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Introduction

During the last few decades, greenhouse gases have affected the earth's radiation balance by keeping
long-wavelength radiation in the atmosphere and increasing the air temperature (Bakht Firouz and
Raeini Sarajaz, 2013). The agricultural sector has played an important role in emitting greenhouse
gases through using fossil fuels, carbon losses through tillage operations, incineration of crop and
forest trees, livestock, the use of livestock manure and construction, and the use of chemical
fertilizers. So, the share of this sector in climate change is about 13.5%, of which 60% is related to
nitrogen oxide, 39% to methane, and 1% to nitrogen dioxide (IPCC, 2007).

Considering the vast area under cultivation of sugarcane in Khuzestan province and the use of
chemical fertilizers as well as the burning of its residues every year, it is necessary to determine the
amount of greenhouse gas production in these areas. Therefore, the purpose of this study was to use
the DAYCENT model to determine the amount of gas flux emitted in sugarcane cultivation in
Khuzestan province and to determine the efficiency of this model with statistics of coefficient of
determination, maximum error, root mean square error, model efficiency, and residual mass
coefficient. The other purpose of this study is to compare the amount of global warming potential and
production of methane, nitrous oxide, and nitric oxide emissions between Shustar and Abadan agro-
industrial stations.

Materials and methods

The present study was conducted in the form of random sampling with two factors of culture type
and sampling date on the rate of methane emission, nitrous oxide, and nitric oxide. It was used to
measure the gas produced from the soil surface by the closed chamber method and gas
chromatography. Three chambers were set up in each field. Three hours after the installation of the
chambers, they were sampled from inside with the help of a syringe. The samples were immediately
transferred to the laboratory to read the amount of gas and measured by a gas chromatograph (GC)
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model UNICAM Series 610 equipped with ECD and FID sensors. This device reads the volume of
gas accurately in millions. By investing the volume of the chamber and the installation time of the
chambers, finally, the amount of gas expansion was calculated based on the amount of gas expansion
in terms of mass per unit area per unit time. Six samplings were performed in two-season sugarcane
crops in three replications during the research period. In the next step, greenhouse gases were
estimated using the DAYCENT model. DAYCENT model inputs include observed daily rainfall and
maximum and minimum daily temperature. The 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 related to crop production, soil organic matter,
nutrient circulation, and trace gases (Hartman et al., 2011). To calculate the global warming
potential, the unit of this index was expressed as the equivalent of carbon dioxide. For this purpose,
the amount of nitrous oxide gas with a coefficient of 310, methane with a coefficient of 21, and nitric
oxide with a coefficient of 298 were entered into the calculations. Finally, the statistical indicators of
maximum error, root mean square error, coefficient of determination, model efficiency, and residual
mass coefficient were used to evaluate the modeling accuracy (Ewert et al., 2005; Dashtaki et al.,
2010).

Results and discussion

The results of the average methane gas flux in Shushtar station (160 kg per hectare per year) were
higher than in Abadan station (120 kg per hectare per year). Shushtar sugarcane cultivation with
higher average rainfall had higher methane flux than Abadan sugarcane cultivation. For Shushtar and
Abadan stations, the average nitrous oxide gas flux was approximately equal (2 kg per hectare per
year). The average flux of nitric oxide gas modeled at the Abadan site was 6 kg per hectare per year.
The flux outputs of nitrous oxide and nitric oxide were obtained due to the same fertilization in both
similar stations, with a slight difference.

Based on the results of calculations of a global warming potential coefficient of methane, nitrous
oxide, and nitric oxide, Shushtar station obtained an average global warming potential (5172 kg
equivalent of carbon dioxide) higher than the average global warming potential of Abadan station
(4928 kg equivalent of Carbon dioxide). The higher average global warming potential at Shushtar
station is due to more methane emissions in this station than at Abadan station. In low and medium
temperature changes, this station had a higher global warming potential than Abadan station, but in
high-temperature changes, Abadan station showed more global warming potential. In global
precipitation changes of negative 2, positive 7, and 14% at Shushtar station, more global warming
potential was obtained. Different statistical indicators were used to evaluate the accuracy of the
DAYCENT model. The results showed that the statistical index's coefficient of determination (R2) of
nitrous oxide has the highest accuracy. However, all three gases have a suitable accuracy range above
0.50. The RPD (efficiency deviation ratio) index showed that the value for nitrous oxide was 2.6, but
in all, they had a good accuracy range.

Conclusion

Shushtar station, with a higher average rainfall level, had a higher methane flux than Abadan
station. The results of nitrous oxide and nitric oxide flux rates were similar. The Shushtar sugarcane
industry had a higher global warming potential than the Abadan sugarcane industry, which was
determined to be the main cause of high nitric and nitrous oxide emissions. The average output of
environmental emission costs also showed the largest share of nitric oxide gas emissions. Based on
statistical indicators, three greenhouse gases of nitrous oxide, methane, and nitric oxide were in the
appropriate accuracy range. The DAYCENT modeling program showed that it is an integrated model
that facilitates the interconnection of ecosystem processes.
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Table 1- Gas samplins schedule in studied agro-industries

Abadan  Farabi spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep
autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Mirza Kuchak spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

Khan autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Amir Kabir spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Dabal Khazaei spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Salman Farsi spring 15 Apr 28 May 24 Jun 19 Jul 10Sep  15Sep

autumn 12 Oct 17 Nov 14 Dec 24 Jan 11 Mar 20 Mar

Shushtar  Imam Khomeini spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep
autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar

Dehkhoda spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep

autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar

Karoon spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep

autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar

Haft Tappeh spring 15 Apr 25May 24 Jun 16 Jul 7 Sep 10 Sep

autumn 18 Oct 21 Nov 19 Dec 21 Jan 17 Mar 25 Mar
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Table 2- Average, minimum and maximum gases of methane, nitrous oxide and nitric oxide per hectare
per year in desired stations

site Variable CV (%) max Min mean
Shushtar CH4 Flux 3.8 600 100 160
N20 Flux 48.2 39 1 2
Flux NO 53.5 154 1 4
Abadan CH4 Flux 4.2 570 82 120
N20 Flux 59.3 44 2 2
Flux NO 78.5 165 3 6
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Table 3 - Statistical parameters of gas flux with increasing annual average temperature 1, 2.5 and 4.2 °©
in desired stations

Low temperature changes (1°¢)

Variable site max min  mea site max min  Mean
n

CHsFlux Abada 576 88 124 Shushtar 608 108 165

N20 Flux n 48 4 4 41 2 4

Flux NO 170 4 7 158 1 5

Medium temperature changes (2.5°C)
Variable max min  mea max min  mean
CH. Flux n 610 112 171
585 94 132
N2O Flux 52 7 9 50 6 9
Flux NO 172 5 7 161 2 6
High temperature changes (4.5°°)

Variable max min  mea max min  Mean
n 622 118 179

CHa Flux 592 103 138

N20 Flux 59 10 14 58 9 13

Flux NO 179 7 10 168 3 8
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Table 4- Statistical parameters of gas flux with increasing annual average precipitation -2, +7 and +14%
in desired stations

Low precipitation changes (- 2% )

Variable site max min  mea site max min  Mean
n

CHsFlux  Abada 555 57 107 Shushtar 587 96 142

N20 Flux n 20 0 1 18 0 1

Flux NO 152 2 4 132 0 3

Medium precipitation changes (+7%)
Variable max min  mea max min  mean
CHa Flux n 660 175 200
617 155 180 18 9 14
N20 Flux 16 9 14 188 8 42
Flux NO 194 10 56 660 175 200
High precipitation changes (+14%)

Variable max min  mea max min  Mean
n 679 197 409

CHa Flux 640 168 196 53 18 30

N20 Flux 52 18 30 207 53 62

Flux NO 218 56 60 679 197 409
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Fig. 1- Global warming potential of three gases with temperature changes in Shushtar agro-industries
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Table 5 - Comparison of measured and estimated values of three gases, nitrous oxide, methane and nitric
oxide based on DAYCENT model

gas R? RPD SD CRM EF CD RMSE ME
N2O Flux | 0.98 | 2557502  0.142728 0.36441 0.619002 0.44796533 0.055808 0.121
CHsFlux | 0.99 | 1.742253  0.540479  0.343506  0.854543  2.458733391 0.310218 0.741
NOFlux | 0.77 | 1781006 0.069177  0.222642  0.767205 1.453933593 0.038842  0.053
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