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Abstract

Agricultural ecosystems are major sources of greenhouse gas (GHG) emissions,
specifically nitrous oxide (N,O) and carbon dioxide (CO,). An important method of re-
searching GHG emissions in agricultural ecosystems is model simulation. Field mea-
surements quantifying N,O and CO, fluxes were taken in a summer maize ecosys-
tem in Zhangye City, Gansu Province, in northwestern China in 2010. Observed
N,O and CO, fluxes were used for validating flux predictions by a DeNitrification-
DeComposition (DNDC) model. Then the validated DNDC model was used for sen-
sitivity tests on three variables under consideration: climatic factors, soil properties,
and agricultural management. Results indicate that: (1) the factors that N,O emis-
sions are most sensitive to nitrogen fertilizer application rate, manure amendment and
residue return rate; (2) CO, emission increases with increasing manure amendment,
residue return rate and initial soil organic carbon (SOC); and (3) net global warming po-
tential (GWP) increases with increasing N fertilizer application rate and decreases as
manure amendment, residue return rate and precipitation increase. Simulation of the
long-term impact on SOC, N,O and net GWP emissions over 100 yr of management
led to the conclusion that increasing residue return rate is a more efficient method of
mitigating GHG emission than increasing fertilizer N application rate in the study area.

1 Introduction

Increasing global air and sea water temperature, large-scale melting of snow and
glaciers, and the rise of global sea level are all evidence of global warming (Vermeer
et al., 2009; Vinnikov et al., 2003; IPCC, 2007a). Since the Industrial Revolution, there
has been a close relationship between most observed increments of global average
temperature and the emission of CO, and N,O (IPCC, 2001, 2007a). CO, and N,O
in the atmosphere mainly come from upland agroecosystems (Watson et al., 1996).
It is estimated that global agricultural emission of CO, and N,O can account for 20%
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and 90% of total emission by human activity, respectively (Bouwman, 1990a). The
contributions of CO, and N,O to global warming during the past 200yr are 60% and
5%, respectively (Ramanathan et al., 1985; Rodhe, 1990). Decreasing greenhouse
gas emissions in agriculture is of great importance in the managing of global climate
change.

China is an agricultural country with centuries of history of agricultural development.
There are approximately 140 M ha of cultivated field, accounting for about 1/7 of the
total land area, thus, social and economic stability relies considerably on the devel-
opment of agriculture (China statistical yearbook, 2006). Since the middle of the 20th
century, Chinese agriculture has experienced several stages of development, from slow
growth to rapid change, and agricultural management has also undergone consider-
able change. However, these achievements have come with great cost in resources
and quality of ecosystems and the environment (Huang, 2008a). According to the cen-
sus of the Ministry of Land and Resources of the People’s Republic of China, the area of
cultivated fields decreased by 0.6 M ha from 1996 to 2004, indicating that accelerating
of industrialization and urbanization have already caused a shortage of agricultural land
resources (Huang, 2008b). To improve agricultural productivity, energy-intensive meth-
ods of agriculture have been adopted and are starting to have some positive effects.
The consumption of synthetic nitrogen fertilizer increased from 9.35 TgN to 21.62 TgN
from 1980 to 2000, increasing Greenhouse Gas (GHG) emission in addition to improv-
ing productivity (FAOSTAT, 2003). Globally, the amount of atmospheric CO, increased
from 280 ppm to 367 ppm from 1750 to 1999, and it is still increasing at an annual rate
of 1.5ppm, about 0.5% per year (Lal, 2004; Mosier et al., 1998). The N,O emission
increased by nearly 17% from 1990 to 2005 (IPCC, 2007b), and from the application
of chemical and organic fertilizer, it is estimated that this increment would have further
increased to 35—-60% in 2003 (FAOSTAT, 2003). Soil N,O comes from nitrification and
denitrification in the soil, so the N,O flux from agricultural soil can be affected by cli-
mate change and agricultural activity by their effects on the rates of nitrification and
denitrification. Studies have proven that the optimal temperature for nitrification and
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denitrification is 25-35°C (Bouwman, 1990b). It is generally agreed that the N,O flux
in fields with N fertilizer applied should be larger than it would be without fertilizer in
the same period (Li, 1993; Wang, 1994; Hou et al., 1998; Chen et al., 1995; Bouw-
man, 1996; Granli et al., 1994). There is a strong relationship between denitrification
and the amount of available carbon in soil, so adding organic carbon in the form of
straw or barnyard manure can greatly increase denitrification intensity (Chen, 1989).
However, there is less study on the influence of application of organic fertilizer on CO,
emission from agricultural soil (Thuries et al., 2002). The study of Dong et al. (2005)
in a summer maize field indicated that applying organic fertilizer significantly increases
soil CO, emission. Xing (2006) measured CO, emission from soil receiving N fertilizer
only and found that there is a positive correlation between emission and available total
nitrogen, that is, emission increases with increasing nitrogen content. The study of Liu
et al. (2008) of soil CO, emission in a winter wheat field in a cinnamon soil area, the
Huabei region, indicated that the application of N fertilizer can stimulate soil CO, emis-
sion, but when the amount applied exceeds a certain limit, the emission decreases.
The above studies were about the effects of nitrogen fertilizer and organic fertilizer on
the emission of N,O or CO,; however, few studies have considered the four factors
together.

An oasis is a site in an arid desert where water suitable for the growth of vegetation
and for human habitation is available. Oases are distributed like “islands”. Water is
the limiting factor at oases, and the vegetation is mainly natural mesoxerophytes and
artificial vegetation (Han, 1995). About 40% of Chinese land area is arid or semi-arid,
and oases are important landscapes there. They only account for 3—-5% of the total arid
area, but they support over 90% of the population and account for over 95% of industrial
and agricultural production (Wang, 2010). However, extensive and disorderly develop-
ment has brought instability and degradation of oases. Heihe oasis, which was chosen
for the present study (Fig. 1), is a representative inland oasis in the northeastern arid
area. It is an irrigated agricultural area in the middle reach of the Heihe River (Fig. 1).
This paper reports how we utilized field data to test a process-based biogeochemistry
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model of DeNitrification-DeComposition (DNDC), N,O and CO, emissions for differ-
ent scenarios are evaluated. The basis of the study is a quantitative evaluation of
agricultural greenhouse gas emission. The objectives of the study are to evaluate the
influence of various climate scenarios and cultivation methods over this area, to opti-
mize management measures, and to obtain some theoretical support for sustainable
development of oasis agriculture in arid and semi-arid area.

2 Materials and methods

A one-year experiment was conducted at a field with summer maize in Zhangye City,
Gansu Province, in the Northwest China Plains. During the experiment period, soil
CO, and N,O fluxes were measured, and information about local climate, soil and
farm management was collected.

2.1 Field site and measurement

Field measurements during April to October 2010, were conducted at an agricultural
experimental station of the Zhangye City Agricultural Science Research Institute, lo-
cated in an irrigated area in a desert oasis (38.91° N, 100.36° E) (Fig. 1). The elevation
of the site is 1560 m. The climate is continental, with an approximate annual average
temperature of 7.0°C, an annual average rainfall of 127 mm, an annual evaporation of
2345 mm, and 153 frost-free days per year. From April to October, the active accu-
mulated temperature above 5°C is 3223 °C. The soil collected from the experimental
field was irrigated desert soil, with a bulk density of 1.38gcm‘3, a pH of 8.6 and an
initial soil organic carbon (SOC) content of 0.0138kgC kg'1 for the top 20 cm of the
soil profile. The texture of the soil was sandy loam.

Summer maize was the main crop in the area. It was sown on 28 April 2010, and
harvested on 3 October 2010, with a sowing rate of 5¢ m~2. The experiment included
four treatments (Table 1). All of the treatments had the same K fertilizer, P fertilizer,
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tillage and irrigation. All of the animal manure was applied as a basic fertilizer to the
soil on 28 April 2010. Urea application was conducted three times: 28 April (planting),
18 June (jointing stage) and 26 July (silking stage), with a mass ratio of 2:2:1. During
the growing season, the soil was irrigated 4 times: 18 June, 26 July, 6 August, and
26 August. After the harvest, 15% of the above-ground maize residue was left in the
field and incorporated into the soil with the subsequent tillage.

Soil N,O fluxes were measured by the closed-chamber method. Permanent board-
walks were set before the cropping season to minimize soil disturbance caused by gas
sampling. Steel base frames for gas collection chambers were installed in each plot
24 h before the test. The N,O concentration of gas samples was measured by GC-ECD
as detailed by Li et al. (1997).

Soil CO, flux in the field was determined with open-type soil carbon flux monitoring
instrumentation of LI-8100 (LI-COR, Lincoln, NE, USA). To avoid short-term fluctuation
in the respiratory rate of soil caused by human disturbance, we removed all live vege-
tations in the bases in each treatment plot 24 h before measurement (Zhang, 2008).

2.2 The DNDC model

The estimation of the impact of climate change and human activity on ecosystems is
the focus of present biogeochemistry research, so there is an urgent need for math-
ematical descriptions of the combined influence of various factors (e.g. climate, soil,
vegetation and human activity). The DNDC model was developed to meet this need
(Li, 2001).

2.2.1 Model introduction

The DeNitrification-DeComposition (DNDC) model is a biogeochemical model. Deni-
trification and decomposition are the main chemical reactions that bring nitrogen and
carbon in soil into the atmosphere. These two reactions change the soil fertility while re-
leasing CO,, N,O and CH, to the atmosphere, and they are important biogeochemical

3126

BGD
8, 3121-3153, 2011

Modeling impacts of
farming management
practices

Y. Wang et al.

Title Page
Abstract Introduction
Conclusions References

Tables Figures

1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/8/3121/2011/bgd-8-3121-2011-print.pdf
http://www.biogeosciences-discuss.net/8/3121/2011/bgd-8-3121-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

processes. The DNDC model was first applied to numerical simulation of biogeochem-
ical cycles of soil carbon and nitrogen in agroecosystems (Li et al., 1992). The model
consists of six sub-models: soil climate, crop growth, decomposition, nitrification, deni-
trification and fermentation. The functional equations of the six sub-models are derived
from basic physical, chemical and biological theories or from data obtained in labora-
tory simulations. The detailed model structure can be seen in Li et al. (1992). The
DNDC model has been widely used in research on soil carbon sequestration change
and greenhouse gas emission brought about by different farmland management prac-
tices in worldwide agroecosystems (Li, 2004a).

In the past 20 yr, the DNDC model has proven to be effective in many places around
the world, such as North America, Europe, Asia and Oceania (Li et al., 1996; Plant,
1999; Stange et al., 2000; Li, 2000; Zhang et al., 2002; Xu et al., 2003; Cai et al., 2003;
Frolking et al., 2004; Grant et al., 2004; Smith et al., 2004; Butterbach-Bahl et al., 2004;
Pathak et al., 2005; Jagadeesh Babu et al., 2005; Beheydt et al., 2007; Smith et al.,
2010). Application of this model in China began in the late 1990s, mainly in agricultural
ecosystems. The study of Xu et al. (2000, 2001) in Guizhou province indicated that
N,O flux and the seasonal change patterns of determining factors, such as corn-rape
rotation, soybean-winter wheat rotation and fallow can be well simulated by the DNDC
model. Wang et al. (2001) simulated trace gas emissions in the Yangtze River Delta
with the DNDC model, and the field observations showed that the simulation error of
the N,O flux was less than 26%. The study of N,O emission in soybean fields showed
that the DNDC model performed well in simulating N,O emission flux and soil surface
temperature during the soybean growth period, but they also found that the model may
underestimate the N,O emission during dry and non-agricultural periods (Xie and Li,
2004). The study of Wang et al. (2004) at the Quzhou experiment station of China
Agricultural University validated the DNDC model by using long-term experiments with
different treatments of fertilization and tillage. The results indicated that the DNDC
model could simulate the dynamics of local SOC under the current cultivation.
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2.2.2 Model simulation

To simulate tracer gas emissions for a specific site, the DNDC model requires a num-
ber of input parameters, including climate conditions, soil properties and agricultural
management practices. The basic meteorological data (e.g. daily maximum tempera-
ture, daily minimum temperature, daily precipitation, air pressure) were acquired from
the China Meteorological Data Sharing Service Network (http://cdc.cma.gov.cn/). The
initial physical and chemical properties of the soil (e.g. SOC, bulk density, pH, clay
content) were acquired from conventional field sampling and laboratory analysis. The
agricultural management practices (e.qg. tillage, fertilization, and irrigation) were deter-
mined by the experimental design and the actual production.

The DNDC model can simulate the major GHG emission fluxes of N,O, CO, and
CH,, crop yields, carbon/nitrogen content in soil and plants, and soil temperature and
humidity in different levels of soil profile. Observed values were compared with simula-
tion values to evaluate the model accuracy.

The purpose of sensitivity tests is to find those factors that have a major impact on
the variables of interest and to quantify the influence and degree of sensitivity. Baseline
scenarios were dictated by local climate, soil and agricultural management practices.
Alternative scenarios were constructed by changing the values of a single input factor
within the range observed in farmlands within our study area while keeping all other in-
put parameters constant. Based on the research by Xing and Shen (1998), we selected
mean annual temperature, annual precipitation, soil texture, SOC, pH, residue incorpo-
ration, and N fertilizer and organic manure application as the test parameters. The an-
nual mean temperature and annual precipitation in the baseline scenario were acquired
from the China Meteorological Data Sharing Service Network (http://cdc.cma.gov.cn/);
soil physical and chemical properties were acquired from the Institute of Soil Science,
Chinese Academy of Sciences, where they were compiled from the second national
soil survey during 1979—-1994 covering all counties; farm management data come from
household survey and estimates by experts. In this study, nitrogen fertilizer was applied
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three times (28 April, 18 June, and 26 July), and the ratio of the amounts applied was
2:2:1. Animal manure was applied once as base fertilizer in planting.

A 100-yr simulation was conducted with the DNDC model to study the greenhouse
gas emissions under different scenarios in the oasis summer maize system. The pur-
pose was to identify practices that might reduce greenhouse gas emissions.

The global warming potential (GWP) is an estimate of the degree of contribution to
global warming from a given amount of greenhouse gas. It is on a relative scale that
compares the effect of the gas in question to that of the same mass of CO,. The GWP
is calculated using the following equation (Li et al., 2004b):

GWP; = CO,; /12 x 44 +N,0, /28 x 44 x 298 + CH,; /12 x 16 x 25

where GWP, (kg CO, ha~'yr™') is the global warming potential induced by scenario /;
CO,;, N,O; and CH,; are the CO, flux (kgCha~"yr™"), the N,O flux (kgNha ' yr ")
and the CH, flux (kg C ha™’ yr‘1 ), respectively, induced by scenario i. For this research,
which focused on an arid region, the CH, oxidation rate was negligible in comparison
with the CO, and N,O fluxes from the agricultural soil (Li et al., 2010).

3 Results and discussion

Field observations provided the primary data of greenhouse gas emissions in a specific
environment and were utilized for model validation first. They were then extrapolated
through sensitivity analysis and long-term prediction with the validated model.

3.1 Model validation

To simulate daily N,O and CO, fluxes from the summer maize field, the DNDC model

was run with the following input data: (1) local meteorological data (e.g. maximum and

minimum air temperatures and precipitation) in 2010; (2) soil physical and chemical

properties (e.g. SOC, soil bulk density, pH, soil clay content); and (3) agricultural man-

agement information (e.g. crop type, planting and harvest dates, tillage, fertilization
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and irrigation), which has already been detailed in Sect. 2.1. Figures 2 and 3 show that
there was a significant correlation and a consistent seasonal pattern between modeled
and observed daily N,O and CO, emission fluxes under four different fertilizing condi-
tions. DNDC-modeled daily N,O is in the form of peak emissions. It mainly comes from
both nitrification and denitrification at daily (dry period) and hourly (rainfall period) time
steps. The model captured the main peak emissions of N,O, which were well matched
with field observations in both quantity and discharge time. The peak emissions of N,O
mainly occurred after fertilization and irrigation or during soil freezing and thawing.

The modeled and observed CO, fluxes included autotrophic respiration by plant
roots and heterotrophic respiration by soil microorganisms. The observed and simu-
lated daily CO, emission rate showed similar seasonal patterns for four different treat-
ments (Fig. 3). With the temperature change, modeled and observed CO, fluxes in-
creased in the spring, reached their highest values in the summer, and then decreased
rapidly in the autumn. Results indicated that there is a significant positive correla-
tion between CO, flux and air temperature. When the daily average temperature was
greater than 0°C, the coefficients of determination (Rz) between modeled CO, fluxes
and temperature were 0.4722, 0.4688, 0.4727 and 0.5146. The model results showed
that autotrophic respiration of plant roots is the main source of soil CO, emission during
the maize growing season, especially during the vegetative growth stage.

These analyses all suggest that the DNDC model can simulate N,O and CO, fluxes.
Table 2 shows the N,O and CO, fluxes, the crop yield, the annual SOC and the net
GWP values obtained with the DNDC model under four different management scenar-
ios. The results show that when the crop yield is high, the net GWP under the MN
treatment is much smaller than it is under the N treatment. Statistical tests suggest
that there is a significant N,O and CO, concentration difference between experiments
with and without fertilizer application (P < 0.01), which indicates that more N,O and
CO, are generated in experiments with fertilizer application than in the control. This is
a result caused by fertilizer application, not by errors in sampling and measurement.
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3.2 Sensitivity tests

Table 3 lists the parameters in the sensitivity analysis. The three variables considered
are climatic factors, soil properties and agricultural management. The ranges of all
variable factors were based on the field survey. The DNDC model was run for the
study site but with varied climate, soil and management conditions.

In the DNDC model, CO, flux includes photosynthesis, plant autotrophic respiration,
microorganism heterotrophic respiration, and dissolved organic carbon (DOC) leach-

ing.
3.2.1 Climate effects

The results of the sensitivity tests showed that temperature and precipitation have sig-
nificant effects on N,O and CO, emissions (Fig. 4).

Many studies have shown that N,O and CO, fluxes have significant positive correla-
tions with air temperature or soil temperature if soil moisture is not a limiting factor (Han
et al., 2007; Yamulki et al., 1997). However, in this study the sensitivity tests indicate
that the N, O flux decreases and the CO, flux increases with an increase of temperature
at the study site. There are two major reasons for decreased N,O emission at higher
temperatures: one is decreased soil nitrogen concentration due to inhibition of vegeta-
tion at high temperatures; the other is inhibition of soil mineralization due to decreased
water content at high temperatures. The CO, flux increased due to the increased de-
composition rate of organic matter caused by higher microbial activity, which increases
with temperature.

The impacts of precipitation change on gas emissions were mainly due to changes
in soil moisture. Model simulations showed that when the precipitation changed
from 80% to 120% of the baseline value, the annual N,O emissions decreased
from 3.61 to 3.54 ngha‘1 yr ' and the CO, emissions increased from 380.03 to
411.89kgC ha™’ yr'1. Increased precipitation stimulated denitrification, which was the
main process of N,O production, but with the extension of hypoxia, denitrification could
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produce more N, than N,O. There are three main driving factors that control the pro-
duction process: soil redox potential (Eh), DOC concentration and available N (i.e.
ammonium or nitrate). When the environmental conditions change, these driving fac-
tors will also change. If any one factor becomes a restrictive factor, N,O flux will be
reduced. The relationship between soil moisture and CO, emission is more compli-
cated. When soil moisture is lower than the field capacity, CO, flux increases with
precipitation; when soil moisture ranges between the field capacity and the wilting co-
efficient, there is no significant correlation between precipitation and CO, flux; when
soil moisture is higher than the field capacity, the diffusion of oxygen in the soil is re-
strained, as is autotrophic and heterotrophic respiration, and CO, flux decreases with
increasing precipitation (Davidson et al., 1998; Lavigne et al., 2004; Chen et al., 2004;
Reichstein et al., 2003). In the DNDC model, Li et al. (2006) used a recession curve to
describe the drainage after rainfall.

3.2.2 Impacts of soil properties

Based on the analysis of sensitivity tests on the soil properties, the factor that both N,O
and CO, are most sensitive to is SOC (Fig. 4).

As initial SOC increased from 0.5% to 2%, N,O emission increased from
3.11kgN ha™’ yr’1 to 4.43kgN ha™’ yr‘1, which is identical to the result of Jagadeesh
Babu et al. (2006), and the range of change covers the range of N,O flux change
caused by the change of other soil factors. Within the DNDC, model, dissolved organic
carbon (DOC) is the only energy source for the entire denitrogenation process. Higher
SOC generates more DOC, which in turn drives a continuous denitrification until the
final product N, is produced. Soil texture is determined mainly by the ratios of sand, silt
and clay. The influence of soil clay content on N,O emission is mainly through its effect
on soil hydraulic characteristics and soil aeration. Soil aeration gradually deceases as
soil texture changes from sand to clay. When soil moisture is high, more N,O will be
generated from fine-textured soil. In this situation, an anaerobic environment is formed,
and denitrification becomes the major factor determining N,O emission (Bollmann and
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Conrad, 1998). Because soil in arid areas is usually alkaline, the pH range set in the
sensitivity tests was 7.3—9.4, which was intended to represent normal soil conditions in
the Zhangye Region. Fig. 3 shows that the N,O flux decreased with increasing pH. It
is commonly agreed that soil denitrification is not directly controlled by pH, but it is in-
directly influenced by it because effective carbon control by pH is required for microbial
denitrifiers, a decrease in which will lead to a decrease in denitrification (Koskinen and
Keeney, 1982). It is generally agreed that the optimal pH for denitrifying bacteria is 68
and that their total pH range of activity is 3.5-11.2 (Chen, 1989).

From the sensitivity tests, it can be seen that there was a significant positive corre-
lation between SOC and CO, emission rate. When the initial SOC content increased
from 0.5% to 2%, CO, emission was increased by 229.14%. Because the initial SOC
is the determining material basis of CO, production by microbial decomposition, it is
essential to soil respiration (Sikora and McCoy, 1990). Bazzaz and Willians (1991) pre-
dicted that the CO, emission rate increases with SOC content. Shifting soil texture from
sand to loam to clay altered the CO, flux from 214.63 to 607.08 to 505.61 kg Cha™ " yr™
because clay minerals adsorb SOC and thereby protect it from decomposition.

3.2.3 Impacts of management options

Results from the sensitivity tests indicated that the N,O and CO, emissions were most
sensitive to N fertilizer and manure amendment (Fig. 4). Increasing manure amend-
ment from 2000 to 4000 kg C ha™’ yr_1 increased annual N,O and CO, emission rates
from 4.51 to 5.42kgN ha™’ yr‘1 and from 1112.68 to 1842.92 kgCha‘1 yr‘1. These
increases occurred because manure amendment or return of crop residue to the soil
could increase the SOC content and because of the positive correlation between SOC
and the emissions of N,O and CO, (Smith et al., 1997). Application of N fertilizer to
agricultural soil affected the N,O emission rate, and the magnitude of this effect mainly
depended on the nitrogen utilization efficiency of the plants. N fertilizer increased the
substrate concentrations (NO;, NHZ) of nitrification and denitrification, which in turn
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promoted the production of N,O, yielding the observed linear increase in N,O emis-
sion with increasing N fertilizer (Gregorich et al., 2005). Oversupplying of N fertilizer
could significantly promote N,O emission (Hou and Chen, 1998; Dobbie et al, 1999).
There is a complex interaction between N fertilizer application and CO, emission rate
(Kowalenko et al., 1978; Paustian et al., 1990; Jacinthe et al., 2002). In our analysis,
the CO, flux increased with increasing N fertilizer application rate; however, when the
N fertilizer application rate reached a certain value (250 kg N ha™’ yr‘1 ), the increase in
the rate of CO, flux was slowed. One reason for this phenomenon could be a decrease
in nitrogen utilization efficiency followed by a slowdown of biomass accumulation and
a decrease in autotrophic respiration rate when N fertilizer application rate reached
a certain value. Another reason is that N fertilizer applied to the soil will reduce the
C/N ratio, initially promoting microbial decomposition of SOC and increasing the CO,
emission rate, but the CO, emission rate will decrease when the DOC consumption is
excessive and there is no supplementation.

3.3 Long-term impacts of management practices

The one-year sensitivity tests identified the factors to which the N,O and CO, fluxes
were most sensitive on a short time scale in the Hexi oasis summer maize ecosystem.
For the same soil C and N accumulation and consumption, the results of the DNDC
model simulation may show a difference between a long time sequence (100yr) and
a short time sequence (1yr). To test the long-term impacts, four long-term (100 yr)
alternative management scenarios were constructed: (1) a fertilizer application rate
of 450kgN ha™’ yr'1, which is typical of agricultural production in this region, (2) a N
fertilizer application rate of 200 kg N ha™’ yr_1 , (8) an increase in the crop incorporation
rate from the baseline (15%) to 90%, and (4) an increase in manure amendment rate
from the baseline (0) to 2000kg C ha™" yr_1. The rest of the model’s driving variables
(climate, soil and farm management) were kept consistent with the observed values
and household survey data. The DNDC model was run for 100 yr with each of the
scenarios with the climate data of 2010.
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3.3.1 Long-term impacts on SOC

When the N fertilizer application rate was 1.5 times higher or 2/3 lower than the baseline
scenarios, the SOC content decreased by 0.14% or increased by 0.60%, respectively.
When the rate of crop residue incorporation or manure amendment was increased from
15% to 90% or 2000kg C ha™" yr'1 was added to the soil, the SOC content increased
by 42.32% or 30.79%, respectively. Long-term simulation results showed that the in-
crease of N fertilization rate alone was not effective in increasing the SOC content. The
residue return rate and the manure amendment rate were the key factors governing the
SOC content, and there was a positive correlation between them (Fig. 5).

3.3.2 Long-term impacts on N,O fluxes

Compared with the baseline scenario, the simulation results showed that elevated ma-
nure amendment and N fertilizer application rates both increased the N,O flux; de-
creased N fertilizer application rate decreased the N,O flux. This was because the
manure amendment increased SOC content, which provided more nitrification and
denitrification substrate to stimulate the production of N,O. An increased N fertilizer
application rate could cause rapid increase of NO,; and NH:{ in soil, thus promoting ni-
trification and denitrification; conversely, a decreased N fertilizer application rate could
inhibit nitrification and denitrification. Returning straw to the soil reduces N,O emission,
perhaps because the high C/N ratio in the straw could accelerate biological nitrogen
fixation and reduce nitrogen loss by denitrification. During straw decomposition, al-
lelopathic substances that inhibit denitrification might be produced (Wang et al., 2006)
(Fig. 6).

3.3.3 Long-term changes in net greenhouse gas emissions

The influence of different management practices on global warming was evaluated by
calculating net GWP in the four scenarios. Figure 7 shows a rapid increase of net
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GWP in all four scenarios in the first 35yr, and then it tends to level off. In comparison
with the baseline results, larger amounts of N fertilizer use and manure amendment
increases net GWP; smaller amounts of N fertilizer use decreases net GWP. Net GWP
from the high residue return rate and the baseline rate are nearly equal after 40yr. In
general, increasing residue return rate would be a more effective measure than other
scenarios for reducing net GWP emission.

4 Conclusions

Because agricultural ecosystems are one of the major sources of GHG emissions, re-
duction of GHG emissions under various agricultural management systems is a current
focus of research. Assessing the impacts of various management practices on differ-
ent crops and soil types through the explicit use of experimental data becomes very
difficult. Biogeochemical models, such as the DNDC model, thus play an important
role in such research. In the present study, N,O and CO, emissions from agricultural
soils were measured in a summer maize field in Zhangye City, China, in 2010. The
effectiveness of the DNDC model was assessed by comparison with the field mea-
surements. Sensitivity tests indicated that: (1) the most important factors governing
N,O emissions are N fertilizer application rate, manure amendment and residue return
rate; (2) CO, emissions increase with manure amendment, residue return and initial
SOC; and (3) net GWP decreases with increasing manure amendment, residue return
rate and precipitation and increases with N fertilizer application rate. During the simu-
lated 100 yr, the DNDC model predicted four scenarios of long-term impacts on SOC,
N,O and net GWP emissions. The results suggest that a high residue return rate was
the most effective practice for maintaining sustainable development of agriculture in the
study area.
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Table 1. Field experimental design.

Fertilizers
Organic fertilizer  Nitrogen fertilizer
(animal manure) (urea)
Treatment kgC ha™ kgN ha™’
M 2000 -
N - 300
MN 2000 300

B - -

M was a traditional agricultural fertilization mode when there was no chemical fertilizer provided; N was a fertilization
mode with high input and intensive agriculture; MN was a fertilization mode recommended by local experts; B was a
controlled trial.
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Table 2. Modeled N,O and CO, fluxes, crop yields, SOC values and net GWP under four

different treatments of summer maize in the field.

M N MN B
N,O (kgNha ' yr™) 0.31 3.6 457 0.1
CO, (kgCha™"yr") 4940.17 5592.85 6386.35 953.82
Crop yield (kgC ha™' yr‘1) 1484 2303 2301 293
SOC 0-20cm (kgCkg™) 0.0141  0.0138 0.0142 0.0135
Net GWP (kg CO,-equivalent ha‘1) -6722 -2084 -6331 346
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Table 3. Baseline values for sensitivity tests.

Parameter Baseline Range tested

Annual mean temperature 9.14 Decrease by 2°C and 4°C and
(°C) increase by 2°C and 4°C

Total annual precipitation 163.8 Decrease by 10% and 20% and
(mm) increase by 10% and 20%

Soil texture Sandy loam Sand, loamy sand, loam, clay
SOC content (%) 1.38 0.5,0.75,1.0,1.5,1.75, 2.0
Soil pH 87 7.3,8,94

Total fertilizer N input (kgNha™" yr™) 300 200, 250, 350, 400, 450
Manure amendment (kg C ha™" yr") 0 2000, 4000

Residue incorporation (%) 15 0, 50, 90
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Fig. 2. Comparison of observed and modeled N,O emissions in summer maize fields.
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Fig. 5. Influence of management practices on long-term SOC content.
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