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Introduction

Evaluation of plant models in agriculture has been done by many researchers. The purpose of this work is to
determine the appropriate plant model for planning and predicting the response of crops in different regions. This
action is made it possible to study the effect of various factors on the performance and efficiency of plant water
consumption by spending less time and money. Since the most important agricultural product in Iran is wheat, so
proper management of wheat fields has an important role in food security and sustainable agriculture in the
country. The main source of food for the people in Iran is wheat and its products, and any action to increase the
yield of wheat is necessary due to limited water and soil resources. Evapotranspiration is a complex and non-linear
process and depends on various climatic factors such as temperature, humidity, wind speed, radiation, type and
stage of plant growth. Therefore, in the present study, by using daily meteorological data of Urmia, Rasht, Qazvin,
Mashhad and Yazd stations, the average daily evapotranspiration values based on the results of the FAO-Penman-
Monteith method are modeled and the accuracy of the two methods temperature method (Hargreaves-Samani and
Blaney-Criddle) and three radiation methods (Priestley-Taylor, Turc and Makkink) were compared with FAO-56
for wheat.

Materials and Methods

The present study was conducted to evaluate the accuracy and efficiency of the AquaCrop model in simulation
of evapotranspiration and biomass, using different methods for estimation reference evapotranspiration in five
stations (Urmia, Qazvin, Rasht, Yazd and Mashhad). Four different climates (arid, semi-arid, humid and semi-
humid) were considered in Iran for wheat production. The equations used to estimate the reference
evapotranspiration in this study are: Hargreaves-Samani (H.S), Blaney-Criddle (B.C), Priestley-Taylor (P.T), Turc
(T) and Makkink (Mak). Then, the results were compared with the data of the mentioned stations for wheat by
error statistical criteriaincluding: explanation coefficient (R?), normal root mean square error (NRMSE) and Nash-
Sutcliffe index (N.S).

Results and Discussion

The value of the explanation coefficient (R?) of simulation ET and biomass in the Blaney-Criddle method is
close to one, which shows a good correlation between the data. The NRMSE and Nash-Sutcliffe values for both
parameters and the five stations are in the range of 0-20 and close to one, respectively, which indicates the
AquaCrop model's ability to simulate ET and biomass. On the other hand, the value of R? in the Hargreaves-
Samani method for biomass close to one, NRMSE in the range of 0-10 and Nash-Sutcliffe index is more than 0.5,
which indicates a good simulation. The NRMSE index in the evaluation of ET and biomass wheat is excellent for
the Blaney-Criddle method and about Hargreaves-Samani for ET is poor and for the biomass is excellent.

The Turc method with NRMSE in the range of 0-30, explanation coefficient close to or equal to one and a
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Nash-Sutcliffe index of one or close to one can be used to simulate ET and biomass at all five stations. Also, for
biomass simulation, Priestley-Taylor and Makkink methods have acceptable statistical values in all five stations.
Based on the value of explanation coefficient (R?) of estimation ET and biomass wheat for radiation methods,
the correlation between the data in all three radiation methods is high. Percentage of NRMSE index of Makkink
method for wheat in ET evaluation in Qazvin station is poor category and in Urmia and Rasht is good and in
Mashhad and Yazd is moderate and about biomass in all five stations (Qazvin, Rasht, Mashhad, Urmia and Yazd)
is excellent category, the error percentage of Priestley-Taylor method for wheat in ET evaluation in Yazd station
is good and the rest of the stations is poor, about biomass is excellent in all five stations (Qazvin, Rasht, Mashhad,
Urmiaand Yazd). The error rate of Turc method for wheat in ET evaluation in Urmia, Rasht and Mashhad stations
isgood andin Qazvin and Yazd is poor and about biomass is excellent in all five stations (Qazvin, Rasht, Mashhad,
Urmia and Yazd).
Conclusion

According to the results obtained using Blaney-Criddle method with R? value close to one, NRMSE in the
range of 0-20% (excellent to good) and Nash-Sutcliffe index close to one and Turc method with R? value close to
one, NRMSE in the range of 0-10% (excellent) and Nash-Sutcliffe index close to one was showed a good accuracy
of AquaCrop model in simulation of evapotranspiration and biomass with these methods of estimation of
evapotranspiration compared to other methods.
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NRMSE 0-10

o Ao e

Estimation result Excellent Good

10-20 20-30 >30

Moderate  Weak




\f*Yc‘MZ.Q..\.Lé)l—og.é)g)é‘\o)w"f'v-\l?‘dléjgid%)&i A

RS9 b9y & Sy it (pl 4y 9 2038 oslitl ol
Sy olpl bl b s yipe Slosien

P NRMSE L S5 (g, (7 Jiz) puiS @ulis Joio b
NS (a3l g oL plp b G5 o o yid oY+ 239000
2 g 3 o35 15 s ET (sl s (sl 0 & S5 L
2B 03555 (&5l dd (gl pitred Cus oalatw] B oK,
el Jo b (oylel podlie (clyls olSsus) gy o 4> 59y 4w
Tavakoli et al., ) l,)Ken g S5 oS —idgh b (5 Jsi>)
pbol Siddes 9 St KBl L Jls w3 olw] > (2013
S5 Sl S)la o (hoy b 1) 359 (i 53D
dowaS baylyd 0 A (S o Cuid g S S yali— iy
A bro (4 powm 3 Y (sloodld 3939 pae > ) oud g yles gla
Slanddl gl pols Jimsh gl b as” Wyl onds plool cldllas b
FAO-56 jig, L |y J—ol> zulis 5 00,8 cpusd di (ogbs yodass
caslllas 3)50 (slohg) (e )3 &S 2 )S aom gl 2 S Auylio
4 S5 b slale g wljg) Sloj slooygd )3 592,55l b9,
bl el ol 4 b o8l das 3 5 A28 0 451 FAO-56 i,
ol @bt ol Jowlio (rdads (be)) S)g b9y wsbye
Gblie jd Jole oy ippe 3L ceyur a5 a3 o ol lole oo
9 u9.\o/w d.\oL.,o 0 J.nl.c PP U.:L.BY olel_w 9 S
o) s (Nandagiri and Koovor, 2005) ¢l b poda
Coglgl 595 g (S o) b po ldl sl 5 gy
2,

Bly B39 9 039 p3lio Al ¥ o ¥ JSb
5 oolizn | LETO 5,4 calisco cla gy 13 paiS odd (gl durd
ag baimd o i |y addllas 590 (claolSins! ;5 OlSTST Jao
il glabg) ) gilo dnd palie oy ol SUST ajlages 4
[y ) a)Lc] u»Lw‘)J Ored .J)Lﬁ d9>9 FAO-56 d.:l.» P9y L
9wl il pel b (hgy ol 0 b ool o (Siwad oy
2,10 3935 pAS (gl ritiads

ool olma3la gl ) (S (NS) hulSilum i o 3
dg— i g0 03lawl (SSiglgyam sla Jao oL oLl slp &S
&b bk | b 23l o) (Nash and Sutcliffe, 1970)
Caslallad Slyyo J8lis
YN(ET(Sim)—ET(Obs))?2 s
Y N(ET(Obs)-ET(Obs))?2 ( )

Ol e e g o3g +YV b =00 5l ad L bl il aial

cpl a8 O yao i gla g (wloly .l S ad L
Gassman et al., ) ) Kas g (owl Glallhs o 3l diss)
Je il +/0 3 YL QSO i (o s Hluse S1(2007

ol a3l o> (gilwdess

NS=1-

I) 0395 Cnuy 9ET Lg)LoT L;:Lv))l 4 by).a CJL\J; 90 Jﬁ‘»
f..\;f ‘_gl)g VAA+=Y. Y. dLmJL» 2 ‘_SJ.»L.«»lyb olihui] A P Lg‘)f
.J.mou,o 45‘)‘ ETO 3)5])_3 dtmu»a) ggv.ic) LY
ET ilodund (sl (R?) s o pd e d Jgio poll
S 0y S & S35 S Ghay 2 P s
5 NRMSE jlado a0 o olis osls oy |y owlio Siuer
0354500 3 el i dy oSl iy g yolyl 90y 3550 )0 55 NS
Jde g Ulgr onimd i oS e wl 6 4 Ko 5 -V
)lA.O.n ue)b )l Jw:l)L;o 03 Cum ) 9 ET LS)L"W LSI)" ul).{bf]
S 4 S35 0395 sl Flolwjn Sl 2 5 R?
&S odg [0 )I L)“"" NS ua}Lw 9 AR 039450 D NRMSE
OhKen golgalis b (0 Jguo) Caw | gd (g5l e odimd L
Uiy b g ye 5y ) 4 (Pashakhah et al., 2014)
il lo wldl (sl Coly <o 5 g 592,55 (S S S sl
Clanaddl )3 Jau,S= SN by ol ol o] gols sy, 56
pae s a4 dlllas 350 (slaeall 3 48" Lol ;50,8 o adlllas
059 31 @y 3ys e 0500 5l 3590 slwodld &y (o
Olgs o0 08 Zuaoly Ydlre 3l (61450 00 bbbl Seo FAO-56
dl cwd FAO-56 39, b (ylol L 5l anliio cladygl o
olllas jo (Roshan et al., 2012) |)San 5 by, cpimen
Sl 3 Joily 359 5505 cunlio Jao (2] seian )3 395
s 9 JRS= M G i aly SOy gy e



o g 3y g e s 5lwannds 50 ET0 0591y cilizio loiigy il (b3 s pio 3 el Gliro (550 9 el Sl

Ax5 ol 3 oled CYBlre (g lol (b, -0 Jou>
Table 5- Results of statistical evaluation of temperature equations for wheat
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Table 6- Results of statistical evaluation of radiation equations for maize
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Figure 2- Comparison of simulated biomass of wheat with different estimation of ETo methods
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Figure 3- Comparison of the actual simulated evapotranspiration of wheat with different estimation of ETo methods
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Introduction

Determining the capture zone of water resources is a strategic approach proposed at the national level of water
resources managementin Iran. One of the importantactions for this purpose is protection of karst water resources,
which are considered one of the vital sources for supplying water due to the widespread karst formations in this
country and the limitation of groundwater resources in alluvial aquifers. Generally, water flows out through the
springs in the karst system. The land area where the water contributes to the spring is called the spring's capture
zone. The study and analysis of the recession curve of the springs, the area extending from a discharge peak to the
base of the next rise, along with the other physical characteristics of springs such as electrical conductivity is a
useful indicator for getting knowledge about the condition of the catchment area and other properties of the
heterogeneous karst terrain. In estimating the water budget, unlike the non-karst areas where the surface runoff or
the outflow is considered the main factor in the estimated water budget, the recharge component is an important
factor in the karst domain. The difference between hydrogeological and hydrological (topographic) catchments is
one of the obvious features in karst landscapes. The identification of these basins or their boundaries is possible
by combining geology and topography information. Soufiyan Cement Company in the vicinity of Chelleh Khanehe
Olya Spring located in Moro Mountain is associated with the creating social problems due to the expansion of
mining activities and the negative impact on spring water in this area. Therefore, this study aims to determine the
catchment area and the capture zone of the Chelleh Khanehe Olya Spring by determining the protective boundary
for the extraction of limes by the Soufiyan cement factory to prevent the negative impact of this factory on the
spring.

Materials and Methods

In this research, the hydrograph of the recession curve related to a rainfall event has been analyzed by taking
into account the mean monthly discharge rate of spring to determine the sub-regimes of diffuse and conduit flow
by employing the following equation:

Q=Qoe™ (1)

Where Qt is the discharge rate at time t, Q, reveals the discharge at the initial time, and o is a recession
coefficient.

In addition, The Qmax/Qminratio has been calculated to estimate the flow type and the degree of karstification
in the catchment area.

In the next step, to determine the Chelleh Khanehe Olya Spring catchment area and its capture zone, spring
hydrogeological boundaries were determined and investigated using the SCS method and estimating the area's
water budget. Due to the lack of sufficient rainfall and groundwater discharge information in this region, the water
budget for a given period (2019-2020) has been computed indirectly by measuring the monthly discharge rate from
the selected stations. After collecting the required data, the following equation developed by Milanovich (1989)
has been used to estimate the water budget as follows:
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P=E+R+l (2)
Where P, E, R, and I denote precipitation (P), evaporation at the basin level (E), runoff (R), and rechargeto the
aquifers (1). All the parameters are in mm units.

Results and Discussion

Analyzing the variation of electrical conductivity along with the discharge rate indicates that by decreasing the
discharge rate from 2.5 I/s to 8.1 I/s, the electrical conductivity increase from 463 ps/cm to 500 us/cm, reflecting
an increase in the volume of the reservoir, the dilution of the aquifer. The hydrograph recession curve during 2019-
2020 indicated two laminar and turbulent sub-regimes. Micro regimes ol (01.002) and o, (0.013) represented that
the dominant system of karst development in the region is diffuse. The high density of fractures and the lack of
purity of lime are the main reasons for the weak development of the karst fracture in the region, which the Chele
khaneh Olya Spring recession curve analysis, maximum to minimum ratio of discharge, and karstification
coefficient confirmed this issue. Determining the catchment basin using geological, hydrogeological information,
and water budget showed that the hydrological and hydrogeological boundary of the Spring is different. The
protected zone of Chele khane Olya Spring, which includes the total hydrogeological basin and the Cretaceous
limestone area below the level of the Spring, was estimated to be about 184,000 square meters (18 hectares).
According to the findings of this research, Soufiyan Cement Company does not have the right to enter the
hydrogeological boundary to extract limes, and on the other hand, to prevent the water level from decreasing due
to the excessive extraction of lime as a result of the excavation depth reaching the level of the water table, it
suggests to extract from the unsaturated part of the aquifer (unsaturated limes) to prevent the flow rate of Chele
Khana Spring from decreasing and even drying it up.

Conclusion

Analyzing the discharge rate, electrical conductivity, hydrograph recession curve, and its recession coefficient
(0=0.002), revealed that the dominant flow in the system is diffuse, which results from the high density of fractures
and region lithology consisting of impure cretaceous limestone. Since the result revealed the inconsistency
between hydrological and hydrogeological boundaries, the geological profile of the site was prepared and the
spring of the catchment was estimated. Based on the findings of this research, the Chelle Khanehe Olya capture
zone consists of the hydrogeological area, obtained from the groundwater budget estimation, and the protective
boundary for the limestone below Cheleh Khaneh Olya Spring (the unsaturated zone of the area's limestones),
which covers an area of about 18 hectares.

Keywords: Ardabil, Cave, Electrical conductivity, Karst, Karst Spring
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Introduction

Crude oil is a complex combination of many hydrocarbon and non-hydrocarbon compounds, including heavy
metals, which affect the physical and chemical properties of the soil, cause the soil particles to stick and connect
and then cause the soil to become stiff and impenetrable. Contamination of soil with petroleum hydrocarbons is a
significant environmental problem, which has received remarkable attention in recent decades. Petroleum
hydrocarbons are resistantand hazardous pollutants. Some petroleum hydrocarbons such as benzene are mutagenic
and carcinogenic materials for humans. There are many physical and chemical methods to remediate oil-
contaminated soils. Phytoremediation is a relatively new technology for refining contaminated soils in which
resistant plants are used to remove or reduce the concentration of inorganic, radioactive, and organic pollutants,
especially petroleum compounds, from the environment.

Materials and Methods

Sufficient amounts of about 50 kg of soil contaminated with petroleum hydrocarbons were collected from
regions (0-30 cm soil depth) adjacent to the oil wells west of Kermanshah province. Uncontaminated soil samples
were also taken from sites at the lowest distance to the contaminated sites. The aim of this study was to compare
the efficiency of different plants to remove total petroleum hydrocarbons from oilfield soils. In this study, after
determining the total amount of petroleum hydrocarbons, the contaminated and uncontaminated soils were mixed
in 4 treatments with different weight ratios (0, 10, 25, and 35%). This experiment was established as completely
randomized design with 3 replications for 6 different plants (Barley, Grass, Alfalfa, Hemp, Camelina, and Vicia
ervilia). One treatment without plant was considered to remove soil matrix effects on petroleum hydrocarbon
concentrations. Plants were harvested at the end of their growing season (90-120 days). Soils and plant samples
from the experimental pots were analyzed for their important properties (including some physiological
characteristics of the plants, as well as the percentage of reduced petroleum hydrocarbons in the soils). The
gravimetric method was used to determine the concentration of petroleum hydrocarbons in the soil. After
measuring the properties of the soil and plant, the normality of the data was checked by the Anderson—Darling
test, and the homogeneity of the variance of the treatments was checked by using Levene's test. Analysis of data
variance was done using ANOVA and average data comparison was done using LSD test at 5 and 1 percent
probability levels (SAS 9.4 and SPSS 26).

Results and Discussion
In general, the growth of most plants showed a decreasing trend in proportion to the increase in soil pollution

levels. However, the growth decline rates of different plants were not similar. Camelina was very sensitive to oil
pollution and the plant could not tolerate pollution even at 10% level. After camelina, alfalfa was highly sensitive
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to oil pollution. The highest dry weight of the aerial parts of the hemp plant in the soil without oil contamination
was observed at the rate of 111.22 grams in the pot. The leaf area of all studied plants in contaminated soils
decreased compared to the control treatment (without contamination) so with the increase in the percentage of
contamination, the leaf area of the plants was significantly reduced. The highest amount of leaf surface was
observed in unpolluted soil and in the hemp plant. Except for the Camelina plant, which was completely destroyed
at different levels of pollution, the rest of the plants showed a noticeable decrease in growth. The total petroleum
hydrocarbons in soil were measured again 120 days after the start of cultivation, and its difference with the total
amount of petroleum hydrocarbons at the beginning of cultivation was determined as the reduction of petroleum
hydrocarbons and reported as a percentage. According to the mean comparison results, the percentage of reduced
petroleum hydrocarbons was not significantly different among cultivated and non-cultivated treatments, although,
it was significantly affected by soil pollution levels. Since all the studied soils contained natural bacteria and were
not sterilized, the eliminated part of petroleum hydrocarbons is probably decomposed and removed by native
bacteria in the soils. Therefore, the strengthening of native bacteria in these soils may increase the decomposition
and degradation of petroleum hydrocarbons.

Conclusion

The results of this research show that the presence of petroleum hydrocarbons in the soil caused a decrease in
growth and other physiological characteristics in all studied plants. Although the Camelinawas able to germinate
in soils contaminated with petroleum hydrocarbons, the presence of these pollutants in the soil prevented the
optimum growth of the plant, so its use in subsequent studies of phytoremediation of oil-contaminated soils, was
not recommended. The results showed that there is no statistically significant difference between cultivated and
non-cultivated treatments at different pollution levels, and the reduction of the total petroleum hydrocarbons in the
soil was probably done by native microorganisms in the soil. It is recommended to take into consideration the
efficiency of the plant species used, the type of polluting hydrocarbons, and the duration of contamination in future
research to obtain better results.

Keywords: Alfalfa, Bioremediation, Grass, Oil, Phytoremediation, Pollutants
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Table 1- Physical and chemical properties of the soil before cultivation

S Sand Silt Clay Texture P N EC pH OC CaCO3; Zn Cu Fe WMn
Soil % - mgkg! % dSmt - % mg kg*
29l 62.2 339 39 sandyloam 14 80 0.17 25 73 017 265 052 036 204 226

Non-contaminated
o.),ﬂ

Contaminated

615 34 45 sandyloam 28 60 0.18 5

6.65 0.18 145 0.34 0.28 23.16 8.6
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2- Levene’s Test

Py ¥ cdale boygs Jsb 53 agpe ¥ (VoY =Ye) Jolf g8

S g oas cutS) b llS acn el (o)l O b olyen 2y
Gl ¥ JIY ks cuis 0yg0 .28 )5 1,8 eolatwl 5y50 (oauis
039 55 ol yelate ds 0)93 (nl GLL Sl e 9 Asldl Jobo
(S gebitannsd s D)5 x> iy 51 S B S 00l guiictands o
9 s 59 ol 43 31,5 ke 4,5 BB (slod > el YV oo
Ol (o s Slgime 9 Sy o «Sjglen b Clao NS g
o (Diaz-Perez et al., 2006) o, Sa2 g 5,5L> oy 4 Sy
oy d SB gla pSeyin cdale sl gl S
cas s b e (Villalobos et al., 2008) (¢ sl S
e Bls 5l b S adgl e Hlade b dged pa 3l oa i gl Sl
3 e oy Aoy Goygody ] ialS g oS 4w lho
sl ls3le 5 5l eolaul b ol claosls ( alBisle] (slaa o0
a0 slab, 5 i el g 5lal 5w SPSS 26 4 SAS 9.4
VSl = ygu 1 yge5] 3l ool | b laosls Loy @e5) byl
(35 032 g A g0l 3l o2litol L los byl (1092 e
Jsls 03l 5l ool 1L by Silo 058,57 )5 fuloigay 555 3,90
L dalie doyd V9 0 Jlois! pdaws )> (LSD) Hly gime 35

3080 QLS 59l 9358 clie (S slaouYT 0
dadlas

o w g olS 45 p3U as ol LS oaly Luilylg 450 ol
oL ol Sl i oo Hie 2131 5 S
oSy g iy 5 glgn Pl S 5y Sy Ol s (slgie
s sinn 3 S 5 gy o) glars 3 48 3ol i)
(¥ Jgi) w392

9wo§)aﬁﬁgid]9buw;_&gd.§3bol_&@w
@ Lol ol s osmliin LudolS ol )3 Sy o (glgioma o yiaS
3 g 8 o S S 090 (o 5 5 0345 pglie (Sogll ks
9l Galiseo zobaw 3 1) Sy Ol (elgiome oy yieS dildglS oS ]
Ssime (559l o I3 S el 3 (1 Jpis) ol ol
A 4y Crns g8 oS g il LinlS cilisen lalS o5y U]
) S35 Ja 5 33 Y0 s b 50331 palin ool
(7 dgie) 2.

1. Anderson-Darling Test
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Table 2- The analysis of variance of data on physiological traits of plants

(MS) Sl yo (15540
S o df Sr ol o lyie ol S5 gy Ay S2b iy o olS glis) bl jhad
Sources of variance Leaf relative water ~ Dry weight of aerial ~ Dry weight of ) Plant Stem
Leaf surface . .
content parts roots height diameter
Sl £ glau . . - . - .
9 3 780.68 2623.92 45.27 254084.786 193557 135.99
Pollution levels
A5 &y 9878.03* 1478,58 9287 193897689 543957 204.95
Plant type
oS g5 x 59l sla
Pollution levels x plant 15 640.98 1377.98 1631 897338 Hpp53 946
type
Sloj] gllas
wElfr(j 47 9.64 0.73 0.10 92.978 0.96 0.22

o 45 gmo BMBINS 5 I dme Joyd gl 9 S paw D iy & * 9 *F
**and * significant at 1% and 5% and ns, not significant respectively.

OB Sjgladsye Clho p philejl bajles Jillie OIS -Y Joua
Table 3- Interaction of treatments on physiological traits of plants
o yliza 51,51 S o Ol o Glgome algd ol SWiS 59 A, SWA 59 S olS gli,) dBlw s

Interaction of Leaf relative water  Dry weight of aerial  Dry weight of Leaf Plant Stem
content parts roots surface height diameter
treatments Y ] >
o g/pot cm cm mm
0 93.04a 28.52a 4.93a 206.67a  53.77a 14.15a
P 10 92.15ab 17.31b 3.93b 159 b 43.88 b 10.32b
Barley 25 90.54 b 1420 c 3.82b 157.67b 4211 bc 6.07c
35 90.16 b 12.43d 3.51b 131.33¢ 40.11 ¢ 5.25¢
0 94.34 ab 18.73 a 1196 a 99.67 a 35a 17.80a
oo 10 95.70 a 13.51b 11.14a 73.50 b 335a 15.45b
Grass 25 94.24 ab 4.96 ¢ 3.64b 21.33¢ 21.83b 441c
35 93.15b 3.60d 1.85¢ 18¢c 12.02¢c 3.57¢c
0 88.62 a 0.87a 0.83a 15a 7.66 a 247a
459 10 86.91a 0.55b 0.45b 10.73b 741a 1.85h
Alfalfa 25 88.33a 0.14c 0.26 ¢ 6.93¢c 6.07b 159¢
35 86.92 a 0.08d 0.13c 45d 4.65c¢c 1.14d
0 87.09 a 11.22 a 7.93a 1272 a 43 a 9.64a
Slaals 10 82.85ab 0.69b 0.19b 19.33b 8.61b 1.80b
Hemp 25 79.06 ab 0.58 b 0.16 b 14.43b 6.13¢c 1.71b
35 74.93b 0.69 b 0.15b 11.17 b 7.5hc 1.30b
0 80.75b 3.80a 0.25a 28 a 15.61a 1.69a
g5 10 82.99 ab 2.99b 0.21ab 26.17 ab 15.08 a 1.65ab
Vicia evilia 25 84.17a 2.22c¢ 0.17 be 24.83b 13.99b 1.40 ab
35 80.33 b 1.54d 0.15¢c 24 b 13.40b 142h
0 72.78 a 6.29 a la 36.31a 33.2a 2.57a
Lol 10 Ob Ob 0b 0b O0a 0b
Camellina 25 0b 0b 0b 0b 0b 0b
35 Ob 0b 0b 0b 0b 0b

S5 0o yd B Jlass] pdaws )3 (gl gz MBI LSD (yg03l Jas 5l asliio Gy syl (slavpSilio ygia ym 4
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the LSD tests.
Pollution levels (C1 =0, C2 = 10, C3 = 25 and C4 = 35%)
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Table 4- The analysis of variance of data on the percentage of reduced hydrocarbons

Ol i @alio of (MS) &l po (pSile
Sources of variance Reduced TPHSs
;39” C?h“‘ 2 513.09 **
Pollution levels
ke 5 49.80 ns
Plant type
oS &9 T3l g 10 24.20 ns
Pollution levels x plant type
el sl 35 36.44
Error

o 45 gz BMBINS 5 I dxe doyd peiy 9 G o )3 i 4 ¥ g

**%

**and * significant at 1% and 5% and ns, not significant respectively.

Cage «SBy0 5 o asaad Dbl b g lidl elaads ) il s
Fole 4 9 lp ) dige) g odd (0950 Cullad S5 o0
gl o ol d 1 (slagy S g em

b g o o bao davay) plo & s lidl slaad
w28 (29,50 Cunen dawgh 5 Cullid sl 1) VL oy o
ol gyhgin) b 135S )5 (2950 Camer 9 ALS o0
Comsj 45 dw y 0,5 4 (Aprill and Sims, 1990) w1 0 ¢34
@hials Glals ady) b 5 oline g £95 S ad) (395 0395
5 350 Aol )0 g (2g,5we Callad W u S )0 doxigy g w8
Wl a3l 6350 i S D dgnge 85 slaodu YT Co B9

2 b S o 55 g 4 8 &S pl 4 a9 L
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e sSL s w050 S S uiren g a sl
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Oygo SB 3 3g250 oy S SL b 5 bae gy S50
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(Lo YO plaw) SB a5 L;lm.x;.l\ﬂ clle YL pdaw ) g
9925 ) SPoke Ul GlS plw & chd o2 9 >
@ LS pl &S ay el a il 8 claosn YT co 5
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Table 5- Interaction of treatments on the percentage of reduced hydrocarbons

oS g5 ;:,Ji Tobw dwo
Pollution levels percentage
Plant type 10 25 35
¥ 59.63 a 52.85 abcd 52.09 abed
Barley
o2 59.09 a 52.58 abcd 56.49 abc
Grass
s 58.64 ab 45.93d 44.04d
Alfalfa
Shald 58.48 ab 48.38 cd 50.44 bed
Hemp
bl 53.28 abed 48.92 bed 47.38 def
Vicia evilia
5 O 58.33 ab 47.67 cd 47.77 cd

Non- cultivated

Dl e )3 0 Jleis ] ey (6510 ime BB LSD L”o)‘] Sl alie By bl sl pwSiho eiw o 43
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the LSD tests.
Pollution levels (C1 =0, C2 = 10, C3 = 25 and C4 = 35%)
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Introduction

Land suitability analysis and land use mapping are one of the most practical applications of Geographic
Information Systems in land resource management. Complexities in soil have briefly limited studies on how it
functions (Karlen, 2008). There are many methods from different centers including food and agriculture
organizations (FAO), to evaluate land suitability. These methods are based on the characteristics of the land and
the needs of the plant. Soil quality indicatorsare a set of measurable soil characteristics that affect crop production
or the environment and are sensitive to land use change, management or conservation operations. (Brejda, 2000;
Aparico and Costa, 2007). As a result, there is a global need for environmental issues, improvement of soil quality
assessment methods for sustainable agricultural development and recognition of the sustainability of soil
management and land use systems. Until now, various methods have been used to collect data, measure and
evaluate soil quality, and laboratory analysis is the most common method, which has the advantage of being easy
to use and characterizing and the quantitative characteristics of the test on different soil quality indicators (and
Wang, 1998 Gong). Criteria for soil quality indicators should be a set of physical, chemical, biological
characteristics or a combination of them (Doran and Parkin, 1997).

Materials and Methods

In the present study, the qualitative assessment of land suitability was investigated using fuzzy and parametric
hierarchical analysis process models for the irrigated wheat and alfalfa crops. Soil characteristics, climatic
conditions, topography and accessibility were selected based on the Food and Agriculture Organization framework
and expert opinions. The interpolation function was used to plot values to points in terms of quality/ terrain
characteristics for the type of operation and the evaluation was performed based on parametric and fuzzy analytical
hierarchy process models. The process of evaluation is based on the FAO qualitative land evaluation system (FAO
19764, b, 1983, 1985), which compares climatic conditions and land qualities/characteristics including topography,
erosion hazard, wetness, soil physical properties, soil fertility, and chemical properties, soil salinity and alkalinity
with each specific crop requirements developed by Sys et al. (19914, b, 1993). Based on morphological and
physical/chemical properties of soil profiles some 10 land units were identified in the study area.Climate data

related to different stages of wheat growth were taken from ten years of meteorological data of the region (2007-
2017) and the climatic requirements of the crop were extracted from the Table developed by (Sys et al., 1993). An
interpolation technique using the ArcGIS ver 10.3 helped in managing the spatial data and visualizing the land
index results in both models for preparing the final land suitability evaluation maps. The FAHP method and
(Chang, 1996) method, which is a very simple method for generalizing the hierarchical analysis process to the
fuzzy space, was used in order to assign weight to the criteria through. This method is based on computational
mean of the experts’ opinion and the time normalization method and the use of triangular fuzzy numbers. A
pairwise comparison matrix has been made fuzzy based on the experts’ opinion and using the triangular fuzzy
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numb. After calculating the weights of the criteria in the present research through the FAHP method, the entire
criteria maps were overlaid through the use of the GIS function and the suitability maps were prepared for the
main criteria. The main suitability maps went through weight overlaying eventually and the final map of suitability
for wheat and alfalfa cultivation was produced.

Results and Discussion

The results of this study showed that the FAHP was an efficient strategy to increase the accuracy of weight
allocation to criteria that affect the analysis of ground fit. The inability of conventional decision-making methods
to account for uncertainty paves the way for the use of fuzzy decision-making methods. One of the drawbacks of
the AHP is its inability to account for the uncertainty of judgments in pairwise comparison matrices. This defect
is compensated by the FAHP method. Instead of considering a specific number in a pairwise comparison, a range
of values in the FAHP is used for uncertainty for decision makers. The present research method can be useful for
prioritizing lands, improving exploitation, conserving resources, and creating sustainable management. The results
of this study, considering the main criteria of cultivation in the study area and the opinion of domestic experts, can
provide useful insights into choosing the appropriate cultivation pattern in the region. The use of different fuzzy
AHP methods as well as comparing the results of different fuzzy AHP methods in future research is recommended.

Keywords: Fuzzy, Geographic information systems, Land suitability, Parametric
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Figure 1- Location of the case study area
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Table 1- Climatic and meteorological information of the region in a period of 10 years
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Figure 2- Main Rroads (a), Well and Waterway (b), Residential Areas (c)
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Table 2- Classification of Soils in the Region
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The shape of the earth Soil series Soil family
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o . e Haploxerept Fine loamy, Carbonatic, Thermic, Typic
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S . . . . .
Upper plateaus and terraces s Fine loamy, Carbonatic, Thermic, Typic Calcixerept
Kamarak
sl . . .
Ara)k Loamy Skeletal, Mixed, Thermic, Typic Haploxerept
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Mehrabad
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Flood plains Michan
| . . . .
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Gy byl slacdy sl SB Burgan
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Table 3- Land index values in land suitability classes (FAO
method)
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Suitability class Land index
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Table 4- Climatic requirements and characteristics for wheat cultivation in the study area
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coulBl Olasese ol Sl S 5ol by ye dalre
Climatic characteristics in%;rr?\aal\ttli(;n par"ame:riz The corresponding equation
grade
A5y e Sl a2y bwsie 15 95 R=05+1(15-20)
Average growth cycle temperature (C°)
Sl Ay A jo &y 42 )3 bagie
The average temperature of the vegetative 11.45 99.31 R=95+25.1 (X-8)
growth stage ("C)
(Pl e & 42y bawgte 19.68 98.55 R=95+6.0 (X-14)
Average temperature of flowering stage (°C)
b ey Sl 4253 e 25.2 93 R=95-+7.1 (X-24)
Average seed ripening temperature (°C)
olo (i p oo &)l dyd bawgio
Average minimum temperature of the coldest -5.2 00
month (°C)
olo (piaye S &)l 42> lawge
Average maximum temperature of the coldest 5.5 00
month ("C)
(32 o)) b (ool 3L — 80.67 Cl= Rmin*VR1.100+R2.100+..
Khaider climate index (second root)
R (oilil 20 — 97.4 CR=67.16 +9.0 * Cl
Climatic degree R
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Climate class
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Table 5- Climatic requirements and characteristics for alfalfa cultivation in the study area
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Climatic characteristics Climatic information Parametric grade The corresponding equation
20y S Sy 423 bowgie 20 85 R=95-2.5(X-20)
Average growth cycle temperature (°C)
s Cago 36.97 98.2 R=100-25.0 (X-30)
Relative humidity%
(pg> )] b (ooell 2L — 84.23 CI = Rmin*VR1.100+R2.100+...
Khaider climate index (second root)
R Goslil a0 — 92.47 CR=67.16 + 9.0 * Cl
Climatic degree R
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Climate class
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Table 6- The values of land indexes, land suitability classes, the preference values and classes by Parametric Crops
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Land class Land index Land class Land index
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S2 61 S2 73 KM
S2 73 S2 74 MA
S1 50 S2 50 ME
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Figure 6- Land suitability zoning for wheat and alfalfa production with parametric model in Arak plain
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Table 7- Fuzzy evaluation of the main criteria for Wheat and Alfalfa

Indicator Soil properties Topography Climate Access
SE clogat (1, 1,1) 1,23 (234 (234
Soil properties

S5 LLY)  @L23) (234

Topography
Ig 5 ]
1,11 1,11
Climate ( ) ( )
(s plawd

Access
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Table 8- Performance fuzzy analytical hierarchical process, for Wheat and Alfalfa

SRR
ol Fuzzy number s Jloys (s (y39
Indicator ol Ly YU Normalized weights
Down Center Top
Sbobogat (914936 042535 0.804701 0.464322
Soil properties
SS9 0.157591  0.308692  0.592107 0.35463
Topography
I’A_ 9! 0.061434  0.09753  0.193684 0.032187
Climate
(e 0.085069  0.168422  0.336179 0.148861
Access

)lro (5518 o0 dhuddus Jubosi aiaTyd 51 ol slagyz9 -4 Jgs
Table 9- Weights derived from performance fuzzy analytical hierarchical process for all criteria

oo Jloyi (539

Blxo 159 Wyl Normalized weights
Criteria and sub-criteria XV gy
Wheat Alfalfa
wlbuiss
Soil science
b 0.2 0.23
Soil Texture
22 0.22 0.3
Gravel
e 0.18 0.21
Soil depth
|
Josle 0.15 0.06
Percentage of organic matter
o9 0.05 0.05
(dS/m) EC
et 011 0.07
pH
SB odlal b jawd im0 0.01 003

The amount of usable phosphorus in the soil (mg/kg)
SB ool J:LQ wL; u‘)m

T . 0.05 0.001
The amount of usable potassium in the soil (mg/kg)
Salao,s 0.01 0.05
Percentage of Cacos
Sl osls 0.06 0.09
Compatibility index
G ny
Topography
b e 0.85 0.69
Slope direction
e 0.14 031
Slope %
St ol 0.001 0.00
Compatibility index
PL]
Climate

Average growth cycle temperature
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(eomige) gpmd gl 0.22
Relative humidity Alfalfa
o My dlyo )l 43 bawgie

0.23 -
The average temperature of the vegetable growth stage
P Al jo &l a2y bawgle 0.21 -
Average temperature of the flowering stage
Al sy )l a2y bawgie 017 _
Average seed ripening temperature
olo (353 JBli> )l )3 bawsgie 0.09 _
Average minimum temperature of the coldest month
olo oy oy Sl @yl an > lawgio 0.001 B
Average maximum temperature of the coldest month
S5 padls 0.01 0.0
Compatibility index
W D
Access
b sl b aluls 0.4 0.4
Distance to surface water
05 25 &l (i 0.32 0.32
Distance to underground water wells
ok bdsb 0.11 0.11
Distance to the road
ez S1ye U dlolé 0.1 0.1
Distance to population centers
ol sle 855 b ot 0.06 0.06

Distance to the cooperative company

il pasls 002 002
Compatibility index

Gl w5 Al b Colino o yd (wl! g (281 CewlS (gal dlb -+ Jgus
Table 10- Land suitability classes according to the percent of each suitability class

SOyl Joe FAHP Jue
2yl Gl s Parametric model FAHP model
Land suitability class TansS LY XY i axig)
Wheat Alfalfa Wheat Alfalfa
els 32 46 28 60
High suitability
elie 68 54 32 22
Suitability
ol 0
bogie sl 0 23 8
Average suitability
o el 0 0 15 10
Low suitability
el g 0 0 9 0
Unsuitability
& 100 100 100 100

Total
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Introduction

Conventional cropping systems, dependent on heavy application of chemical fertilizers, are not ecologically
and environmentally sustainable; they are a threat for soil and water quality and, in consequence, for plant and
human health. Nitrogen fertilizers are heavily applied in conventional leaf vegetable production systems to obtain
maximum growth and yield. However, the excess nitrogen tends to accumulate in leaf vegetables in the form of
nitrate, which pose serious human health hazards. Therefore, to supply nitrogen from non-chemical sources, such
as organic amendments, is a sustainable practice for production of leaf vegetables. Spent mushroom substrate
(SMS), which is the remaining material after the harvest of mushroom, is produced in large quantities (5 kg SMS
for 1 kg of mushroom) and is enriched with organic carbon, N, P, K, and micronutrients. Therefore its reuse as a
soil amendment not only provides essential elements for plants but also improves soil quality. Similarly,
incorporation of green manures, especially legume green manures, into cropping systems is a sustainable practice
for soil fertility and soil quality management. In this study, we aimed to investigate the short-term effects of two
soil organic amendments (spent mushroom substrate and alfalfa residues) and their combination, in comparison to
inorganic N fertilizer (urea), on soil fertility, and selected essential nutrients, and nitrate accumulation in a leaf
vegetable, test plant (spinach).

Materials and Method

A one-season pot experiment was led in a randomized complete block design with three replications in
experimental greenhouse of Bu-Ali Sina University. Treatments were comprised of two levels of spent mushroom
substrate (SMS-1: 2% SMS, and SMS-2: 5% SMS), two levels of alfalfa green manure (AGM-1: 1% AGM, and
AGM-2: 3% AGM); two levels of the mixture of SMS and AGM (SMS+AGM-1: 1% SMS plus 0.5% AGM; and
SMS+AGM-2: 2.5% SMS plus 1.5% AGM); two levels of urea fertilizer (U-1; 120 kg/ha, and U-2: 360 kg/ ha);
and control. Selected properties of the initial soil and both organic amendments were determined. Spinach
(Spinacea oleracea L.) was seeded as leaf vegetable, test plant in early autumn 2017. After ten weeks, spinach
were harvested and the aboveground and root dry weights were determined. Moreover, the content of NO3-, P, Fe,
Cu, Zn, and Mn in edible parts were measured. Soil samples were analyzed for EC, pH, total organic carbon,
available P and K, and alkaline phosphatase activity.

Results and Discussion

All soil quality indicators were significantly affected by the treatments. TOC was significantly increased in all
of the organic treatments compared to the chemical and control treatments. The maximum increase in TOC was
observed in SMS-2, SMS+AGM-2, and AGM-2 treatments, compared to the control (134, 130 and 107%,
respectively). A decreasing trend in TOC was detected in the high level of urea treatment (U-2) compared to the
control which can be explained by the faster decomposition of soil organic matter in the presence of higher

1 and 2- Ph.D. Student in Soil Science and Assistant Professor, Soil Science Department, Faculty of Agriculture, Bu-Ali
Sina University, Hamedan, Iran, respectively.
(*- Corresponding Author Email: m.nael@basu.ac.ir)
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inorganic N inputs. Both organic amendments (in both levels) and the higher level of urea (U-2) decreased soil pH
compared to the control. The initial low pH of SMS (5.6) and AGM (6.2), in the first case, and oxidation of urea
to nitrate, in the latter, may justify this observation. In contrast, soil EC increased under the both organic
amendments relative to the control and U-1 treatments. Moreover, the adverse effect of SMS on soil salinity was
greater than AGM due to the initial differences in their corresponding source materials (5.8 vs. 3.0 ds/m). Available
K was significantly increased in the second level of all organic treatments compared to the chemical and control
treatments. As for available P, all organic treatments, except AGM-1, led to the significantly higher P than the
chemical and control treatments. It is reported that organic materials compete with mineral particles for P
adsorption and increase its availability. Moreover, all organic treatments, except SMS-1, significantly increased
phosphatase activity compared to the chemical and control treatments. This could contribute to the mineralization
of organic materials and increase available P.

Spinach yield was affected by the experimental treatments. The highest increase in shoot dry weight occurred
in SMS+AGM-2 and AGM-2 treatments by 235 and 230%, respectively, compared to the control. Moreover, the
second level of all organic treatmentsas well as the first level of SMS plus AGM treatment significantly increased
yield compared to the chemical treatments. Spinach P content was significantly higher in all organic treatments,
except SMS-1 and AGM-1, compared to the chemical and control treatments. Organicamendments, by decreasing
the surface adsorption of P and increasing soil microbial biomass, promote the availability of P for plants. Spinach
nitrate content ranged from 265 (in control) to 7807 mg/kg (in U-2). According to the critical limit of nitrate in
spinach (4000 mg/kg) presented by European Union, only U-2 treatment led to over-accumulation of NO3". The
two levels of AGM treatments and SMS+AGM-2 resulted in the comparable amounts of nitrate as the
recommended amount of urea (U-1). A narrow variation in spinach Cu content (from 6.1 in SMS+AGM-2 to 9.8
mg/kg in AGM-2), all within the standard range reported for plants (5-20 mg/kg), was observed among the
treatments. Spinach Fe content was increased under all organic treatments relative to the control, although some
disparities were not significant. The lowest Fe was detected in U-2. It is reported that excessive N may diminish
root growth and, in turn, reduce nutrient uptake. Spinach Zn content varied from 44.8 (in control) to 71.5 mg/kg
(in SMS-2), which was close to the higher limit of standard range (20-50 mg/kg) reported for vegetables, but lower
than toxic concentration range (200-400 mg/kg). Spinach Mn content varied from 17.4 (in control) to 32.1 mg/kg
(in SMS-2), which was close to the lower limit of the standard range (40-400 mg/kg) reported for plants.

Conclusion

The most appropriate treatments in view of improving yield and soil quality (i.e., optimum TOC, P, and K; and
lower EC) as well as tolerable nitrate accumulation were SMA+AGM-1 and SMS-1 in decreasing order. These
treatments are preferred over the chemical treatments (U-1 and U-2).

Keywords: Micronutrients, Nitrate accumulation, Organic amendment, Soil quality, Sustainable agriculture
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Table 1- Initial physico-chemical characteristics of the soil, spent mushroom substrates (SMS) and alfalfa green manure
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