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Abstract

The aim of this study is to estimate emission of nitrous oxide gas in rice, wheat and sugarcane fields of
Khuzestan using four models: DAYCENT, DNDC, YLRM and IPCC_EF. For this purpose, nitrous oxide gas
precipitation was first measured. Then, using models was estimated nitrous oxide gas expansion rate. To
evaluate and compare accuracy of models, statistical characteristics were used, coefficient of determination,
maximum error, root mean squares error, modeling efficiency and remaining coefficient of residual mass.
Release of nitrous oxide in rice cultivation in four models was estimated to be between 0.17 and 0.171. Rate
of nitrous oxide emission from wheat cultivation was between 0.5-0.049 and from Shushtar station sugarcane
cultivation was between -0.0371 and from Abadan station sugarcane cultivation was between 0.03-0.85. In
linear regression model of rice cultivation (1.17), in IPCC_EF model, wheat cultivation (0.5) and sugarcane
(3) obtained the highest amount of nitrous oxide gas per ton per hectare per year. According to results of
statistical indicators for four models DAYCENT, DNDC, YLRM and IPCC_EF to estimate nitrous oxide gas
were determined, respectively, the coefficient of determination (0.86, 0.94, 0.99 and 0.82), root mean squares
error (0.03, 0.01, 0.85 and 0.26) and modeling efficiency (0.55, 0.94, -4.87 and -30.63).Compared to observed
values, DAYCENT model for corn, DNDC model for rice, linear regression model for sugarcane cultivation
of Abadan station showed good performance. Based on results of coefficient of determination, YLRM and
DNDC models received the highest accuracy based on modeling efficiency of DNDC model.
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Introduction

Among the greenhouse gases, nitrous oxide gas is considered one of the most important greenhouse gases due
to its longevity in the atmosphere and its global warming potential (Signor & Cerri, 2013). Nitrogen oxide
(N20) has a global warming potential (GWP) approximately 265-310 times that of carbon dioxide (CO,)
(Watson et al., 1996; IPCC, 1997; IPCC, 2007; IPCC, 2007) with an atmospheric lifetime of approximately
120 years. (Prather, 1998). N2O is involved in the formation of secondary mineral aerosol and therefore causes
air pollution in addition to climate change (Liu et al., 2017; Lu & Tian, 2013; Tian et al., 2011; Tian et al.,
2012). The main sources of nitrous oxide emissions include nitrogen fertilizers, the use of human and animal
waste, deforestation, fossil fuel combustion, and natural mechanisms in the soil and water ecosystem (Denman
et al., 2007). Which, in addition to the mentioned sources of agricultural land, also causes the production of
nitrous oxide, which is one of the important greenhouse gases in the agricultural sector and the biggest source
of its emission (Reay et al., 2012). So that agricultural activities and the increase in cultivated areas have caused
the release of nitrous oxide during the past centuries (Akbarzadeh, 2013; Smith et al., 2012). The purpose of
this study is to estimate the emission of nitrous oxide in several rice, wheat and sugarcane fields in Khuzestan
using four models DAYCENT, DNDC, YLRM and IPCC_EF.

Methodology/ Experimental Design

A sampling of nitrous oxide gas released from the soil: The current research was carried out in the form of
random sampling with two factors, the type of cultivation and the date of measurement on the level of nitrous
oxide emission. It was used to measure the nitrous oxide gas produced from the soil surface, using the closed
chamber method and gas chromatography. Closed static chambers were used to collect gas samples. The
temperature inside the chambers was measured by a mercury thermometer that was embedded in a part of the
chambers. Immediately after collection, the samples were placed in special injection vials and the caps of the
vials were covered with parafilm and placed in containers containing ice to prevent the escape of gases from
the vials. After that, the samples were immediately transferred to the laboratory and read with a gas
chromatography (GC) model APNA-370. During the research period, six samplings of selected agricultural
lands were carried out in three repetitions. These obtained values were generalized to the whole year. Then,
the amount of nitrous oxide greenhouse gas emission in wheat, rice and sugarcane farming was investigated
with DAYCENT and DNDC models as well as linear regression models and IPCC_EF to study the flux of
nitrous oxide gas in Khuzestan province. To evaluate the accuracy of the model, were used statistical indicators
of maximum error, root mean square error, coefficient of determination, modeling efficiency and coefficient
of residual mass.

Results and Discussion

The results obtained from the measured amounts of nitrous oxide greenhouse gas in sugarcane, rice and wheat
crops showed that the maximum release is in the stages of stemming and going into clusters. The release of
the mentioned gas in the first phase is related to entering the three-leaf stage, the second in the tillering stage,
the third in the stalking stage and going to the cluster, the fourth in the yellowing and hardening of the grain,
the fifth after harvesting and the sixth phase during the fallow period.

Based on the sampling results and the measured values in the time stages T1 to T, when there was an increase
in rooting and intensification of plant activities in these stages of plant growth, an increase in release was
observed. It was also observed from T, to Ts, according to the increase of plant activity (in the stages of stem
formation and clustering, there was maximum plant activity, and any stress during this period can have a
significant effect on yield and biomass, and the increase of release. It was observed in the T4 stage due to a
large decrease in root and plant activity (due to the plant reaching the end of growth and activity and entering
the ripening stage) decreased release was observed. On the other hand, in the Ts stage and the beginning of
plant residue decomposition, the release increased compared to Ta. In the time stage Ts and During the fallow
period of the field, there were no plant remains and cold air, which showed a decrease in release, indicating
that temperature has an important effect on the release of gas from the soil. The measurement of nitrous oxide
gas concentration in Baghmalek paddy fields was determined to be different from other studied crops. Because
in the flooded state, nitrous oxide is very small and at zero level. Baghmalek rice paddies prevent the release
of nitrous oxide because they are flooded. In these fields, because the water content in the soil is higher than
the soil capacity, nitrous oxide is regenerated in the form of N..
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Performance comparison of four models DAYCENT, DNDC, YLRM and IPCC_EF: Based on the results
obtained in rice cultivation, the highest amount of nitrous oxide was obtained from the linear regression method
(2.17). Also, in the cultivation of wheat and sugarcane at Shushtar station and Abadan station, the maximum
amount was determined by the DAYCENT model (0.106), (0.160) and (0.120) tons per hectare per year,
respectively. Shows the rate of nitrous oxide flux in tons per hectare per year in four stations based on
DAYCENT and DNDC models, as well as YLRM and IPCC_EF linear regression models. Considering that
the shelf life of nitrous oxide gas is very long. Therefore, minor changes in nitrous oxide emissions from
agricultural soil can have a relatively large effect on the greenhouse gas contribution of the cultivation system.
The highest amount of nitrous oxide measured was in wheat cultivation (0.104) and also using DAYCENT
and DNDC models in sugarcane at Shushtar station, it was determined to be 0.160 and 0.115 tons per hectare
per year, respectively. The highest amount of nitrous oxide was obtained using the YLRM linear regression
model in rice cultivation (1.17) and the IPCC_EF model in sugarcane cultivation in both stations with the
amount of 3 tons per hectare per year. The amount of nitrous oxide emission from rice cultivation varies
between 1.17-0.001 in a total of four models. Nitrous oxide emissions from wheat cultivation varied between
0.5-0.049, from sugarcane cultivation at Shushtar station between 0.3-071 and sugarcane cultivation at Abadan
station between 0.3-0.085. Compared to the observed values, DAYCENT in corn cultivation, DNDC in rice
cultivation, and linear regression in sugarcane cultivation at Abadan station showed good performance.

It was used to evaluate the accuracy of DAYCENT, DNDC, YLRM and IPCC_EF models for nitrous oxide
gas from various statistical indicators. The results showed that according to the statistical index of the
coefficient of determination (R?), YLRM linear regression (0.99) has the most accuracy, however, all three
models have a suitable range of accuracy above 0.50. After that, the coefficient of determination (R?) was
based on DNDC. The RPD index of the highest efficiency based on the DNDC model was determined with a
value of 4.29. While based on the linear regression models of YLRM and IPCC-EF, it showed a weakness in
estimating the accuracy of the model based on this statistical index. Based on the statistical index SD, the
DNDC model was determined to have the highest accuracy (0.04) and then the DAYCENT model (0.06). But
all the models were in the appropriate accuracy range. CRM index in DAYCENT, YLRM and IPCC_EF
models indicates overestimation and based on the DNDC model it indicates an underestimation of the model.
Based on the EF statistical index, DAYCENT and DNDC models were determined in the appropriate accuracy
range. While the efficiency based on the YLRM and IPCC_EF model is considered very weak and part of
outlier data in the accuracy range. Based on the statistical index of CD in the DNDC model with a rate of 0.91,
it obtained the highest value and in the YLRM linear regression method with the lowest value. In the YLRM
linear regression, the RMSE value was the highest (0.58) and in the DNDC model, the lowest value (0.01).
But in all cases, this statistic was below one and it was obtained in a suitable accuracy range. The value of ME
in the YLRM linear regression model was determined with the highest value of 1.14 and the lowest value in
the DNDC model with a value of 0.01, followed by the DAYCENT model with a value of 0.05 (the worst
case).

Conclusion

In rice cultivation, the highest amount of nitrous oxide was obtained with the linear regression method, in
wheat and sugarcane cultivation, the highest amount was obtained with the DAYCENT model. Based on the
statistical index of the coefficient of determination (R?), all three models have a suitable range of accuracy
above 0.50. The highest index value of RPD, SD and CD were determined based on the DNDC model. CRM
index was overestimated in DAYCENT, YLRM and IPCC_EF models and underestimated in the DNDC
model. Based on EF statistical index, DAYCENT and the DNDC models were in the appropriate accuracy
range. RMSE value and ME value in YLRM linear regression obtained the highest value and the DNDC model
obtained the lowest value. Compared to the observed values, the DAYCENT model for corn, the DNDC model
for rice, and the linear regression model for sugarcane cultivation at Abadan station showed good performance.
According to the results of the coefficient of determination, YLRM and DNDC models and based on the
efficiency of the DNDC model obtained the most accuracy.
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