J7 [ B4 5 8UR RPN AR, 55— 7 2 i
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TEB— R A IE Rt i P2 BRI - 3P
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5 R AT R 32 B2 [ IR PR A BRI b o 9 L A3
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BRI, IR T K I 5 S ) - 3 R I
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SRR R o K 2 338K A e I i, 3 TR A K
Hh ) NP DR AR DR N AR ER AN, R
7K 53 RS At 2 i A A 558 0 5 1) o 17 38 5 (Jiang
etal., 2013),

[FIRE, —EIEIFIR S 7K 43 () BUE P 52 31 A S %

©U 00000 Chinese Journal of Plant Ecology



W G4 FRKM R 5 T IR AR A B B R R R 1247

SIS o PSR 45 SR BRATT R IR SRR IR T 7K 43 1)
TR 7 438 T Rk S Ach 2 o 8 5 AR I A R 2 P 4
TNz R R (ESC. S5F), X—4 315 K2R
45 W (Jiang et al., 2013; Liu et al., 2016)—%. — K
Ui, TER IR (B /K S5 ) Iy, g
X 7K B RBUBHE IR . 380 B 7K R B fl 95 M (i g+
BENPR, B K AV 0 2 RIS R
S S w2 7 Nl 111 A1 ) o S L i
T BR 043 7K 70 A ] ge e ik 1 38 IF I (Rocette et al.,
1991; Zhou et al., 2008). TMTEJR AR T 2 (FEFFK
BRI AT, BN B B K 2 5] 1 g N
M AR K I S (Knapp et al., 2008), {EI T4
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