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Effects of nitrogen addition on plant-soil carbon dynamics in terrestrial

ecosystems of China

GUO Jieyun, WANG Yaxin, LI Jianlong”
Department of Ecology, School of Life Science, Nanjing University, Nanjing 210023, China

Abstract: In recent years, the rate of atmospheric nitrogen (N) deposition in China has been increasing. Excessive N input
has a strong impact on the carbon (C) cycle of terrestrial ecosystems in China. Although a large number of studies have
reported the effects of simulated N deposition experiments on the C dynamics in terrestrial ecosystems in China, due to the
complex geographical conditions and different fertilization regimes, the general response and the mechanism of plant and soil
C pools to N addition are still widely debated. Here, we collected and compiled the available data from 172 published field
N-addition experiments in China to assess the effects of N addition on plant and soil C dynamics in terrestrial ecosystems by
meta—analysis, and to explore its underlying mechanism at the national scale. The results showed that N addition stimulated
plant C fixation, both aboveground and belowground biomass were significantly increased, and the response of aboveground
biomass was higher than that of belowground biomass. Meanwhile, N addition significantly increased litter mass, but it did
not significantly affect fine root biomass. The ratios of C:N in plant leaf, litter, and fine root were significantly decreased by

N addition. Generally, N addition increased soil organic C ( SOC) concentration and decreased soil pH across all the
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selected studies, while it had minor effects on dissolved organic C ( DOC), microbial biomass C ( MBC), and soil
respiration (SR). We found that the responses of SOC concentration to N addition were increased, decreased, or unchanged
under different geographical variation. Regression analysis showed that there were negative correlations between aboveground
biomass vs. SOC, and MBC vs. SOC. Despite N addition significantly increased plant C inputs into the soil via increased
litter mass, it also might increase the soil C decomposition by stimulating microbial degradation, since elevated N input
would provide high—quality substrates via significantly decreasing the C;N ratio in litter and fine root. The response of SOC
accumulation to N addition depends on the trade—off between plant C input and soil C output. In conclusion, we suggest that
N addition increases plant C sequestration and soil C storage in terrestrial ecosystems in China, and the effect magnitude
was dependent on the ecosystem types and fertilization regimes. Our findings highlight that the negative correlation between
aboveground C input and SOC under N deposition may affect the prediction of terrestrial soil C budget, and this relationship

should be given full consideration in further ecosystem models.

Key Words: biomass; soil organic carbon; meta—analysis; nitrogen addition; terrestrial ecosystem; carbon accumulation
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(4) [l —BIFE R, S [ 1 R N R A R 2 ST RS 25 SR 0 RN SR [ — B 58 4 5 AN IR R A A i 1 229K
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Table 1 Effects of climatic conditions, ecosystem types, and fertilization conditions on plant and soil carbon-related variables

AR SRV RK s e Jite 2L [
/EE Mean annual Mean annual A RGIM ﬁ@%bﬂﬁ%ﬁ Experimental
Variable L. Ecosystem type N-addition rate .

temperature precipitation duration
AGB 0.545 0.768 0.336 0.567 0.253
BGB 0.249 0.158 0.860 0.688 0.963
LB 0.795 0.258 0.001 ** 0.003 ** 0.979
FRB 0.972 0.442 0.195 0.007 ** 0.331
Leaf CN 0.254 0.789 0.233 0.042 " 0.211
Litter CN 0.539 0.180 0.139 0.016 " 0.076
FR CN 0.885 0.949 0.811 0.069 0.238
SOC 0.015" 0.018" 0.095 0.612 0.153
DOC 0.102 0.253 0.645 0.011* 0.351
MBC 0.077 0.091 0.460 0.055 0.189
SR 0.686 0.369 0.267 0.001 *~ 0.031"
DON 0.613 0.950 0.832 0.067 0.938
MBN 0.294 0.052 0.131 < 0.001 """ 0.594
pH 0.027 " 0.673 0.096 < 0.001 """ 0.016"

w5 xR AR5HIRE P < 0.05,P < 0.01,F1 P < 0.001; AGB : b A= 4 Aboveground biomass ; BGB : # F A= #) & Belowground biomass; LB
75T Litter biomass ; FRB: 4IMRA: M Fine root biomass ; Leaf CN: M H#RZA L Leaf C:N ratio; Litter CN; 75 & L Litter C:N ratio; FR CN:
YIARHRA L Fine root C:N ratio;SOC: 13 A HLE% Soil organic carbon; DOC ; ] 1A HL% Dissolved organic carbon; MBC : 44 ¥4 )& ik Microbial
biomass carbon ;SR ; T4NFI Soil respiration; DON ; FJ ¥ A HLA Dissolved organic nitrogen; MBN . i/l #4184 Microbial biomass nitrogen

2.2 FUS IS A 3 f 2 A A S B A S )
NI T AP (9% ) FIRT A HLAE(25% ) & 1, {H[R) B i 25 BEAIR T 3 pH {H (5%) .,
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Fig.1 Responses of plant biomass and C:N ratio to N addition in different ecosystem types and nitrogen application conditions
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Fig.2 Responses of soil carbon pools and soil properties to nitrogen addition in different ecosystem types and nitrogen application conditions
SOC : 144 MLk Soil organic carbon; DOC : AI{E A HLEK Dissolved organic carbon; MBC ; fif{ 21 #) 5 ) 75 Microbial biomass carbon ; SR ; 130T
% Soil respiration; DON : F] %1474 HL%L Dissolved organic nitrogen; MBN . {2 914 #1120 Microbial biomass nitrogen

BB , - eI, folo A= A e E0R S8 pH XS 0N I 94 0 1o it 260 4 ) T i AR W S A, A 0
WP pH (7R | S A0 S0 8 X AN N A8 W IO A A 35 2 5
2.4 HYAEYES S RE Z BRI OGO AR

IIAERAE T S5 R R, R A AR A ROV (H 5 3 b AR Yy A ROV (H 2 B3 R TR SR | T S 3 F A=
Py IO AR . FERERUR R T, A LR (8 R0 (EL G (2 0 A i e A L ) b i S B 3
FEREH (K 3)

3 e
ARG LA E Rl A 2 R G0 A 4, 45 5 SR U N 0 T R AR S0 A ATE BRI T B9 B
FEAEFAN—FL 20 SR, RS M b R0 R BB S B T AN AR TR, b AR A (B R T R AR

P (P 1), HABM AR D)t Do WA . Z A AT ik S . A 0 ot 20 P i [0 2K T
TR AR R R ECEEIE | A S R (B ) W R I A A R 5 A3 AR A A (AR

http ; //www.ecologica.cn



12 1] SRS

S5 L SISO F il b AR 25 R G AR - L R S A Y R

4829

T3 BB AL AE
Effect size of SOC

=
(¥}
T

@
R>=0.154
-02 P=10.049
n=20(13)
1 1 1
0.1 0.3 0.4
H b A B RS AE
Effect size of AGB
02 é .
[ 04l * R?>=0.125
’ P=0.013
0.1 ° n=42(17)

LI B A KOAE
Effect size of SOC
T

0 e T S —
<
i R*=0.013
-0.1 - P=0.632 .
) ‘ ) n= 20 (6) 0.2 - .

-1.0 -0.5 0 0.5 1.0 -0.2 0 0.2
iR AR NAE A ) R R RS A

Effect size of BGB Effect size of MBC

B3 thtEYE HMTEYENNEYEYERS TEFNBRZBNEXXR
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Fig.4 The conceptual model describes the response of plant-soil carbon dynamics to N addition and the correlation between plant and soil
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