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Response of labile organic carbon content in surface soil aggregates to short-term

nitrogen addition in artificial Pinus tabulaeformis forests
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Abstract: Increasing nitrogen ( N) deposition is significantly affecting the carbon cycle in forest ecosystems. However it is
not clear how N deposition affects the content of labile organic carbon in soil aggregates which restricts our understanding of
the soil carbon cycle and the development of the carbon cycle model. This study was conducted in an artificial Pinus
tabulaeformis forest and simulated N deposition for nearly 2 years. Three N treatments namely N3 (3 gNm~a™') N6
(6gNm?a') andN9 (9gNm~a"') anda control treatment with no N added were applied and each was replicated
six times. Three labile organic carbon in soil aggregates were measured. There was no significant effect of short-term N
addition on surface soil aggregates while soil organic carbon was dramatically affected by N addition. Soil organic carbon

content in the 0—10 cm soil layer was higher in the three N addition treatments and was highest in the N6 treatment.
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Additionally the change in organic carbon content in macro— and micro-aggregates generally followed the pattern of soil
organic carbon and moderately highly labile organic carbon also followed. In soil aggregates the amount of highly labile
carbon was greatest then moderately labile carbon and the content of minimally labile carbon was lowest. Compared to
three labile organic carbon of CK treatment the amount of minimally moderately and highly labile organic carbon in the
N6 treatment increased by 115.06% 178.73% and 79.61% in macro-aggregate respectively. And the amount of three
labile organic carbons in the micro-aggregate increased by 32.84% 166.79% and 62.05% respectively. Among the three
labile organic carbon categories the change of moderately active organic carbon in the macro—and micro-aggregates was
highest which indicated that the moderately active organic carbon in soil aggregates was the most sensitive to shortterm N
addition. The results showed that short-term N addition affected surface soil organic carbon content by changing the amount
of moderately labile organic carbon in the surface soil macro—and micro-aggregates. The results of a principal components
analysis showed that soil total N and pH were affected by short4erm N addition and it also caused a change in soil texture
and total P. The changes of soil physical and chemical properties may result in an increase in root biomass and litter

decomposition which brought a significantly change on active organic carbon content in surface soil aggregates.

Key Words: nitrogen deposition; surface soil aggregate; labile organic carbon; Pinus tabulaeformis forest
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10 L °
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1
Table 1 Basic characteristics of experimental forests
Vegetation characteristics Soil properties
freatment DBH/cm Height/m pH Organic C/(g/kg)  Total P/(g/kg)  Available P/( mg/ke)
CK 16.04+1.46a 16.43+0.47a 8.22+0.01a 11.88+0.53a 0.51+0.02a 2.79+0.17b
N3 15.79+1.92a 17.22+0.40a 8.19+0.02a 14.91+1.17a 0.53+0.01a 4.24+0.76ab
N6 15.96+1.71a 16.12+0.76a 8.18+0.02a 14.34+0.67a 0.52+0.01a 4.76+0.24a
N9 16.34+3.23a 17.67+0.69a 8.26+0.03a 12.90+0.81a 0.52+0.01a 4.14+0.38ab
N3: Low nitrogen addition; N6: Medium nitrogen addition; N9: High nitrogen addition;
( P<0.05)
1.3
2015 9 3 1 mx1 m,
(65°C 48 h) o X X 50 emx50 ¢cmx 10 c¢m (>2
mm) ( <2 mm) (65°C 48 h) o
a2 1 (0—10 cm) o
o 100 pH ;
( <0.002
mm) (0.002—0.05 mm) (0.05—2 mm) .
14
=, 100 g 8 mm 250 um 53 um
10 min., 3 cm 30 /min 2 min.
(>0.25 mm) (0.053—0.25 mm) -
( <0.053 mm) , 65C o (' TOC) ;
(LOC) % 15—30 mg
50 mL 333.167.33 mmol/L 25 mL 1 h 4000 r/min 5
min 250 565 nm KMnO, 3
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Table 2 Effects of nitrogen addition levels on composition of soil aggregates

The range of particle sizes of aggregates/%

Treatment

>0.25 mm 0.053—0.25 mm <0.053 mm
CK 65.36+7.63a 28.49+6.40a 6.16+1.98a
N3 68.78+7.99 25.95+7.41a 5.28+0.72a
N6 73.65£5.05a 21.88+4.57a 4.48+0.90a
N9 72.76+7.82a 22.11+6.45a 5.14x1.48a
22 oo TR WA
1 N (P< A &
0.05) . N E 11 A% i
N6 : L2 w [0 T
CK N3 N6 N9 & ! P Z % %
61.1% 74.4% 47.6%. 3 % % %
CK N3 N6 N9 2 st % % % %
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1 N
N6 Fig.1 Effect of N addition on the content of soil organic carbon
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( P<0.05) ; N6 (P<
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3 o
N
N6 CK 86.67%

http: //www.ecologica.cn



37

6728
115.06% 144.60% 104.22%178.73%  148.65% 72.54%
79.61%73.63% o 4
o N
N6 o CK N
( P<0.05) 65.69% 32.84% 64.46%
115.02%166.79%59.18% 59.35%+62.05% 46.94% . N
N o
NEEN N6 ;
N o
5 N
( P>0.05) . N
Br o kMREANR 0 BT R e T ORAmSESHS
A RAEA LR L8
°T aA
20} » . o aA T aA
i by
3 5| abAB bB = aA
4§ bA HWE 12}
Ee [oas aB O aB £2 10} oAbk aB
A il I Blol MR AL
& g 06 7
© st 5 04 e
] 02t
0 0 -
Jii g 4t ¥ Nitrogen addition treatment gAMb HE Nitrogen addition treatment
2 N 3 N
Fig.2 Effect of N addition on the content of soil aggregates Fig.3 Content of minimally moderately highly labile organic
organic carbon carbon in soil macro-aggregates under different nitrogen addition
( P<0. (P<
05) (P< 0.05)
0.05) ( P<0.05)
24
N o C:N:P
pH N N o
3 7
( 3, >1 3 77.16%
1 N NN pH-
N N.pH 1 ;
2 N 2 - ;
3
3 o N

http: //www.ecologica.cn



20

6729

O A RBRE AR O A R s A AL I O Y
B e LA L | T R 2 BRI
1.8 ¢ aA 5
5 aA N
%D L6 - aA § aA Al
< eid g%y aA  aA
T 14 ) i
g’ﬂ% 12} a3 %%12— aA aA o
% : bA % abB =L aA
S ot % T8
&5 aC 32 L
mo 08t % aB e 8
2 bB % abB ol
=5 06} % Rl
5] bB % T o4l
2 04t Z é 3
0 é 7 0 CK N3 N6 N9
CK N3 Né6 N9 Jiti & i Bl Nitrogen addition treatment
Jiti 44k 3 Nitrogen addition treatment
5 N N

4 N NEEN

Fig.5

Fig.4 Content of minimally moderately highly labile organic

Content of non-abile organic carbon in soil aggregates

under different nitrogen addition
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carbon in soil micro—aggregates under different nitrogen addition (P
<
0.05)
( P<0.05)
3
Table 3 Principal component loading matrix and contribution rate
Component Component
Factor 1 2 3 Factor 1 2 3
Organic carbon 0.861" -0.107 -0.262 Litter biomass -0.487 0.143 -0.784"
pH -0.859" 0.276 0.053 Clay -0.809" 0.044 0.124
Total P 0.700" 0.351 0.071 Silt 0.034 -0.906" -0.171
Total N 0.947" -0.043  -0.045 Sand 0.628"  0.700" 0.039
-0.327 5127 0.224 42.62 18.96 15.58
Rough root biomass 0.512 Contribution rate/%
.042 -0.2 877" 42.62 1. .1
Fine root biomass 0-0 0-296 0.877 Accumulative contribution rate /% 6 61.57 77.16
* ( P<0.05)
3
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