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Abstract: The karst region in Southwest China is one of the most ecologically fragile areas characterized with severe rocky
desertification, and increased and frequent flood events. Vegetation restoration has been recognized as an effective strategy for soil
carbon and nitrogen accumulation in degraded ecosystems. However, soil carbon and nitrogen dynamics following vegetation
restoration have not been evaluated with a long-term, fixed-point research approach in the karst areas. Thus, we compared the effects
of vegetation restoration types on soil carbon and nitrogen stocks before (in 2004) and after 10 (in 2014) and 13 years (in 2017) of
cropland abandonment. Four restoration strategies were implemented in the present study, namely, restoration with plantation forest,
grassland, a combination of plantation forest and grassland, and spontaneous regeneration to a natural grassland. Cropland under
maize-soybean rotation (CR) was used as the control. From 2004 to 2014, there were no extreme water-logging disasters, whereas
from 2014 to 2017, two extreme water-logging disasters occurred in the study region. The results revealed that soil organic carbon
(SOC) stocks in all the four restored vegetation types significantly increased after 10 years of cropland abandonment, whereas after
13 years, the plantation forest, grassland, and the combination of plantation forest and grassland, except the natural grassland, showed
a decreasing trend. The increase in the total nitrogen (TN) content of soil in response to vegetation restoration was less than that of
SOC; the TN content significantly increased only in the grassland after 10 years of cropland abandonment. The TN content in the
combination of plantation forest and grassland and natural grassland increased after 13 years of cropland abandonment, and that in
the natural grassland continuously increased after cropland abandonment. The correlation analysis showed that soil exchangeable
Ca®" was positively correlated with SOC and TN (P < 0.05). However, the content of soil exchangeable Ca?" significantly decreased
in 2017 than in 2014. The reduction in soil exchangeable Ca** can be attributed to the continuous flood event in the study area in
2015 and 2016. Vegetation restoration can significantly improve soil carbon and nitrogen sequestration in karst areas. Furthermore,
when compared with other vegetation restoration types, natural vegetation restoration was more beneficial to soil carbon and nitrogen
sequestration, which can resist the negative effects of extreme climate disasters effectively.

Keywords: Karst ecosystem; Vegetation restoration measure; Vegetation restoration years; Soil organic carbon; Soil total

nitrogen; Water-logging disaster
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Table 1 Vegetation types and characteristics of plots of different vegetation restoration patterns surveyed in the study
Artificial restoration
C ) ( )
Control + Natural restoration
(cropland) Plantation forest Grassland Combination of plantation (natural grassland)
forest and grassland
1 1
Dominant Zea mays Zenia insignis Pennisetum purpureum  Zenia insignis, Pennisetum Neyraudia reynaudiana,
species cv, Guimu-1 purpureum cv, Guimu- 1 Silver grass, Imperata
cylindrica
1~2 > s
Artificial Ploughed and fertilized > > No tillage and fertiliza-
measures in the planting year 3~4 3~4 tion activities
Plowing 1-2 times Ploughed in the planting Ploughed in the planting year;
per year; applied year; applied inorganic  applied inorganic fertilizers
inorganic fertilizers, fertilizers and farm and farm manure; and mowed
farm manure, and manure, and mowed 3—4 3—4 times every year
plant ash times every year
100 100 , 100 s 100 ,2004 100 s
Historical 2004 2004 2004
gistur— Continuous farming Continuous farming for  Continuous farming for more
ances

for more than 100
years

Continuous farming for
more than 100 years,
converting into eco-
nomic forest in 2004

more than 100 years,
converting into forage
grassland in 2004

than 100 years, converting to
mixed plantation and grassland
in 2004

Continuous farming for
more than 100 years,
abandoning in 2004
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3, ., 2004 SOCD=SOCCxBDx(1-8)xh/100 (1)
, 2014 ( 10 ) 2017 ( TND=TNCxBDx(1-0)*xh/100 2)
13 ) g : SOCD (kg'm™), SOCC
Lol 3
15 (0~15 cm), (gkg ™), BD (gem™), 9
(V) .
, C N Ca* 72(A>), h (cm); TND .
. 2017 4 (kgm™), TNC (gkg™),
(1 mx1 m) 100 SOC TN :
1.3 AC=Cy—Coy, (3)
' N L AC () (kg'm™),
(50C) =7, 2
(™) - Cur «C ) (kgrm™),
’ var ( ) (kgmiz)
(Ca”) [29]
105 30 min, 65 2 GR5SH
2.1 SOC TN
, (VARIO MAX, Elementar, ,2014  ( 10 )
Germany) C N [30] + SOC ,
(100 cm?) , 105°C 26.1% 19.2% 25.8%( 1) TN ,
(31 0, TN 14.2%( 1)
1.4 2014 ,2017 SOC TN
Office 2013 Excel 14.08% 14.81%( 1) 2014 ( 10
, Kolmogorov-Smirnov ) , 2017 ( 13 )SOC
SPSS 18.0 (SPSS Inc., Chicago, IL, USA) TN i
(one-way ANOVA) t R + SOC
, OriginPro 8.5 (OriginLab, s 7.24% 4.17% 8.87%,
Hampton, MA, USA) SOC , 2.41% s
P<0.05, P<0.01 TN ,
+ , 95% SOC 16.45% 10.20%; + TN
TN , 8.30% 11.62%( 1)
m 2004—2014 02014—2017
SOC TN
B | -
Cropland A—ospa— a A h a
) N A———O—+m+H %% 2 - A = a
Plantation forest
M | Ar—Q—a— xa F A———o—t+—m=+ xa
Grassland
N LA+
Combination of plantation |- Ar—o—— a4 %% A - A—®o—+a
forest and grassland
%ﬁlm - Ar+—p—8—+—— a - A—+om—+ a
Natural grassland
-2 -1 0 1 2 02 -0.1 0 0.1 0.2
7514 Change (kg'm™)
E1 TREHKRESRTEREFRTLEANKGSOC)FLE(TN)#E T LHHE
Fig. 1 Changes in soil organic carbon (SOC) and total nitrogen (TN) stocks under different vegetation restoration types
for different restoration years
*OEE P<0.05 P<0.01 ; 2004—
2014 2014—2017 (P<0.05) * and ** indicate significant differences between two periods at P < 0.05 and P < 0.01 levels, respec-

tively. Different lowercase letters indicate significant differences among different vegetation restoration types from 2004 to 2014 at P < 0.05; different
capital letters indicate significant differences among different vegetation restoration types from 2014 to 2017, respectively, at P < 0.05.
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2.2 C/N R 2014 2017
, 10 , + Ca’* SOC ; Ca®*
C/N R TN 2017 ( 3 R s
C/N 13 R 2014 , 2017
C/N : Ca®' , +
( 2 25.00% 29.69% 27.78%
) . . 30.10% 33.68%( 4)
20044 20144 20174 ’ ’
[ 1Vear2004 224 Year 2014 B Year 2017 Ca?t SOC TN
12+ Bb Ba
Ba |
7 dgm RS TREEEEEREAERISC) S AL
o Zkia X B (SOC)F1 2 J(TN)fik B A8 5 14 4> 4
B ::2§ X Table 3 Correlation analyses among exchangeable calcium
Z E:E: ,::: (Ca*) and soil organic carbon (SOC) and total nitrogen (TN)
) :E:E E:E: stocks in different vegetation restoration years
A R 08,
= 8 % Year soc TN Ca**
I ek b0%e% : :
= R % 2014 soc 1.000 0.498 0.453
R ode
3o 9% TN 1.000 0.070
5% 3% Ca** 1.000
: 5 " B
5% 2017 socC 1.000 0.814 0.578
o2 x
A 7923 ™ 1.000 0.659
X RS Ca* 1.000
%\q,&‘ {go% P<0.05 P<0.01 and ** indicate
%&% @\oo significant correlation at P < 0.05 and P < 0.01 levels, respectively.
<

L EIEN

Vegetation restoration type

2 FEEHBEFRTEREFRT LIERA
EE TR AL HFAE
Fig. 2 Soil ratio of carbon to nitrogen under different vegetation
restoration types for different restoration years
P<0.05

P<0.05
differences (P < 0.05) among different vegetation restoration types in
the same restoration year. Different lowercase letters indicate signifi-
cant differences (P < 0.05) among different restoration years of the
same vegetation restoration type.

Different capital letters indicate significant

2.3 C N

N SoC TN
« 2

x2 EHREIEFAEDHIES TRENKRGO0C)H
ER(TN)EENEXEDH
Table 2 Correlation analyses between litter properties and soil
organic carbon (SOC) and total nitrogen (TN) stocks during
vegetation restoration

C N
Litter fall Litter C Litter N
SOC SOC stock -0.191 0.203 -0.202
TN TN stock -0.153 0.389 -0.236

F4 TEEPRE 10 £2014 )50 13 F£2017 &)L H
ZMELE(CaEE
Table 4 Contents of soil exchangeable calcium under different
vegetation types in 2014 (restoration for 10 years) and 2017
(restoration for 13 yeas)

. . 2014 2017
Vegetation restoration type
Cropland 3.28+0.14 2.46+0.39
Plantation forest 3.30+0.16A 2.32+0.15B
Grassland 3.60+0.48 2.60+0.18
+
Combination of plantation forest 3.82+0.50 2.67+0.24
and grassland
Natural grassland 3.80+0.38A 2.52+0.16B
2014 2017 (P<0.05)

Different capital letters in the same line indicate significant differences
(P <0.05) between 2014 and 2017.
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