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Abstract
Methane (CH4), nitrous oxide (N-O) and nitric oxide (NO) are considered to be the most important greenhouse
gases. Present study is a practical-analytical study conducted with help of DAYCENT software to study flux of
methane, nitrous oxide and nitric oxide emissions in citrus orchards of Dezful and Abadan groves in Khuzestan
province. DAYCENT model program is written in FORTRAN and C programming languages and runs with Unix
/ Linux platform. Results of methane flux simulation at Dezful station show release of 0.448 tons of methane per
square meter per year, 0.111 tons of nitrous oxide per square meter per year and 0.152 tons of nitric oxide per
square meter per year. Results of simulation of methane flux in Abadan station indicate release of 0.398 tons of
methane per square meter per year, 0.014 tons of nitrous oxide per square meter per year and 0.129 tons of nitric
oxide per square meter per year. Potential for global warming was then calculated for both study areas. Also, in
order to evaluate accuracy of the model were used, statistical characteristics of maximum error, root of mean error
squares, determination coefficient, model efficiency and remaining mass coefficient. According to statistics,
DAYCENT provides acceptable results and has a good accuracy range in all three gases. Results showed that trend
of increasing flux of methane, nitrous oxide and nitric oxide gases in Abadan groves is slower than Dezful citrus
orchards.
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Expanded Abstract

Introduction

Atmosphere around the earth plays a very important role in preventing its temperature from decreasing.
Changes in greenhouse gas (GHG) concentrations have occurred over the past few years and are also
associated with rising global temperatures. Climate change and global warming have caused widespread
concern in national and international communities due to rising greenhouse gas emissions. Iran has a
small share of the world economy and population, but in terms of per capita emissions of greenhouse
gases, it is ranked 30th among the countries in the world. The rate of greenhouse gas emissions in Iran's
agricultural sector through the use of fertilizers (chemical and animal fertilizers), animal waste
management and incineration of agricultural waste on the farm, is higher than many developed countries
such as Canada, Japan, Italy. Methane (CH,), nitrous oxide (N2O) and nitric oxide (NO) are considered
to be the most important greenhouse gases. Present study is a practical-analytical study conducted with
help of DAYCENT software to study flux of methane, nitrous oxide and nitric oxide emissions in citrus
orchards of Dezful and Abadan groves in Khuzestan province.

Materials and Methods

DAYCENT Model: This model was used in the early 1970s to simulate changes in soil organic matter
(SOM), plant productivity, nutrient availability, and other ecosystem parameters in response to changes
in land and climate management. This model showed that it can be used to stimulate plant growth and
changes in soil organic matter in most terrestrial ecosystems around the world. Increased attention to
greenhouse gas analysis led to the development of DAYCENT in 1994. DAYCENT model includes a
sub-model in the plant production stage and a sub-model for the step-by-step dynamics of daily scarce
gases flow, nutrient circulation, water flow and soil organic matter (SOM). DAYCENT model program
is written in the FORTRAN and C programming languages and can use a DOS window or a Linux
platform. DAYCENT model inputs include observed daily precipitation and daily maximum and
minimum temperature; Input of soil variables includes texture, density, thickness, field capacity, wilting
point, pH, saturated hydraulics and conductivity for 14 soil layers. This model has been validated using
observed data on crop production, soil organic matter, nutrient circulation and scarce gases.

Global Warming Potential (GWP): To calculate this index, calculated methane, nitrous oxide, and nitric
oxide emissions for the product were considered. The effect of each of the gases on global warming is
different so that each unit of methane and nitrous oxide contribute about 28 and 265 times more carbon
dioxide to global warming, respectively . Therefore, the unit of this index was expressed as the
equivalent of carbon dioxide. Finally, the amount of global warming potential was calculated based on
Equation 2:

GWP= (N20 FLUX x265)+(CO2 FLUX x1)+ (CH4 FLUXx28) 1)

In this equation, GWP is global warming potential (kg equivalent of carbon dioxide per hectare), N20O
FLUX is nitrous oxide emission, NO FLUX is nitric oxide emission, and CH4 FLUX is methane
emission.
Statistical indices: To evaluate the accuracy of modeling, statistical indices such as Maximum Error
(ME), Root Means Square Error (RMSE), coefficient of determination (R?), modeling efficiency, and
coefficient of residual mass were used. The coefficient of determination (R?) is used to investigate the
difference between observed and predicted values. In statistics, this coefficient is defined in two ways.
The first definition is R = 1 — 22299 and the other definition is R? =200
2 (0i-0)? 2(0i-0)?
examination of models, CD index is the inverse of the second definition and EF index is same as the
first definition of R2 The first definition always changes between zero and one, and the second definition
can be greater than 1. High ME values indicate the worst model prediction. The higher the RMSE values,
the lower the model accuracy. Generally, RMSE values indicate the model error in estimating data. In
this study, Marquardt's nearest neighbour method was used to calculate RMSE. CD values also represent
the ratio between scattering of predicted values and measured values. The lower limit for ME, RMSE
and CD is zero. The closer the EF index is to 1, the higher the accuracy of the model in estimating the

. In the quantitative
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data. The CRM index shows the tendency of the model to overestimate and underestimate. Negative
CRM values mean that the model predicts values more than the observed data, and positive CRM means
that the model predicts values less than the observed data. The Residual Prediction Deviation (RPD)
index is also obtained by dividing the standard deviation by the Root Mean Squared Error. Ideal
prediction models should have R? above 0.75, RPD index above 2.0 and RMSE lower than its standard
deviation (SD). If observed and predicted values of model are equal, ME=0,RMSE=0,CD =1, EF =
1 and CRM =0.

Results and discussion

Results of methane flux simulation at Dezful station show release of 0.448 tons of methane per square
meter per year, 0.111 tons of nitrous oxide per square meter per year and 0.152 tons of nitric oxide per
square meter per year. Results of simulation of methane flux in Abadan station indicate release of 0.398
tons of methane per square meter per year, 0.014 tons of nitrous oxide per square meter per year and
0.129 tons of nitric oxide per square meter per year. Potential for global warming was then calculated
for both study areas. Also, in order to evaluate accuracy of the model were used, statistical characteristics
of maximum error, root of mean error squares, determination coefficient, model efficiency and
remaining mass coefficient. According to statistics, DAYCENT provides acceptable results and has a
good accuracy range in all three gases. Results showed that trend of increasing flux of methane, nitrous
oxide and nitric oxide gases in Abadan groves is slower than Dezful citrus orchards.
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Figure (2): Diagrams of estimation of nitrous oxide emission curves based on DAYCENT model
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Figure (3): Diagrams of estimation methane emission curves based on DAYCENT model
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Figure (4): Diagrams of estimation of nitric oxide gas emission curves based on DAYCENT model

Conclusion:

Based on the results obtained from DAYCENT model, methane gas had the highest rate of increase in
Dezful station (citrus), the highest rate of nitrous oxide increase in Abadan station (dates) and nitric
oxide from Dezful station (citrus). The high growth of methane gas in Dezful station is due to the type
of cultivation. While the high flux of nitrous oxide in Abadan station and nitric oxide in Dezful station
due to the lack of principled use of chemical fertilizers and non-compliance with expert principles in
farms has caused high flux of these gases. The potential for global warming in the Dezful region was
greater because more dense cultivation and more fertilizer use was expected. Also in citrus orchards, the
changes in global warming potential are very high as a result of changes in rainfall. In summary, nitrogen
oxide is the largest contributor to global warming potential.
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