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Abstract

Increasing population and demand require increasing production per unit area. Competition for increased
yield has led to excessive use of chemical fertilizers. Excessive use of chemical fertilizers and discharge of
agricultural land drainage containing these compounds leads to pollution of water resources. Therefore, in
the present study, the effect of different fertilization strategies on the amount of nitrate output in the irrigation
and drainage network of the Dez River was investigated using the SWAT model. The calibration and
validation of the model to simulate the amount of nitrate was carried out using statistical data from 1995 to
2017 at the network outlet (Bamdej station). To achieve the objectives of the present study, information
related to the agricultural management of the region, including cropping pattern and planting and harvesting
dates, irrigation rate and time, and fertilization rate, were entered into the model based on the information
received for the study basin level. In order to evaluate the effect of fertilization rate on surface water quality,
scenarios for reducing fertilization rate were introduced into the model. The results of model evaluation using
R? and NSE coefficients indicate the appropriate performance of the model in simulating the mentioned
parameters. The results of applying fertilizer reduction scenarios showed that by applying 10, 20, 30, 40, 50,
60 and 70 percent reduction in fertilizer, nitrate was reduced by 2.74, 9.31, 11.25, 14.83, 17.95, 21.23 and
26.62, respectively. According to the findings of this study, it can be said that due to the high impact of
fertilization, by controlling the amount of fertilizer used, pollution of surface water resources can be
controlled to a large extent.

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

Data Data source
(DEM) Digital elevation model
Soil map (FAO) United States Food and Agriculture Organization

Land use map Khuzestan Province Agricultural Jihad Organization
Meteorology data Iran Meteorological Organization
Hydrometric data Khuzestan Water and Power Organization

Management and agricultural data

Fertilization data Khuzestan Province Agricultural Jihad Organization

SWAT Jaw 50 0ud Jlos!l (o155 DY game (B0 865 Ol o § Sl (5681 -T 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 1 August 2/5 200 100
10 Citrus 6 - 21November 10 400 100

axdllan O g0 dikaio (S yog o (SOLCL ! Dlasio -V oo
Table 3- Specifications of the hydrometric stations of the studied area

Row Station name River Eevation Longitude Latitude

Bamdej Dez 20 37-68-48 08-41-31
Harmaleh Dez 38 24-31-48 82-57-31
Shawoor bridge Shawoor 60 03-15-48 09-03-32
Shushtar Karon 1215 07-85-48 00-05-32
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)

Nash-Sutcliffe coefficient

assessment's result

The coefficient of determination

(NSE) (R%)
very well 0.75 <NSE 0.85 <R?
Well 0.65 <NSE < 0.70 <R? < 0.80
Satisfactory 0.50 <NSE < 0.60 <R? =£0.80
Unacceptable NSE = 0.50 RZ2 < 0.60

b lwdnsls Juho 30 Oy pwlus (S ol sl dag 9 49l dold -0 Jou>

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
85.42 422-100 0-100 Concentration of organic nitrogen oy oNco 5
in the channel - =
1.89 0-3.14 0-5 Organic nitrogen enrichment ratio v_SOLN CON 6
5873 49.8-79.5 0-100 The initial conceptratlon of NO3 in v SOL NO3 7
the soil layer — =
3119 218-43.7 0-100 The initial concentration of v_ SOL_ORGN 3

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

-
Q
Optima Optimal 3 g
t-stat p-value value | parameter a? t-stat  p-value value parameter § g
a
_1/04  0/44  3/191 v SOLORGN 5 0/12 081  2/0235 V—SH%LLST— 1
0/98 032 1/89 v.SOLN.CON 6 -/24 0/75 8/425 v.CHONCO 2 =
]
ol
£
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 model efficiency in nitrate load simulation
Ol g 5 Gilwdnd JO SWAT Jow oL 31 fol> s -Y o
StdDev_sim Mean_sim NS 5 ) ’ iteri tati
(StdDev_obs) (Mean_obs) E R R-factor P-factor Criterion/ Station Parameter
665(491) 618(526) 0/56 0/80 0/08 0/17 Calibrated g
o
Bamdej z
341(304) 399(398) 0/55 0/70 0/04 0/09 Validated !
2100 /\ Observed
E /\ Best estimation
o /\ Observed
E 2000 /\ Best estimation
Fig. 3- Results of calibration and verification of nitrate simulation in SWAT model at Bamdej

station
5ol ol 50 SWAT Jow 58 Ol s (8 lwdnds 31 Jol>  mwiomo § mwly gl - IS



AD

VF-AA o NFe0 Lo Y o,les ¥4 o5

Sl pokige s psle

355 By olS w2l Jolye 4 2 g5 b oyl olo 3
Wyl s olulys sl 4l jialS 55 Sl b ol a5 4 g
logy )l s o alie )3 pogadas (g )lel 0,95 Jobo 52 o
& Wl o pol cpl )0 Slis e Gials jo Slus M
Gob il O glie 5 SB s @l oS5 gl ele
3390 3lel 0393 3 Sl (Sogh1 )b ylaho 3 55 (S S0
Ve sl 58t e 9 )0 sl 4 base b))
Sheikh (gl wdl L osel comday mls )b olazl
sl gplpwl 3 awyp 4 &8 (2015) Zainuddin et al
Oran g Kby )3y Sl (23 355 5 ol e
Oliwe sjlwdnd 45 (2017) Nouri 5 Misaghi (slaadllas
by ol abog) 4 (65)liS glagyme; 5 (g399 il
2 4 ib eyl 39 00 plsl 1) SWAT Jus 1 ool
5 Dlosds plp wal do > Fe g Ve slagy b &S puobiw olo yd
o Jesl ol 5 ol olily 4 g b s el pogad
oo Pk Span & e (s3luodlsl o, gyl
ol Sl SEBL lasss” (35 (0 3le (wimen 9 35 (0
i85 gt HB olise 4 |y Sl (539 Mlgie Je

V-2

14000
12000
10000

8000

4000
-[l |
. (T

jan  Feb  Mar Ap

r  May Jun
Month (AD)

Nitrate (Kg)

| " i “ IN ||t
Jul Aug  Sep Oct Nov Dec

dalie O b Ol a2 (A9 Ul jae S 48T qwyy
odlitul Y guame iy Mgi 4 5l g Cumer MDA 25 b
S 5 a9y ooliol ol 4l (il 55 abend (slodgS )
EWEPOS dls%j alo oS ials 4 joxie odlys oyl 3l ol
S Lol LS 5 posigel 9 clind ol s g0 o jusol
oS (559U o) 5l (g Do imd o ISt |y obord
2le jl (S bl o SB paw il LS 5l goutiinds Juol>
oo Jlas! 11 08l o o sloc] gl Sogll Lol
Ol g olS 5,Slas @l pshaeds laosley (] Gpne g
2 5 gl gy 3 D9y ey (53955 5 yel (S8
5;' De Feo Xe Xo N ul}.auo LY L;hb)’f L)“‘Q‘S dlh’))l.u»
3 55 g o)l 4 3 Sl (Sl s 2 sh0p Vo
S (V) Jgaz 9 (F) JS5 50 o bt 4285 )13 )y 0,0
Ll ol
(s 3= 1) g5 ol ) JS5 osel Cammsdy @lis & dogi b
bk oS (ondy98-aidl) ole oo g s jb n e
595 olo > lyig oI5l Y5 51 (G ledls olaid] 5e8 4
S 6y oweg (o jlwodlel jslaiods 3¢5 B puan ial3sl Wl e
awals olo cpl )3 1y 15l i 1 gl Jlasl 0l pgs

H Existing situation

0% fertilization reduction

[1120% fertilization reductior
30% fertilization reduction

B40% fertilization reduction

W50% fertilization reduction

W70% fertilization reduction
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Table 8- Effect of applying fertilizer reduction scenarios on the amount of nitrate in the study area

10% 20% 30%

Parameter  fertilizer  fertilizer  fertilizer
reduction reduction reduction

40% 50% 60% 70%
fertilizer  fertilizer fertilizer fertilizer
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



DOI: 10.22055/jise.2024.43688.2075

A?

el g 51l 36y 101, 5 5 (gl

O iy 99 &l Sl
ol 35 4565 g 48 1500 p3le] lio gl St
5l GReegy cnl gl 5 ke JLisil g ) (ogas 5

S gl
oyl (oigy slitel Joxo 5l 3ativs ol Jlo (slo ol
Cawl 48 5 a0 GN:SCU.WI98.280 4k 3

odld dy o jwd
ol 04 )] dlde (e )0 ol g CleMbl don

SRR SN Jool 51 59 m
O cpl Hlisl g plsl o 1) (IMS] Jgol B g
el dan a0l 5y50 £b90 (pl 5 35l 03905 Cule, ole

2 S0 SS9l g Wgo (Fghan g ddle!
SIS Wl 58 (Lghan g

Slapyglid 9 Ugo ogian Jogn jlogs dllis )3 sty

il 00,5 0dltin] £ gunn oo (SeS
OB s §5 =5 jlie

Wosly Juloxi g 4,35 8 o)l wls 2]l Bt 95
0 dmodly Jdow g ayios (2l oo 1090 2y g
Llie
B )2 o @Y Lo i@ g Dy 93
B (y 2 ccnidiog p dumo 1 )R Dkauns 9
Alde ()5 g laald e tpoy ddbus g

S5 Rl

oSy > panss (oS 0y dlw, I Al oy

all jloal (e sd SRl Cansj o g Of utine
gy Ciglee Jlo sacoles Sl dbwy sl 0sd
Oszed. 33,80 (S13,08 o S jleal len a8l
Olejl )0 11 255 Ao St Cilye dlhe Bty s
&b & bgrye ()lgdl SleMbl g Ll Gl 3 liwjes 50 9
adllas 3,90 adlate ( piog )it (slo ol g 55 (S0 g (5Ll

S5 dom

SWAT Jao jl eslatal b (295 <l olime o (o23 365
Pl ) g 15 sl (35 oS 5 (6] 455 263,90 anlllas)
I3l 5> SUFI2 2,580 3l eslizal b i el 5 oxinly
b el )b awlis L SWAT Juo 295 SWATCUP
s R? olajline b Sllllas dilaio 395 0 choinlin pilis
358 ilS (sl s b o 8,5 )13 55) 5,90 NSE
85 1B gyt 3y90 adllas )50 dilate (Sogll i 0 o
it 3590 sl ol b 6l R? 5l odlisl b Jso o) ol
Srodgizme jd i Srwious g (Swly dls e g0 40
odgime 3 55 NSE o (+/0A=+/AY) o (+/03-+/aY)
3ySas odimd i oS 48,5 )1)8 (+/FO—+/OV) 4 («/0F=+/VF)
il ge Ol (gilwand ) Jdo cawlio

Sl i 23 258 slagy )l Jlasl I o> b
YEIFY oo s lyis ials 1 Sho o 5y &5 A oo LS
il g aBply Ojgo (23398 Al Lo Ve galis 5
29 Ol o d YIVE Lials 4 e (2 395 Ao )
Gl 033,85

398 loj Jud 5l iliseo Jolge ol Condy guls 4 av g5 b
s Vg Sl e g oll oy srlel olie 2
SIS e ool (gl e g Nl e 365 4 cuiS
Lol plio 5l a8 cblis (ol otel cunsdy gl sllas 3l
Ui o P i camlio (6 IS ks g dse By
oSl g8 5l aip eolitwl (bl olesd (gladeS S
slesk plods oS sbay SUE) gladgs S
g Slios 1 edlatwl gly l5y0liS 4 (SSL @Muass
Oz g 48 )ie ghaw 3 S)lel g aF ny slagiy,
ol bl s )y blS 5 Sles dgup 4 o O glie (Sl
ool 53 D98 59l g (S | (6ol 9 395 B pan
dLhy)LwJ @b))l guy & SWAT ).Ja.t @LQJJ«O )‘ o3l
Bl g0 b g s 1) 550l claddgs prdaw 55 Calisee 2 gt
Al SB g Ol g e slasl (985 (sl 5550 S,

2258 alS sl ls Jlee! 56 lje ol (55955

Aoles o el O ygu C)T ©oladl )»LW9UL5L5 3 Sles 59y p
2 ale don g alato 3BT olaz b ad S8 ) 3050 ol
D903 35|y cunlio ol s 9 Ll e

References

1- Ababei, B. and T. Sohrabi., 2009. Assessing the performance of SWAT model in Zayandeh Rud

Watershed.  Journal  of  Water  and
20.1001.1.23222069.1388.16.3.3.7 (In Persian).

Soil Conservation,

16(3):  41-58. DOL

2- Abbaspour K.C., Yang ,J., Maximov, 1., Siber, R., Bogner, K., Mieleitner, J., Zobrist, J. and Srinivasan,
R., 2007. Modelling hydrology and water quality in theprealpine/alpineThur watershed using SWAT,
Journal of Hydrology 333: 413—430. DOI:10.1016/j.jhydrol.2006.09.014.



AV

VV“—AAJ.\%OJL‘Y o)wfﬁa)): 6)L:;.T$~.L;€.»}r}ls

3- Abbaspour, K. C., Rouholahnejad, E., Vaghefi, S., Srinivasan, R., Yang, H. and Klove, B., 2015. A
continentalscale hydrology and water quality model for Europe: Calibration and uncertainty of a high-
resolution  large-scale =~ SWAT  model.  Journal of  Hydrology. 524: 733-752.

DOI:10.1016/j.jhydrol.2015.03.027

4- Ahmadzadeh, H., Murid, S. and Delaver, M., 2013. Evaluation of changes in the performance of
agricultural products and input to Lake Urmia in the Zarinerood basin under the influence of changing
irrigation systems from surface to pressurized using the SWAT model. Journal of Irrigation and
Drainage of Iran, 8(1): 1-15. DOI: 20.1001.1.20081758.1400.17.2.3.1

5- Akhavan, S., Abedi, j., Mosavi, S, F., Abbaspour, K., Afyoni, M. and Eslamian, S., 2010. Estimation of
"blue water" and "green water" using SWAT model in Hamadan-Bahar watershed. Water and soil
Sciences (agricultural sciences and techniques and natural resources), 14(53): 9-23. DOI:
10.22067/geo.v813.81998 (In Persian).

6- Akhavan, S. and Jodi Hameze Abad, A., 2015. Simulation of Inflow to Urmia Lake Using SWAT Model.
Journal of Water and Soil Science, 19(72): 23-34. DOI: 10.18869/acadpub.jstnar.19.72.3 (In Persian).

7- Albaji, M., 2010. Land suitability evaluation for sprinkler irrigation systems. Khuzestan Water and Power
Authority (KWPA), Ahwaz, Iran (in Persian), 14(3), pp.16-25.

8- Annual report of Khuzestan Water and Electricity Organization, 2016. Exploitation of irrigation networks
in North Khuzestan region, KWPA Technical Rep, p13

9- Arnold, J. G., Srinivasan, R., Muttiah, R. S. and Williams, J. R., 1998. Large area hydrologic modeling
and assessment part 1: model development. American Water Resources Association.volume 34, 73—89.
DOI:10.1111/5.1752-1688.1998.tb05961 .x.

10- Basaltpour, A. and Hosseinzadeh, N., 2016. Theory & training step by step construction and
implementation of SWAT model. Valiasr University of Rafsanja. (In Persian).

11- Bindra, S.P., Lawafi, A., Abulifa, S. and Gouma, M., 2014. Change and Development in Biological Civil
& Environmental Engineering Education in Libya. International Conference on Biological, Civil and
Environmental  Engineering (BCEE-2014) March 17-18, 2014 Dubai (UAE).
DOI:10.15242//LLCBE.C0314079

12- Gassman, P.W., Reyes, M. R., Green, C. H. and Arnold, J. G. 2007. The soil and water assessment tool
historical development, applications, and future research directions. American Society of Agricultural
and Biological Engineers 50(4), 1211-1250. DOI: 10.13031/2013.23637

13- Giri, S., Qiu, Z., Prato, T. and Luo, B., 2016. An integrated approach for targeting critical source areas
to control nonpoint source pollution in watersheds. Water Resour Management. Volume 30, 5087-5100.
DOL: 10.1007/s11269-016-1470-z

14- Jingyuan, J., Shiyu, L., Jiatang, H. and Huang, J., 2014 .A modeling approach to evaluating the impacts
of policy-induced land management practices on non-point source pollution: A case study of the Liuxi
River watershed, China. Agricultural Water  Management Volume 131:1-16. DOI:
10.1016/j.agwat.2013.09.005

15- Li S., Li J., Xia J. and Hao G., 2021. Optimal control of nonpoint source pollution in the Bahe River
Basin, Northwest China, based on the SWAT model. Environmental Science and Pollution Research,
DOI: 10.1007/s11356-021-14869-4

16- Misaghi, F. and Nouri, M., 2017. Simulating the amount of nitrate entering the river from agricultural
land using the SWAT model (case study: Zanjan River). Iran Water Resources Research, 14(2): 155-

168.DOI: 10.22104/AET.2020.4298.1214 (In Persian)



M
DOI: 10.22055/jise.2024.43688.2075 ealies slogs 31l 2 10 5 5 (6l

17- Mohammadi, M., Kavian, a. and Gholmi, L., 2017. Simulation of discharge and water nitrate in Talar
watershed using SWAT model. Watershed Management Research Journal, 8(15):45-60. DOI:
10.29252/jwmr.8.15.45

18- Moriasi, D. N., Arnold, J. G., Van Liew, M. W., Bingner, R. L., Harmel, R. D. and Veith, T. L., 2007.
Model evaluation guidelines for systematic quantification of accuracy in watershed simulations.
Transactions of the ASABE. 50(3): 885-900. DOI: 10.13031/2013.23153

19- Naseri, A.A., Albaji, M., Boroomand Nasab, S., Landi, A., Papan, P., Bavi, A.2009. Land suitability
evaluation for principal crops in the Abbas Plain, Southwest Iran. Journal of Food, Agriculture &
Environment.7 (1): 208-213. DOI: https://doi.org/10.1234/4.2009.1502

20- Nash, J. and Sutcliffe, J., 1970. River flow forecasting through conceptual models: Part 1. A discussion
of principles. Journal of Hydrology, 10, 282-290. DOI: 10.1016/0022-1694(70)90255-6

21- Nazari-Sharabian, M., Taheriyoun, M., Ahmad, S., Karakouzian, M. and A. Ahmadi., 2019. Water
quality modeling of Mahabad Dam watershed—reservoir system under climate change conditions, using
SWAT and system dynamics. Water 2019, 11, 394. DOI: 10.3390/w11020394.

22- Neitsch, S.L., Arnold, J.G., Kiniry, J.R. and Williams, J.R., 2011. Soil and Water Assessment Tool
Theoretical Decumention version 2009 (user, manual). Texas Water Resources Institute, 647 pp.
DOL: 10.4236/jwarp.2010.25047

23-Nouri, Z., Selajqa, A., Malekian, A. and Moghadamniac, A., 2016. Investigating the effect of the best
management measures in reducing point and non-point sources of water pollution using the SWAT model
(case study: Simre watershed, Simre river). - Iran Water and Soil Research, Volume 48, Number 5,
Bahman and Esfand 99-106. DOI: 10.22059/ijswr.2018.225610.667617 (In Persian) .

24- Qiang, W and YuSchilling, H., 2021. Identifying critical source areas of nonpoint source pollution in a
watershed with SWAT-ECM and AHP methods. Hydrology Research,52(6), 1184 DOI:

10.2166/nh.2021.010.

25- Schilling, K. E. and Wolter, C.F., 2009. Modeling nitrate-nitrogen load reduction strategies for the Des
Moines River, lowa Using SWAT. Environmental Management, 44 (4), 671-682. DOI: 10.1007/s00267-
009-9364-y

26- Sheikhi Grakoui, K., Navabian, M., Vazifeh Dost, M., 2017. Investigating the accuracy of salinity
simulation using heavy metals and nitrogen cycle in SWAT model (case study: Navroud watershed). [ran
Water and Soil Research, 94(1): 25-37. DOI: 10.22059/ijswr.2017.207586.667467. (In Persian).

27- Sheikh Zainuddin, A., Esmaili, A. K. and M. Sebet., 2015. Policy incentives to reduce nitrate leaching
in agricultural fields: the study area of Drudzen irrigation and drainage network. Agricultural Economics
and Development, 30(2): 127-135. DOI: 10.22067/jead2.v30i2.40451

28-. The United Nations World Water Development Report 2021, Published in 2021 by the United Nations
Educational, Scientific and Cultural Organization, 7, place de Fontenoy, 75352 Paris 07 SP, France

29- Wu, Q and Yu, H., 2021. Identifying critical source areas of nonpoint source pollution in a watershed
with SWAT-ECM and AHP methods. Hydrology Research, 52(6), 1184 DOI: 10.2166/nh.2021.010

30- Zarei Gorkhodi, A., Shahnazari, A. and F. Mohammadi., 2022. Evaluating the effect of dams on two
parameters of runoff and sediment using SWAT model (case study: Tejn River watershed, Mazandaran).
Iran Irrigation and Drainage Journal, 16(2): 294-307. DOI: 20.1001.1.20087942.1401.16.2.3.2 (In

Persian).

31- Zhang, X. and Zhang, M., 2011. Modeling effectiveness of agricultural BMPs to reduce sediment load
and organophosphate pesticides in surface runoff. Journal of Science of the Total Environment,
409(10):1949-1958. DOI: 10.1016/j.scitotenv.2011.02.012.



