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Abstract: Agriculture practices such as crop rotation, tillage and fertilization have significant
impact on ecosystem nutrient turnover and losses with potential harm to the atmosphere
(greenhouse gas emissions - GHG) and hydrosphere (leaching). The Landscape-DNDC
model, originated and further developed from the DNDC model, is capable of predicting soil
carbon and nitrogen turnover and associated losses of greenhouse gases and nutrient
leaching from terrestrial ecosystems. The study region is located in the Haean Catchment,
northeast of Yanggu County, Korea. Highland agriculture is the dominant agricultural practice
in this region. The Landscape-DNDC model was applied to estimate nitrogen turnover rates
and N,O emissions as well as NO; leaching rates of forest and various agricultural sites
experiencing different management practices of Haean Catchment. Field measurements of
TERRECO such as N,O emissions, inorganic soil nitrogen stocks (NH,"-N and NO3-N) as well
as NO; concentration in soil water from upland fields and rice paddies, were used for
comparison with the model simulations. In particular, simulation results were compared to the
measured N,O emissions from a radish field with different fertilization regimes. The
underestimated simulation results indicate the need for improvements in the model,
considering various agricultural practices such as heavy fertilizer use, soil dressing, and
mulching and application of plastic ground covers, which were previously never considered in
the model. In addition, detailed information for nitrogen fertilizer additions is required to
achieve better simulation results. Simulated annual losses of nitrate in seepage (40-50 kg N)
were one order of magnitude higher than N,O emissions (1.5-3.5 kg N), which indicates that
eutrophication is probably an even greater concern than GHG emissions from the agricultural
system in the Haean Catchment.
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1. Introduction

Agricultural soils can act as a source or a simkHe three greenhouse gases, nitrous oxid®)YNnethane (Ck)
and carbon dioxide (C{(Giltrap et al., 2010). In Korea, agriculturallsare the major sources of® emission
and account for about 47% of nationgNemissions. The agricultural sector has been krtowbe the largest
anthropogenic source of GHapproximately 46% of total CHemissions, and significant amounts of Chie
released from rice paddies (about 26%) (KEEI, 2010)

In view of the rising world population and increagsidemand of food and fiber, modern agriculturaktices are
strongly linked to fertilizer application for maaihing or even increasing yields. Intensificatidnagricultural
practices can have significant impacts on ecosyddarnover and possibly accelerate associatedfhhlosses
into the atmosphere (greenhouse gas emissionshyrdsphere (nitrate leaching) (Li et al., 2006hefieby,
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nutrient turnover and losses are the result oftimplex interaction of ecosystem nutrient input pratesses such
as nutrient uptake by plants and soil microbialcpeses (e.g. mineralization, nitrification, defitdtion,
methanogenesis and methane oxidation) which vaseatlygr in space and over time. Process-oriented
biogeochemical models provide a useful instrumeniritegrating our knowledge of these processesdainihg
variables. As field measurements will always bétéohin space and time, such models are also aigirmgrtool for
development of mitigation options and for up-saglof GHG emissions and nutrient leaching to landscand
regional scales.

The Landscape-DNDC model used in this study ortgithdrom parts of different DNDC models, i.e. DN
agricultural simulations (crop growth, managemeitet al., 2001) and Forest DNDC (forest growth el
biogeochemical processes; Stange et al., 2000k Keal., 2005, Kiese et al., 2011), and is novatdgto simulate
C and N turnover of forest, arable and grasslandystem in the same model framework. In the repast, the
model was tested against a various number of fiatdsets with good success (e.g. Chirinda, eDall;2Kiese et
al., 2011). However, so far, little or no reseahnels been carried out on simulating trace gas flaxesnutrient
leaching from arable fields in Korea. This studyhis first attempt to apply the Landscape-DNDCxangine the
carbon and nitrogen turnover and associated lassggicultural soils of Korea. The main aim ofdlstudy is to
simulate and evaluate (in comparison with field sueaments in the TERRECO projectNemission and nitrate
leaching, considering different upland crops andiagament practices at site scale. In a secondnitieip a GIS
framework, upscaling to the whole Haean Catchmelhtbe undertaken. It is a challenge to adapt DNfaC
regional scale, taking into account the speciaiufes of agricultural practices in Korea, such @it dressing,
mulching and application of plastic covering, ahd bveruse of chemical fertilizers.

2. Materials and M ethods

2.1 Study Site

The study was conducted at the site of Haean Catich(88°2984.29"N, 128°127.65"E, 451 m a.s.l), located in
the northeast of Yanggu County, South Korea. Anauatage air temperature of the basin is ca. 8a#tCaverage
precipitation is about 1,100 mm. More than halfef area in Haean Catchment is covered by fonggtpaimately
58.6% of the total area, followed by upland agtiod (27.4%) and rice paddy fields (8.8%). As digdgraphical
characteristics, upland agriculture is the domitagnicultural practice and soil dressing, plastio firound covers
and heavy fertilizer use are very common in thgiae. According to the annual statistics of Yanggounty,
radish, soybean, potato, Chinese cabbage and Eurapbbage (which are often grown in rotationspvwsiown to
be the major upland crops, comprising about 52%6tal upland crops in Haean during 2009.

2.2 Field M easur ements

Inorganic soil nitrogen stocks (Nmin)

For determination of the initial nutrient statugted soils, NH" and NQ' concentrations where measured in spring
2011 at 20 field sites covering five different ctgpes i.e. rice, radish, bean, potato, Chinesbagdand European
cabbage. Soil samples at 0-30 cm were taken befwteafter planting, fertilization and other fieldanagement
operations (ploughing, formation of rows and imers) in three replicates. The nitrogen fertilizersmpplied to all
fields one week just before planting, except inliban fields which did not receive any fertilizexatment. Further
soil sampling was conducted also later during ttop @rowing season, and after harvest consideiomgand
interrow positions (data not yet analyze).

All collected soil samples were kept in a refrigerg0°C) until analyzed in the laboratory of KarngwNational
University. The soil samples were extracted withR®I, filtered (Whatman No.2 filter paper) aftehaur shaking
and analyzed by Kjeldahl-N (UDK 129 Distillation Infor ammonium-N (NH'-N) and nitrate-N (N@ -N)

concentrationNH4+-N andNOg3-N concentration were determined by following edpa{Keeney and Nelson,
1982). In this study 0.01N HCI was used for timatinstead of E50;.

[Volume (ml) of acid consumed_Blank] (14.01) (100) {A) (R) (10%)
[Weight of the soil (g)] (10%)

N (ppm) =

Where A = Normality of H,50,; and R = Dilution factor

Inorganic soil nitrogen stocks were finally caldatd by multiplying NH-N and NQ-N soil concentration with the
mean bulk density (provided by soil team) of 0-&Dsoil depth.
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N,O flux measurements

The NO flux measurements used in this study for modsirtg were carried out at row and interrow posgian
one radish field by infrared photoacoustic gasya®alin 2010 (Berger et al. in this proceedings) €kamine the
influence of N fertilizer application rates on timagnitude of NO emissions, field measurements were made with
different rates of nitrogen fertilizer applicatit80 kg, 150 kg, 250 kg and 350 kg, plus 187 kg Nifv@ treatment).
Furthermore, important environmental conditionshsas soil moisture and temperature in 15 and 36aihadepth
were recorded by an echo logger at daily time uater

2.3 Landscape-DNDC Model Description

In recent years IMK-IFU developed the Landscape-ldNDodel (Haas et al., 2011; Figure 1), which irdtes
former DNDC models (i.e., arable and grassland fEddDC, Li et al., 2001; forest from Forest-DNDCa8ge et

al., 2000, Kesik et al., 2005, Kiese et al., 20bid one model framework. The Landscape-DNDC bedanghe
process-based biogeochemical models which simutaiesystem C and N cycling, and the associated
biosphere—atmosphere exchange of greenhouse gég2sG0O, and CH) on the basis of plant physiological,
microbial and physicochemical processes. The misdahning on (sub-) daily time step and uses diala (max.
and min. air temperature, precipitation, radiatisind speed) as meteorological drivers. Furtheuingata is
needed to reflect agricultural management practieeg., planting/harvesting, tillage, fertilizer pdipation,
irrigation and information on soil and vegetatiomogerties (SOC, bulk density, texture, pH, cropeg)pfor site
characterization and model initialization. Basedtluis input and driving data via the sub-modulei$ donate,
mineralisation and plant growth, Landscape-DNDCdmts soil environmental factors such as substrate
availability (C and N), pH, soil temperature andisture and shares of anaerobic/ aerobic micro tesll user
defined soil layers, which are finally driving midrial N turnover processes of nitrification and itiéfication and
associated losses ob® and NQ (Figure 1).

As a process-based model, Landscape-DNDC is alusefuboth for modeling the environmental impaofs
agricultural management systems and for improvimgumderstanding of the underlying processes @ilet al.,
2010). In this study, the Landscape-DNDC modelmvaly applied to quantify pO emission and nitrate leaching
from agricultural soils with different applicatiaates of nitrogen fertilizer and manure. Datasetstlie model
input, with regard to agricultural practices inauckop rotation, planting and harvesting dateag#l and amounts
of fertilizer and manure applied, were preparednfinterviews with local farmers and by use of anriesilizer
and crop statistics. Daily climate data used forusations was collected from automatic weatheiigtabcated
next to the radish field.

3. Results and Discussion

Results of investigation of the initial soil nitreig stocks in spring 2011 before and after fertilira are
summarized in Figure 2a (NHand 2b (NQ). In general, our measurements show very highalrsbil nitrogen
stocks in spring 2011. Np$oil stocks across different fields averaged &8.8 ha’, and variation between fields
was low. In contrast, N©soil stocks varied significantly across fieldstwihe lowest value for rice (9.8 kg N'ha
and highest value for bean (201.5 kg Noh&he mean N@ soil stock of 112.7 kg N Hawas slightly higher than
for soil NH,-N, which is somehow surprising since the capdoitfixing NH," as a cation is much higher than for
the anion N@. Mean total inorganic soil N stocks in spring breftertilization across all fields was 186.1 kg &'h
and, thus, ca. ¥z of the fertilization rate indichby the farmers in interviews.

Since information of fertilizer application ratesopided by the farmers are quite uncertain, we ditoeestimate
fertilization rates by comparing measurements ofdganic N stocks before and after fertilizationgkmeral, our
measurements show higher inorganic nitrogen statfties fertilization, except for the bean field whiwas not
fertilized. Measured fertilization rates resultadil7, 53, 294, 89 kg N Hdor the cabbage, potato, radish and rice
fields, respectively. Except the radish field, meed fertilization rates were very much less tharmers’
estimates, which were usually higher than 300 KigN Reasons for the difference could relate to uaa®y in
farmers’ estimates, but also uncertainty in spagiptesentativeness of the sampling procedure.

Figure 3 shows the comparison of mean simulatednagalsured PO emissions in the radish field for different
application rates of nitrogen fertilizer (50, 1260, 350 plus 187 kg N Hapre-treatment), taking only into account
simulated values at the times that measurements available. Simulated & emissions were always lower than
measured values, but in both cases increases edawith increasing N fertilization rates.
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Figure 1. Landscape-DNDC model structure
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Figure 2. N stocksin the top soil (30 cm depth) of agricultural fieldsin Haean Catchment. Graphs show the mean NH,*-N (a)
and NOs-N (b) stocks before and after nitrogen fertilizer application in five different crop fields. The fertilizer was applied to
all crop fields, except bean fields, before planting. Barsindicate standard error (n = 3 for all fields except bean fields (n = 2)).
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Figure 3. Effects of different application rates of nitrogen fertilizer on N,O emission from the radish field as simulated by the

Landscape-DNDC and compared with measured values.
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Figure 4 shows the development of measured andatiealNO emissions over a full year for the 50 and 350lkg
treatment. The dynamics of,® emissions of measured as well as simulated valees mainly driven by the
fertilizer application around day of year (DOY) 150 a rainfall event around DOY 250. Howevemastioned
before simulations tend to underestimate measlugdd, in particular at the fertilization peak.
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Figure 4. Smulated and measured N,O emissions for the 50 and 350 kg N ha'* treatment of the radish field covering a full year

Figure 5 compares annual losses gONand nitrate leaching (at 30 cm soil depth) far thfferent fertilizer
treatments of the radish field. As shown before NBO emissions, also NQleaching rates increased with
increasing fertilization rates. Simulated loss saiénitrate with 40-50 kg N Hayr® are one order of magnitude
higher than MO emissions which varied between 0.6 and 1.0 kgiNy*. This finding indicates that in Haean
Catchment nitrogen losses via seepage water irdongkvater and/ or rivers may be much higher tha® N
emissions into the atmosphere. Furthermore, indig® emissions, stemming from conversion of exporitdte
into N,O emissions at other places than in the radist, feely. riparian zones, might be of significant @mipnce.
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Figure 5. Annual rates of N,O emission and nitrate leaching of different fertilizer treatments of the radish field

4. Conclusions

This study was the first attempt to use the LangsdaNDC model to examine the nitrogen turnover asgbciated
losses of MO and NQ' in agricultural soils of Korea. So far the simidatresults were compared to measurg@® N
emissions with reasonable agreement. Further waltkcencentrate on refinement of input data consiug
various agricultural practices, for example, soéssing, mulching and use of plastic ground cowgrieh have
only been partly considered in the model before ti@nother hand, simulations will be evaluated ichmore
detail taking into account more TERRECO data sugts@l moisture, temperature, yields, inorganid 8bi
concentrations, etc. However, the often limitedinfation provided by farmers on agricultural mamaget - in
particular fertilizer application rates - makedifficult to understand the field system in moreaile which causes
uncertainties when applying the model to more TERRHield sites beyond the radish field discusseae.h@ur
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findings on inorganic N soil stocks provide somiimation to help solve this problem, but requilsa further
quality check of the laboratory analysis methods.
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