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Table 1- Input information to the model for simulating Dez irrigation and drainage network

Data

Data source

(DEM) Digital elevation model

Soi
Land

I map
use map

Meteorology data
Hydrometric data
Management and agricultural data
Fertilization data

(FAO) United States Food and Agriculture Organization

Khuzestan Province Agricultural Jihad Organization
Iran Meteorological Organization

Khuzestan Water and Power Organization

Khuzestan Province Agricultural Jihad Organization

SWAT Jow 30 ol Jlos! (ol)) OY gamme (RO 395 Ol a0 § Sl (5951 -Y Jou>
Table 2- Cultivation pattern and fertilization rate of crops applied in SWAT model

Amount of fertilizer

Row Product Cultivation Planting date Harvest date Performance) (Kg/ha) used
percentage (Ton/ha
Urea Phosphorus
1 wheat 33 1December 20May 4/08 300 100
2 corn 25 21July 120ctober 6 400 100
3 Sugarbeet 7 20ctober 10May 67 350 100
4 Alfalfa 6 20ctober 19March 18/5 100 50
5 barley 6 1December 15May 3 250 75
6 vegetables 7 20ctober 30April 22 150 50
7 tomato 3 1December 19April 40 200 100
8 onion 3 1September 10March 40 200 100
9 sunflower 4 29February 1August 2/5 200 100
10 Citrus 6 - 21November 10 400 100
axdllan 8590 dikain (S g9 ydud (SOKL | Wlasin -1 Ju>
Table 3- Specifications of the hydrometric stations of the studied area

Row Station name River Eevation Longitude Latitude

1 Bamdej Dez | 20 | 37-68-48 | 08-41-31

2 Harmaleh Dez | 38 | 24-31-48 | 82-57-31

3 Shawoor bridge Shawoor | 60 | 03-15-48 | 09-03-32

4 Shushtar Karon 1215 07-85-48 00-05-32

5 Arab asad Karon 26 33-88-48 19-85-31
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Fig. 2- a: elevation map, b: location map of hydrometric stations, c: soil map, d: land use
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Table 4- Ranges of NSE and R? coefficients (Basaltpour and Hosseinzadeh, 2016)

assessment's result

Nash-Sutcliffe coefficient

The coefficient of determination

(NSE) (R)
very well 0.75 <NSE O 1 0.85 (R?
Well 0.65 <NSE O 0.75 0.70 <R?* O 0.80

Satisfactory
Unacceptable

050 <NSE O 0.65

NSE O 0.50

0.60 <R? 00.80

R O 0.60
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Table 5- Initial and optimal range of nitrate sensitive parameters in the simulated model

Optimal Optimal

Initial

Parameter definition parameter Row
value range range
0.42 .32-.696 0-1 Nitrogen diffusion coefficient r_NPERCO 1
Concentration of organic nitrogen
73.84 58.4-85 0-100 in runoff, after application of urban V_ORGN_CON 2
BMP
80.2 79-192 0-200 Organic nitrogen in the base stream v_LAT_ORGN 3
Nitrate concentration in the share of
235.02 0-671 0-1000 groundwater flowing from the v_SHALLST_N 4
subbasin

85.42 42 2-100 0-100 Concentration of organic nitrogen v CH ONCO 5
in the channel - =

1.89 0-3.14 0-5 Organic nitrogen enrichment ratio v_SOLN_CON 6

5873 498-795 0-100 The initial concentration of NO3 in v SOL NO3 7
the soil layer — =

31.19 21.8-43.7 0-100 The initial concentration of v_ SOL_ORGN 8

organic nitrogen in the soil layer
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Table 6- Results of the sensitivity analysis of parameters affecting nitrate load

Optima
value |

Optimal

parameter S t-stat  p-value
@ value

t-stat  p-value parameter

Row
Parameter

-1/04 0/44 3/191 v_SOL_ORGN 5 0/12 0/81 2/0235  v_SHALLST N 1

0/98 032 1/89 v_SOLN_.CON 6 -/24 0/75 8/425 v_CH_ONCO 2

°
[5+3
2
Q
o
2
1/21 018 7/843 v_ORGN_CON 7  0/38 0/64 0/42 r NPERCO 3
1/84 0/09 80/2 v_LAT ORGN 8 0/57 0/54 5/738 v_SOL_NO3 4
Table 7- Results of SWAT maodel efficiency in nitrate load simulation
Oy 3b S lwduds 38 SWAT Jue 1 3 Jol> mbs -Y Jous
StdDev_sim Mean_sim 2 i ) . .
(StdDev_obs) (Mean_obs) NSE R R-factor P-factor Criterion/ Station Parameter
665(491) 618(526) 0/56 0/80 0/08 0/17 Calibrated S
o
Bamdej =z
341(304) 399(398) 0/55 0/70 0/04 0/09 Validated %
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Fig. 3- Results of calibration and verification of nitrate simulation in SWAT model at Bamdej
station
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Table 8- Effect of applying fertilizer reduction scenarios on the amount of nitrate in the study area
Al 50 dilaie 30 Ul g yolol p BS 395 AL Sy sbuw Jlos! WT -A Jou

10% 20% 30% 40% 50% 60% 70%
Parameter  fertilizer  fertilizer  fertilizer fertilizer  fertilizer  fertilizer  fertilizer
reduction  reduction  reduction reduction reduction reduction  reduction

Nitrate -2[74 -9/31 -11/25 -14/83 -17/95 -21/23 -26/62

*Negative values indicate that the applied scenario reduced the studied parameter
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Introduction

The use of chemical fertilizers to increase crop production has caused the agricultural sector to
be considered the main polluter of water resources. Because the chemical fertilizers used contain
various compounds such as nitrate, phosphate and ammonium, which are the most dangerous
polluting compounds in water resources. Pollution of water resources may cause the loss and
limitation of drinking water, livestock drinking water, irrigation, aquatic life and recreational
activities. Loss of nitrogen and phosphorus nutrients from agricultural fields to surface waters
reduces water quality and leads to environmental damage (Zhang and Zhang2011). Currently, the
use of chemical fertilizers has become an inseparable part of the agricultural production process,
and its consumption is increasing. (Qiang and YuSchilling, 2021).

Today, with the development of science and technology, the use of mathematical models to
assess the quality of water resources and develop various management scenarios to improve
conditions has become widespread. The Soil and Water Assessment Tool (SWAT) is a
hydrological model that is widely used internationally and in the United States for water quality
and natural resource management. (Giri et al., 2016 ).

Materials and Methods

The Dez irrigation and drainage network, located in the north of Khuzestan province, with an
area of 125,000 hectares, is one of the largest networks in Iran, in which advanced methods are
used for irrigation and drainage of lands. The water required for this project is supplied from the
Dez River, and in order to control, contain, and regulate its water flow, reservoir, regulating, and
diversion dams have been constructed on this river (KWPA Technical Rep., 2016.)

In the present study, the SWAT hydrological model, version 2012, was used to evaluate the
effect of fertilization on the nitrate level of the irrigation and drainage network of Dez.

In order to achieve the objectives of the present study, the required information was collected
in six sections including: climatic, hydrometric, physiographic, soil data, land use map and
agricultural activities. Data related to temperature, rainfall, relative humidity and evaporation
were prepared daily from synoptic and meteorological stations during the statistical period from
1993 to 2017 and introduced into the model. In order to prepare hydrological response units
(HRU), a Digital Elevation Model (DEM) with a resolution of 50 meters, FAO global soil map
and a land use map of the region in eight classes were used. Also, the cropping pattern, yield and
fertilization of products were prepared based on data received from the Agricultural Jahad
Organization of Khuzestan Province and introduced into the model. On the other hand, daily data



from five hydrometric stations of Bamdej, Harmaleh, Pol-e Shavour, Shushtar and Arab-e Asad
were used to calibrate and validate the SWAT model. Finally, to investigate the effect of
fertilization on the amount of nitrate output in the study area, scenarios of 10, 20, 40, 30, 50, 60,
and 70 percent reduction in fertilization were implemented in the model, respectively.

Results and discussion

According to the results obtained, June has the highest nitrate load and March has the lowest
load. One of the reasons for the increase in nitrate in June could be the increase in fertilizer
consumption in order to prepare the land for the second crop. The application of scenarios also
had the greatest impact in this month. In March, due to the final stages of plant growth, fertilizer
consumption and consequently nitrate load also decreased. According to the results presented,
during the statistical period, especially in low nitrate amounts, the scenarios do not differ much in
reducing nitrate levels. This could be due to the stability of nitrate compounds in soil and water
resources. On the other hand, the least impact on the amount of nitrate pollution load in the
evaluated statistical period is related to scenario 10 and the greatest impact is related to scenario
70.

Conclusion

The results of applying fertilization scenarios to the pollution level show that the highest
average reduction in nitrate by 26.62 was achieved in the 70% reduction in fertilization scenario,
and a 10% reduction in fertilization led to a 74.2% reduction in nitrate output.

According to the results obtained, various factors such as fertilization time, irrigation rate,
irrigation method, and the amount of fertilizer required by crop patterns can affect the level of
surface water pollution. According to the results obtained, for the qualitative protection of water
resources, an important step can be taken in the control of chemical fertilizers by spending money
and making appropriate policies. Optimal use of fertilizers, replacing organic fertilizers with
chemical fertilizers, providing banking education to farmers to use modern fertilization and
irrigation equipment and methods at the farm level, and also increasing the purchase price of
agricultural products can, in addition to reducing water resource pollution, lead to improved plant
performance in conditions of reduced fertilizer consumption and preventing a decrease in
farmer's profits. In this direction, the use of models such as SWAT, which has the ability to
evaluate different management scenarios at the watershed level, can be an effective solution for
developing water and soil management programs.

It is necessary to examine the impact of applying fertilizer reduction scenarios on plant
performance and its economic impact simultaneously so that a logical and comprehensive
analysis can be carried out in the field and then the appropriate decision can be made.
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