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Effects of natural vegetation restoration and afforestation on soil carbon and nitrogen storage
in the Loess Plateau China. LIU Yudin ZHU Guangyu DENG Lei" CHEN Lei SHANG-
GUAN Zhou-ping ( State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau
Northwest A&F University Yangling 712100 Shaanxi China) .

Abstract: Changes in land use can have important impacts on soil carbon and nitrogen storage. To
explore the effects of different land use types on soil carbon and nitrogen storage we examined the
differences of soil carbon and nitrogen storage ratio of carbon to nitrogen and root biomass in the
0-100 em soil layer of the natural grassland and Pinus tabuliformis plantation since the implementa—
tion of the project ( 15 years) of “Returning Farmland to Forest ( Grassland) ” in the Ziwuling forest
region of the Loess Plateau China. The results showed that soil organic carbon of both natural
grassland and P. tabuliformis plantation showed surface polymerization effect. Soil organic carbon
storage in the 0-20 cm soil layer of natural grassland was significantly lower than that of P. tabuli—
formis plantation while the other soil layers showed no significant difference. The total soil carbon
storage of P. tabuliformis plantation in the 0—100 cm soil layer was 117.94 Mg * hm™  which was
28.4% higher than that of natural grassland. There was no significant difference in total nitrogen
storage in different soil layers of the two vegetation types. The soil total nitrogen storage of natural
grassland was 7.69 Mg * hm™ in the 0—100 cm soil layer which was 17.7% higher than P. tabuli-
formis plantation. There was significant difference in ammonium storage among different soil layers
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in natural grassland and P. tabuliformis plantation. The ammonium storage in natural grassland was
significantly higher than that in P. tabuliformis plantation exhibited first increase and then decrease
trend with the increases of soil depth. Only in the 0-20 cm soil layer nitrate storage in natural
grassland was significantly higher than the P. tabuliformis plantation. The ratio of carbon to nitrogen
of natural grassland and P. tabuliformis plantation showed no significant difference in 0-20 em soil
layer. With the increases of soil layers the ratio of carbon to nitrogen in P. tabuliformis plantation
were higher than in the natural grassland and the difference increased gradually. In addition soil
carbon and nitrogen storage showed significantly positive correlation with root biomass in natural
grassland and P. tabuliformis plantation. Therefore natural grassland was conductive to the accumu—
lation of soil nitrogen storage and P. tabuliformis plantation was beneficial to increase soil carbon
storage. Root was an important factor affecting the distribution of soil carbon and nitrogen storage.

Key words: natural restoration; plantation; soil carbon storage; soil nitrogen storage; C/N; root.
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Table 1 Basic physical and chemical property of soil
C/N pH
Land use type Soil layer Soil mechanical composition ( %) Soil water Soil bulk
( cm) content density
Clay Silt Sand (%) (g*em™)
0~20 13.6+0.8 35.3+1.8 51.1£2.3 11.4+0.5 8.2+0.0 0.86+0.01 1.29+0.05
Natural restoration 20~40 13.1+0.7 34.9+0.8 52.0+1.4 9.5+0.8 8.8+0.0 0.89+0.01 1.25+£0.02
grassland 40~60 13.3+0.6 36.5+1.5 50.2+2.0 9.7+0.6 8.9+0.4 0.91+0.01 1.31+£0.02
60~ 80 13.6+£1.6 36.4+1.1 50.0£2.4 9.0+0.3 8.9+0.0 0.90+0.01 1.27+0.02
80~100 13.1+0.3 36.6£2.4 50.3+2.4 9.5+0.9 8.9+0.0 0.90+0.02 1.25+£0.02
0~20 15.0+£0.6 36.9+0.3 48.2+0.9 10.3+£0.6 8.8+0.1 0.90+0.00 1.28+0.04
Pinus tabuliformis 20~40 13.5+0.2 37.7+£2.6 48.8+2.7 11.1+0.2 8.9+0.0 0.88+0.02 1.28+0.04
plantation 40~60 13.4+0.8 38.1+£3.5 48.5+4.3 11.8+0.6 9.2+0.5 0.91+0.01 1.29+0.01
60~ 80 13.6+£0.3 39.5x1.5 46.9+1.8 11.1+£0.7 8.9+0.1 0.92+0.01 1.31+£0.05
80~100 13.3£0.4 38.9+3.1 47.7+3.5 11.1+£0.3 9.0+0.2 0.91+£0.02 1.32+0.01
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Table 2 Analysis of influencing factor variance of soil carbon and nitrogen storage and content and C/N
df soc ™ C/N C. N
F F F F
Mean square Mean square Mean square Mean square Mean square
1 48.079  8.07** 0.097  14.17** 581325  33.49%* 336985 9.91** 0.559  13.74**
Land use type
* P<0.05; * % P<0.01. SOC: Soil organic carbon; TN: Soil total nitrogen; C/N: Carbon to nitrogen ratio; C: Soil
organic carbon storage; N Soil total nitrogen storage. The same below.
(g-kg') TN (g*ke');BD
(geem™) ;D (cm) . 0~100 cm
2) ( MWD) 7.69
( GMD) 0 Mg * hm™ 3.02 g * kg™ 6.33
. d Mg+ hm™ 2.45 g+ kg
MWD = Y X/ o, (3) 8 &8
GMD = exp( 2 IIIX,;/Z ;) (4)
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w; ’
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) soc ( ) 2.3
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). 3
Excel 2003  SPSS 23.0
0~20 ¢ .
( one-way ANOVA) om
(o= 20~40.40~60.60~80.80~100 cm
0.05) ; Pearson “; 100 mG
= op
:
; " %
R
SigmaPlot 12.0 g .
o a
i 5| 1Py
g B ) e
2 -
f:
2.1 P
M §
( 2. @2
& 8
1 0~20 cm g _g
§ a a
28.4%  35.6% g SN N
0~100 cm 0~20  20~40  40~60  60~80  80~100
+ 2 Soil 1
28.4%  27.6%. = Sollfaver em)
0~100 ¢m 117.94 1
Mg - hm?  45.83 o kg_l Fig.1 Soil orgénic C sto.rage .and contfmt in natural restoration
> ., grassland and Pinus tabuliformis plantation.
84.43 Mg * hm 33.17 g* kg : G: Natural restoration grassland; P: Pinus
2.2 tabuliformis plantation.
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different land use types in the same soil layer at 0.05 level. The

same below.
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Fig.2 Soil N storage and content in natural restoration grassland and Pinus tabuliformis plantation.
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Table 3 Correlation coefficients of soil organic carbon and total nitrogen with soil physical and chemical property in natural

restoration grassland and Pinus tabuliformis plantation

EC pH  SWC  BD MWD GMD
Land use type Soil Particle size of aggregates ( mm)
property >5 2~5 1~2 05~1 0.25~0.5 <0.25
SOC  0.867** 0.624"  0.576" -0.732** -0.863** -0.763** 0.785* * -0.898* *-0.837** -0.019 ~ 0.453  -0.709**
Natural restoration TN 0.931*%* 0.760** 0.564" -0.729** -0.905** -0.872** 0.730* * -0.938* *-0.885* *  0.020 0.618" -0.833**
grassland C/N 0.938** 0.727** 0.603" -0.488 -0.849* * -0.162 0.730* * -0.938* *-0.885* *  0.020 0.618" -0.833**

C, 0.873** 0.632"  0.380

Pinus tabuliformis TN
plantation C/N

-0.740* * -0.872* *
N, 0.941%* 0.770%* 0.561" -0.745** -0.921* *
SOC  0.918** 0.540" -0.567" -0.867** -0.784* *
0.962**  0.653* *-0.523" -0.867** -0.835* *
0.963**  0.669* *-0.521" -0.851** -0.799* *
C, 0.917** 0.537° -0.569" -0.864** -0.782* *
N, 0.954**  0.647**-0.526" -0.855%* -0.824* *

-0.769** 0.796** -0.906* * -0.841**  0.009  0.532° -0.714**
-0.879* 0.746* -0.951**-0.884**  0.082  0.674* *-0.836**

-0.820%* 0.374  -0.304 -0.061 -0.212 -0.052 -0.578"
-0.894** 0.183 -0.422  -0.204 -0.224  0.072  -0.669* *
-0.910** 0.183 -0.422  -0.264 -0.224  0.072  -0.669**
-0.819%* 0329  -0.475 -0.058 -0.189 -0.207  -0.588"
-0.887** 0.211 -0.398  -0.245 -0.171  -0.139  -0.551"

EC: Soil electrical conductivity; SWC:
Mean mass diameter of soil aggregates; GMD:

2 mm
~pH-
MWD .
EC.pH.SWC
2.5
4
0~20 ecm
29.1%
5
2.6
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Fig.4 Root biomass in natural restoration grassland and Pinus

tabuliformis plantation in different soil layers.

Soil water content; BD:

Soil bulk density; MWD:

Geometric mean diameter of soil aggregates. The same below.

<0.25.0.5~1.2~5
mm GMD;
<0.25 mm

Table 4 Stepwise regression analysis of soil organic carbon
and total nitrogen contents with soil physical and chemical
properties in natural restoration grassland and Pinus tabuli—
Jformis plantation

R2
Land use type Soil Equation
property
soc SOC=~1.4TpH-0.215BD~ 0.94"
Natural restoration 0.62X,+430.914
grassland N TN=~1.354GMD~0.692X ,- 0.93"
1.084X,+5.281
C, C,=-1.464pH-0.188BD~- 0.94"
0.609X,+1074.969
N, N,=-1.2166MD-0.722X ,~ 0.94"
0.963X,+12.496
Soc S0C=-0.932X5-0.268X ;- 0.98"
Pinus tabuliformis 0.474X,+0.245SWC+
plantation 0.228GMD-88.124
TN TN=-0.607X5-0.702X 5+ 0.91"
0.248BD+0.304GMD~
1.976
C, C,=-1.509X5-0.674X ;- 0.97"
0.535X,+0.191BD+
0.3216MD-117.23
N, N,=0.84X-0.383X,+4.116 0.96"
X, 2~5 mm Proportion of aggregate with
particle size of 2=5 mm; X,: 1~2 mm Propor—
tion of aggregate with particle size of 1-2 mm; Xj: 0.5~1 mm
Proportion of aggregate with particle size of 0.5—1 mm;

Xy 0.25~0.5 mm
particle size of 0.25-0.5 mm; Xj:

Proportion of aggregate with
<0.25 mm
Proportion of aggregate with particle size of <0.25 mm.
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Fig.5 Relationships of soil carbon and nitrogen with root biomass.

* % P<0.01.
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