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Abstract Fluxes of nitrous oxide (N,O) from different land use patterns (matured forest, secondary forest, grass-
land and cropland) in a subtropical karst region of Guizhou Province, Southwest China, were measured for one year
with a closed static chamber technique and by gas chromatography. The results showed that soil under different land
uses was a source of atmospheric N,O. The cropland was a source with relatively high N,O as compared to forest
and grassland, but no significant differences were observed. N,O emissions from soils varied with land use change
and fertilizer application. There were two peaks of N,O flux occurred following the combination of two obvious
precipitation and fertilizer events in the cultivated land. Converting from the matured forest to secondary forest
tended to increase annual emissions of N,O (from 1.40 to 1.65 kg N ha™' a™), while changing land use from secon-
dary forest to scattered grassland tended to decrease annual emissions of N,O slightly (from 1.65 to 1.45 kg N ha™
a™"). Our range of cumulative annual N,O emission across different land uses (1.40—1.91 kg N ha™ a™) in a karst re-
gion is in general agreement with previously published data in a non-karst region. However, in the maize field, N,O
emission factor (EF) was 0.34% for fertilizer application, which is about 71.2% lower than the IPCC default value. It
is suggested that current IPCC (Intergovernmental Panel on Climate Change) EF methodology could overestimate
N,O emission from the karstic cropland. Anyway, the N,O emission from cropland in the karst region would con-
tribute significantly to the global N,O budget, so reducing fertilization frequency during the crop growing season

could lead to a decrease in N,O emission in the whole year.

Key words

1 Introduction

Climate change and global warming continue to
be subject to considerable scientific debate and public
concern. N,O is of great interest from an environ-
mental point of view because it plays an important
part in the atmosphere. The potential of global warm-
ing of N,O is 300 times higher than that of carbon
dioxide (CO;) on a 100-year time scale. Currently, its
radiative forcing is about 10% higher than that of CO,
and its atmospheric lifetime is estimated to be 120
years (Schindlbacher et al., 2004; Hofmann, 2006).
Moreover, in the stratosphere, N,O is transformed
through photolysis to NO, which is responsible for
stratospheric ozone destruction that is harmful to ter-
restrial organisms (Beauchamp, 1997). N,O concen-
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trations had increased from 270x10” in 1750 to
319x10” in 2005, and were estimated to account for
approximately 6% of the predicted global warming
(IPCC, 2007), but current estimates for total identified
sources are less than those for the known sinks
(Prather et al., 1995). Therefore, concern about the
environmental consequences of increased N,O in the
atmosphere as well as the disparity between observed
atmospheric increases and current source and sink
estimates has stimulated interest in more accurately
quantifying the intensity of N,O release (Mummey et
al., 2000).

Soil is the most important source of atmospheric
N,O, contributing about 70% to the total globally
emitted N,O (Bouwman, 1990). N,O from soil is
mainly produced as the byproduct of microbial nitri-
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fication and denitrification. It has been discerned that
anthropogenic disturbances (land use, tillage, fertiliza-
tion, irrigation, etc.) to soil are mainly responsible for
the increase of atmospheric N,O (IPCC, 2001). Re-
cently, a vast area of forests has been converted to
farmland, plantation or pasture and so on. Land-use
changes and land-use intensification are considered
the important processes which have contributed
greatly to the increasing concentrations of N,O, and
many scientists have shown great interest in the emis-
sions of N,O from various land uses and land cover
changes (LUCC) including the conversion of forest
land to farmland (Ishizuka et al., 2002; Lin Shan et al.,
2010), and of forests to pastures (Keller et al., 1993;
Melillo et al., 2001). However, there is a lack of
qualitative and quantitative information about the
emission of N,O under the effects of LUCC, espe-
cially in karst regions. Karst ecosystems respond very
quickly to changes in environmental conditions (Holl
et al., 2005), so a greater LUCC in the future may in-
duce greater changes in N,O fluxes than in other re-
gions. China is one of the countries featuring exten-
sive karstification. The karstification area covers
nearly 2.0x10° km®, and accounts for about 23% of
land area, covered by exposed and covered karst rocks,
which are mainly concentrated in the southwest of
China, including Guizhou, Yunnan, Guangxi, Sichuan,
Hunan, Hubei provinces and Chongqing City (Zhang
Baiping et al., 2006). Guizhou Province is located in
the heart of the East Asia Karst Belt, one of the three
largest almostly unbroken karst areas in the world (Bai
Zhanguo and Wang Guojiang, 1998). Carbonate rocks
in Guizhou occur as a 1.1x10°-6.2x10° m sequence in
depth, covering an area of 1.3x10° km” and account-
ing for about 73% of the total area (He Caihua et al.,
1998; Zhu Shufa and Liu Conggiang, 2008). On the
other hand, there is a large human population in the
karst regions of Guizhou, with a population density as
high as 185 persons per km”. In contrast, karst regions
in other areas of the world are slightly populated
(Zhang Baiping et al., 2006). Therefore, a vast area of
forest land has been converted to farmland in the
mountainous areas of Guizhou because of the intensi-
fication of agricultural activities due to rapidly grow-
ing population in those karst regions. However, to our
knowledge, effects of land use on changes in N,O
emissions from soils in the subtropical karst regions of
Southwest China are poorly understood. Due to sea-
sonal and spatial variations, N,O emissions are diffi-
cult to quantify (Smith et al., 1994) and the estimation
of annual N,O emissions from a small number of ob-
servations may lead to considerable errors. Therefore,
it is necessary to carefully study N,O emissions from
China’s karst regions, so as to accurately estimate an-
thropogenic N,O emissions.

In order to understand the characteristics of N,O

Chin.J.Geochem.(2013)32:137-145

variaiton under different land use systems in the karst
areas of Southwest China, we carried out this meas-
urement. In this paper we addressed the following
questions: (1) how to determine the effects of land use
changes on N,O emissions; (2) how to comparatively
analyze N,O emissions between karst and non-karst
regions; and (3) how to assess annually soil-
transformed N,O from fertilizer application in the
cropland.

2 Materials and methods
2.1 Site description

The study area (26°32'N; 106°46'E) is located in
the Longdongbao district of Guiyang, the capital city
of Guizhou Province, a typical karst region in
Southwest China (Fig. 1), which is about 1200 m
above the sea level and situated in a subtropical mon-
soon climate zone. The mean annual temperature is
14.8°C with the lowest mean temperature in January at
3.9°C and the highest mean temperature in July at
23.2°C. The mean annual precipitation is recorded to
be 1118 mm with the lowest mean precipitation in
December at 21.4 mm and the highest mean precipita-
tion in July at 203.1 mm, and most rainfall (more than
86%) is concentrated in the wet season (from April to
October).

The landscape is characterized by cultivated land,
forests, patchy grassland and fast expanding cities and
towns. Four land use patterns were chosen for this
study. They are matured forest, secondary forest,
grassland and cropland, which are the typical land use
patterns in the karst region. The forest land is com-
posed of Pinus massoniana trees (Pinus L.), about 50
years old. The stand density of the pine forest is 2000
trees ha”, and the average DBH (diameter at breast
height) and height are 15 cm and 13 m, respectively.
The forest floor is covered by shrubby vegetations
including Camellia oleifera and Itea yunnanensis, and
some low-rise herbs (Artemisia SP.) under the shrub
layer. The privet trees (Ligustrum L.) are an important
constructive and dominant species of the secondary
forest, which was planted about 8 years ago. The
sedge grassland (Cyperus L.) is newly developed in
the year of experiment after a wild fire the year before,
and the cultivated land is an upland maize (Zea L.)
field.

2.2 Experimental

Fluxes of N,O were measured by the closed
static chamber technique during June, 2008 to May,
2009. The chamber was made of transparent polyvinyl
chloride (PVC) (30 cmx30 cmx50 cm), and was
used with a stainless steel base (30 cmx30 cm*10 cm)
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with a U-shaped groove at the top edge. The base was
installed permanently in the soil once the experiment
was begun. After the chamber was placed onto the
base, the groove was filled with water so as to make
the chamber airtight. The chamber was equipped with
a vent (diameter: 3 cm) for gas mixing. A series of
samples were taken with a 30 mL plastic syringe fitted
with a three-way stopcock at 0, 5, 10, 15 and 20 min-
utes following the closure of the chamber and trans-
ferred subsequently to the glass bottles previously
vacuumized to 0.04 millibar. Three polyvinyl cham-
bers were randomly installed on the surface of soil
under each of different land uses.

Longdongbao

Xiaohe
* Sample site

0 10 20 km

Fig. 1. The study area and its adjacent districts in the city of Guiyang,

Guizhou Province.
2.3 Soil properties

Soil samples were taken approximately every 15
days and soils (0-10 cm) were collected from each
sampling site at the time of gas flux measurement. The
soil samples used for C and N analysis were dried at
70°C for 48 hours and then milled in a Tecator 1093
Cyclotec Sample Mill, using a 0—5 mm screen, and
then determined by means of an elemental analyzer
(Model: PE 240011, Perkin Elmer, USA). Soil
NH,4"-N and NO;-N concentrations were determined
by extracting mineral N in the soils with 2 M KCl so-
lution (1:5 soil to KCI solution), the suspension was
shaken for 1 hour and filtered with Watmann #42 fil-
ter paper. NH; -N and NO5-N concentrations in the
extracts were analyzed on a UV-VIS spectrophotome-
ter. Soil pH was measured in 1:2.5 soil/water solution
using a pH meter with a glass electrode. The gravim-
etric water content was measured by drying a sample
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at 105°C for 24 hours to constant weight, which was
converted to WFPS: WFPS=gravimetric water content
x bulk density/(1-bulk density/2.65).

2.4 Gas flux rate determination

N,O concentrations were analyzed by a HP 6890
gas chromatograph (GC) in the laboratory within 24
hours following sampling. The GC was equipped with
a Poropak-Q column (mesh: 80/100) and ECD detec-
tor. The temperatures of the column, injector and de-
tector were 60, 100 and 250°C, respectively. The car-
rier gas was N, with the purity of 99.999%, and the
flow rate was set as 20 mL min™. In order to ensure
there was no instrument drift, multiple gas standards
were run every 10—12 samples and a full set of stan-
dards were run again at the end of the day. Repeat-
ability of gas standards was typically represented by a
coefficient of variation of less than 5%. The calcula-
tion of N,O flux followed the description of Yan Yup-
ing et al. (2008). Negative flux values represent N,O
uptakes from the atmosphere, and positive flux values
indicate N,O emissions to the atmosphere.

2.5 Statistical methods

Differences in N,O fluxes among different land
use patterns were compared using a two-way ANOVA
followed by the least significant difference (LSD) test,
relationships between N,O fluxes and soil properties
(N availability and C/N, etc.) were analyzed using
linear regression models fitting. R* of the model pa-
rameters was used to determine the goodness of fit.
All statistical considerations were based on p<0.05
significant level. Statistical analyses were conducted
using SPSS 13.0 software package (SPSS Inc., Chi-
cago, USA).

3 Results

3.1 General soil characteristics

The physical and chemical characteristics of the
surface soils under different land use patterns are
summarized in Table 1. Organic C and total N were
high in the grassland (sedge), low in the cropland
(maize), and intermediate in the matured forest (pine)
and secondary forest (privet). Despite these differ-
ences, the C/N ratios were similar under different land
use systems (from 13.24+0.9 to 14.3+1.3). Soil pH was
7.2 in the cropland and lower than 7.0 in the forests
and grassland. NH,-N was high in the grassland, low
in the cropland, and intermediate in the matured and
secondary forests. The content of NO5-N in the soil
was opposite to that of NH4 -N, with the highest con-
tent occurring in the cropland. The ratio of NO;™-N to
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the sum of (NO53™-N and NH4+—N) was the indicator of
soil N availability, which was about 4-8 times higher
in the cropland than in the other three land use pat-
terns.

3.2 N;O emissions from different land use systems

All the soils are characterized by emissions of
N;O in every month and seasonal N,O emission pat-
terns under different land uses were similar during one
year measurement (Fig. 2). Temporal variations in
N,O fluxes for three uncultivated lands are presented
in Fig. 2b and they show exactly similar tendencies,
with the maximum difference of less than 20%. How-
ever, they are nearly 30% lower than the fluxes of
N;O in the cropland. The N,O emissions of the pine
matured forest, privet secondary forest and sedge
scattered grassland vary within the ranges of 3.0—41.8,
2.0-45.7 and 11.9-22.3 pg N m™ h™ with the average
values of 16.0+13.0, 18.8+14.0 and 16.5+3.2 pg N m™
h!' (n=24), respectively (Table 2, Fig. 2b). Temporal
variations in N,O emissions are naturally large in soils
under different land use systems because of significant
differences in soil moisture and temperature around
the year. During the sampling period, two peaks of
N,O flux occurred following the two obvious precipi-
tation events which happened in July, 2008 and April
in 2009, respectively. However, the peaks N,O flux
(monthly average) from the privet secondary forest
and pine matured forest were 45.7 and 41.8 pg N m™
h', respectively, which were extremely greater than
that of sedge grassland (22.3 pg N m™~ h™). Moreover,
interesting N,O fluxes of three uncultivated lands
were relatively high during early spring, but tempera-
tures were only 8-10°C above zero (Fig. 2a). That is
because the microbial processes (both nitrification and
denitrification) may have been stimulated by higher
availabilities of organic carbon and nitrogen due to
thawing of the frozen soil. A similar phenomenon was
also observed by Christensen and Tiedje (1990).

Fig. 2c shows a large range of seasonal variations
in N,O fluxes in the maize field. Seasonal N,O
emissions followed the order of spring (March—May)
(28.0 ug N m™ h™), summer (June—August) (26.8 pg
N m? h™), autumn (September—November) (17.5 ug
N m™ h™") and winter (December—next February) (14.8
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pg N m? h™), respectively. N,O emission rates varied
from 9.0 to 36.0 ug N m™ h™ with the annual average
of 21.84+8.5 pg N m™ h™ in the cropland (n=24), which
was almost 1.5 times higher in the cropland than what
was detected in the matured forest (Table 2). During
planting maize, 11445 kg ha™ of cattle manure, 385 kg
ha of compound fertilizer and 290 kg ha™ of chemi-
cal nitrogen fertilizer were applied to the field, and
soil moisture in the meantime was kept high to facili-
tate plant growth. Hence, N,O emissions were stimu-
lated by fertilizer application (Fig. 2¢). However, dur-
ing the fertilizer application period, only two apparent
peaks of N,O flux occurred following the two obvious
precipitation events (205 and 275 mm, respectively),
which happened in April and July (Fig. 2a). Our re-
sults have confirmed that the magnitude of N,O fluxes
may strongly be influenced by the amount and distri-
bution of rainfall during crop growing period after
fertilizer application, similar phenomena were ob-
served in other croplands (Smith et al., 1998; Ruser et
al., 2001).

3.3 Correlations of N,O fluxes and soil C/N ratios,
N availability

Surface soils in forests have larger C/N ratios
than those in the grassland and cropland (Table 1),
and a close negative correlation between soil C/N ra-
tios and N,O emissions was observed (+°=0.786, n=4),
indicating that soils with large C/N ratios have lower
N,O fluxes. Moreover, changes in land use patterns
from the matured forest to cropland tended to a slight
increase in N,O emission (from 16.0 to 21.8 ug N m™
h™), which was consistent with changes in soil N
availability (10.9%, 90.0% in the pine forest and
maize field, respectively) (Tables 1-2). Meanwhile,
correlation analysis was conducted between N,O
emissions and N availability under different land use
systems and the correlation coefficient (R*) was found
to be as high as up to 0.776 (n=4), indicating that the
N,O emission had a positive correlation with the soil
N availability, and a similar correlation pattern be-
tween them was also observed in a pasture chronose-
quence in central Amazonia, Brazil (Wick et al.,
2005).

Table 1 Soil characteristics of different land use patterns at the 10-cm depth

Land use Organic C Total N C/N NH,-N NO;™-N N availability WEFPS Sample

pattern (%) (%) (Molar) (mgkg') (mgkg)) %) @ PHIRO e
l\gtrfsi’d 3.6£0.6  0.29+0.03 14313 2294160  2.8+1.0 109 76.047.2 6.0+0.4 24
Secondary forest ~ 4.740.7 0414005 132409 23.1£150  4.143.0 15.1 61.1£167  6.550.6 24
Grassland 51406 0424006 142+0.6 262419.6  7.648.5 2.5 60.1£15.1  6.7+0.2 24
Cropland 32403 028£0.04 132412  2.1+13  19.0+113 90.0 4894146 7.2+04 24

Mean = standard deviation. Nitrogen fertilizer applications in the cropland: 75.5 kg N ha™ on April 15, 57.5 kg N ha™ on May 20, 133 kg N ha™ on

July 10.
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Fig. 2. Seasonal variations in N,O fluxes from different land use sys-
tems in comparison with mean monthly temperature and precipitation
during the study period. Error bars represent standard deviations.
Arrows indicate time of fertilizer application in the cropland (maize
field).

4 Discussion
4.1 Effect of seasonal changes on N,O fluxes

As for all the four land use systems, seasonal
N,O emission patterns are similar during one year
measurement. The N,O fluxes are high in spring and
summer seasons, and low in autumn and winter sea-
sons. When emissions are high, variations in emission
rates are also greatest (Fig. 2b, c). Seasonal changes in
soil N,O flux display a seasonal weather pattern, with
high N,O emission rates in the rainy-hot seasons and
low rates in the dry-cool seasons (Fig. 2), which is in
agreement with the findings in other studies (Lin
Shan et al., 2010; Liu Juan et al., 2011). Temperature
and precipitation can regulate the N,O emission of
soils through its influence on microbial activity. The
relatively high temperature and rainfall in summer
seasons are beneficial for microbial activity, as the
mineralization of organic N is likely to have contrib-
uted significantly to the potential for N,O loss by ni-
trification and denitrification, which can explain why
N,O fluxes for all these four land use systems varied
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seasonally with high emissions during this period (Liu
Juan et al., 2011). Although the rainfall is relatively
low in spring seasons, there are also high N,O emis-
sions under four different land use patterns. This
might be that microbial processes (nitrification and
denitrification) may have been stimulated by higher
availability of organic carbon and inorganic nitrogen
due to thawing of the frozen soil through a long winter.
Once in September, temperature and precipitation be-
gan to decrease. The activity of soil microbes was also
lower and might even be in the dormancy state in
winter, with low N,O emissions under different land
use patterns in autumn and winter seasons.

4.2 Comparison with the results of other studies in
non-karst regions

Our range of cumulative annual N,O emissions
from different land use patterns (1.40-1.91 kg N ha™
a’!, Table 2) in karst regions is in general agreement
with previously published data for the same systems
in non-karst regions (summarized in Table 3). Annual
mean soil N,O-N emissions are 1.40 and 1.65 kg N
ha™ a' for the matured and secondary forests, respec-
tively. Some far higher values were found, such as 2.6
kg N ha' a' for a tropical seasonal rain forest in
Southwest China (Yan Yuping et al., 2008), 3.4 kg N
ha™ a! for a gradient of elevation forest in the coastal
Brazilian Atlantic (Neto et al., 2011), but higher than
0.8 kg N ha™ a” for a 23-year old secondary forest
(Palm et al., 2002) and 0.9 kg N ha™ a™' for a spruce
forest in Wildmooswald, Germany (Jungkunst et al.,
2004) (Table 3). However, the values are within the
range of annual estimates for some other forests
worldwide (between 1 and 2 kg N ha™ a™') (Brumme
et al., 1999; Lamers et al., 2007). Therefore, the N,O
emissions from forest soils worldwide are greatly dif-
ferent under the conditions of different climates, vari-
ous types of soils and vegetations, etc.

Annual mean soil N,O-N emission is 1.45 kg N
ha™ a™ from the scattered grassland in the karst region,
Southwest China. The result presented here falls
within the range of soil N,O-N emission rates reported
in a number of similar studies worldwide (Mosier et
al., 1997; Tilsner et al., 2003). It is lower than 2.8 kg
N ha' a' from an experimental grassland farm
“Karkendamm” of the Kiel University, northern Ger-
many (Lampe et al., 2006) and 3.0 kg N ha™ a from
grazed pasture soils in the humid tropics of Costa Rica
(Veldkamp et al., 1998), but higher than 0.2 kg N ha™
a' from different fertilized grasslands in southern
Germany (Glatzel and Stahr, 2001) and 0.3-0.6 kg N
ha” a” from grassland ecosystems in Inner Mongolia,
China (Chen Guanxiong et al., 2000) (Table 3). The
result showed that N,O emissions from the warm-wet
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grasslands are higher than those from the cold-dry
grasslands. For example, in northern China, the mass
of grasslands are located in semi-arid and arid regions,
which are assorted to ecologically fragile zones. The
poor soils and low precipitation can limit N,O emis-
sions due to the depressed processes of nitrification
and denitrification (Zhang Feng et al., 2010).

Cropland is a major source of atmospheric N,O.
Our study showed that soil from the maize field in the
karst region released N,O with an annual mean N,O
flux of 1.91 kg N ha™ a™, which is higher than 0.8-1.0
kg N ha a™' in three arable soils in the UK (Webb et
al., 2000), and 1 kg N ha' a! in the cultivation of en-
ergy crops on sandy soils (Hellebrand et al., 2003),
but lower than 4.4 kg N ha™' a” in the fertilized and
manured maize fields (Cates and Keeney, 1987) and
2.6 kg N ha a™' in humid tropical agricultural soils
(Weitz et al., 2001) (Table 3). However, our result is
comparable with some N,O emissions, such as 1.8 kg
Nha" a™' in a fine-loamy soil and 2.1 kgN ha” a’ ina
maize field, north of Munich in southern Germany
(Ruser et al., 2001; Sehy et al., 2003). These results
showed the great variations in soil N,O emission and
complexity of the controlling factors (especially in
fertilizer) in the cropland, which must be thoroughly
studied.

4.3 Fertilizer-derived N,O emission from the crop-
land

Fertilizer is not only necessary for crop growth,
but also provides a substrate for N,O formation under
both aerobic and anaerobic conditions (Bremner and
Blackmer, 1978). It is believed that large N,O emis-
sions observed above are in part due to the influence
of the added organic and chemical nitrogen fertilizers.
Using the definition by IPCC (2006), we calculated
the N,O emission factor (EF) by EF=(E-E()/Nx100%.
Here, E and E; indicate N,O-N emissions from the
fields with and without nitrogen fertilizer application,
respectively. Due to a lack of measurement in the
non-fertilized maize field, we used the N,O basic
emission value of 1 kg N,O-N ha' a' in the
non-fertilized cropland (Bouwman, 1996) to calculate
the EF in the whole year. In the maize field, fertilizers
were applied at an average rate of 266 kg N ha™' a™.
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When using the mean annual N,O emission from the
cropland in a karst region (1.91 kg N ha' a™), the
calculated chemical nitrogen fertilizer-derived N,O
emission in the whole year was 0.34% or 3.40 g
N,O-N (kg N a)™.

Our result is comparable to the results of Chu
Haiyan et al. (2007) who observed a loss of 0.35%—
0.52% of nitrogen fertilizer from a winter barley cul-
tivated under Japanese Andisol and the fertil-
izer-transformed N,O-N from the rape field accounted
for 0.31%—0.55% of the applied nitrogen in central
China (Lin Shan et al., 2011). It is lower than the cal-
culated (by McSwiney and Robertson, 2005) fertilizer
induced emission factors of 2%—7% at fertilizer rates
of 134-291 kg N ha'a™' and 1.09%—-1.63% of the
chemical fertilizer-transformed N,O-N from a vegeta-
ble field (Cao Bing et al., 2006), but higher than the
values of 0.16%—-0.18% observed in the North China
Plain (Ding Weixin et al., 2007) and 0.13% for fertil-
izer treatment in a sandy soil for maize (van Groeni-
gen et al., 2004). The above results showed a very
wide range of N,O EF, revealing inconsistency
amongst the available studies. Fertilizer application
history, variations in nitrogen input sources, soil types
as well as dynamic soil-plant interactions in the sys-
tems receiving a superoptimal level of nitrogen addi-
tion could partly account for this sufficient EF vari-
ability, and extremely high EF values would occur
when soil mineral nitrogen availability exceeds the
capacities of plant and soil nitrogen uptake
(McSwiney and Robertson, 2005).

Following IPCC guidelines, default EF for both
soils and all nitrogen application rates and types
would be estimated at 1.25%. However, our result
shows that the EF value is not higher than 0.5% for
chemical and traditional manure applications, the de-
fault EF defined by IPCC could overestimate N,O
emissions from the nitrogen fertilizers applied to soils,
at least for conditions such as those in the karst re-
gions, Southwest China. Brown et al. (2001) and Ding
Weixin et al. (2007) also confirmed that the IPCC
methodology overestimated N,O emissions in the U.K.
and North China, respectively. The collective evi-
dence supports the critical need for perfecting the ex-
isting N,O estimation methodology for superior accu-
racy of both field-specific and global budget N,O
calculations (Kim and Hernandez-Ramires, 2010).

Table 2 N,O fluxes in different land use patterns

Land use Range of fluxes Mean+SD (0% Total N,O emission .
pattern (pgNm?hh) (pgNm?hh) (%) (kg Nha'a') Sample size (N)
Matured forest 3.0—41.8 16.0+13.0 81.8 1.40 24
Secondary forest 2.0—45.7 18.8+14.0 74.6 1.65 24
Grassland 11.9—223 16.5+£3.2 19.4 1.45 24
Cropland 9.0—36.0 21.8+8.5 39.2 1.91 24

Note: SD indicates the standard deviation; CV indicates the coefficient of variation.
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Table 3 Comparison with annual N,O-N emissions in non-karst regions

Land use Duration SOC TN

N fertilizer N,O

pattern (year) (gkgh (gkgh (kg N,O-N ha' a™") (kgNha'a™) Reference

1 3647 2.9-4.1 0-0 1.40-1.65 1

2 128-295 6-12.5 0-0 1.37-1.69 2

1 34 n.d. 0-0 1.3 3

Forest 2 11 n.d. 0-0 0.8 4
25 299-319 15-16 0-0 0.9 5

1 21.7 1.4 0-0 2.6 6

1 31.8-45.9 2.4-34 0-0 3.4 7

1 51 42 0-0 1.45 1

2 8.9-9.5 0.9-1.1 0-0 1.4 8

1 17.8 n.d. 0-0 1.6 9
Grassland 1.6 34.5 3.5 0-0 0.2 10
1 19.7-33.6 1.3-2.1 0-0 0.3-0.6 11

1 41 2.3 0-0 2.8 12

2 n.d. n.d. 0-0 3 13

1 32.0 2.8 266 1.91 1
2 9.4 1.1 110 1.8 14

1 12.1 1.0 319 2.1 15

Cropland 3 32.5 0.7 40-250 0.8-1 16
1 9.0 n.d. 0-150 1 17

2 50.4 53 122 2.63 18

1 1.2 n.d. 181-237 44 19

Note: 1. This study; 2. Lamers et al., 2007; 3. Brumme et al., 1999; 4. Palm et al., 2002; 5. Jungkunst et al., 2004; 6. Yan Yuping et al., 2008; 7.
Neto et al., 2011; 8. Mosier et al., 1997; 9. Ruser et al., 2001; 10. Glatzel and Stahr, 2001; 11. Chen Guanxiong et al., 2000; 12. Lampe et al.,
2006; 13. Veldkamp et al., 1998; 14. Tilsner et al., 2003; 15. Sehy et al., 2003; 16. Webb et al., 2000; 17. Hellebrand et al., 2003; 18. Weitz et

al., 2001; 19. Cates and Keeney, 1987.
5 Conclusions

Land use change and fertilizer application have a
great effect on N,O fluxes in the subtropical karst re-
gion, Southwest China. N,O fluxes follow the order:
cropland (1.91 kg N ha™' a™), secondar%/ forest (1.65
kg N ha” a™), grassland (1.45 kg N ha” a™) and ma-
tured forest (1.40 kg N ha” a™). Changing land use
pattern from forest and grassland to cropland will in-
crease N,O production, but changing land use pattern
from the secondary forest to matured forest will de-
crease N,O emission. It is suggested that the culti-
vated land is a relatively higher N,O source than for-
est and grassland in the karst region.

Large N,O emissions observed in the maize field
are in part due to the influence of the added fertilizers,
and the N,O EF value is 0.34% of fertilizer applied,
which is about 71.2% lower than the IPCC default
value. It is suggested that the current IPCC EF meth-
odology could overestimate N,O emissions from the
karstic cropland.
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