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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.

Keywords: AquaCrop, Blaney-Criddle, Plant model, Reference evapotranspiration, Turc
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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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2- The Soil Conservation Service Curve Number
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Figure 2- a) The graph of elevation versus precipitation for the selected stations and b) The location of the climate stations
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Figure 3- The discharge and electrical conductivity of the a) Chelleh Khanehe Olya Spring, b) Spring Sz, and ¢) Qanat (Q1)
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Figure 6- Hydrograph of a) Chelleh Khanehe Olya Spring, b) S6 c), S7 (g) and Qanat Q (d)
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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
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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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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

1, 2 and 4- Ph.D. Student, Professor and Assistant Professor, Department of Soil Science, College of Agriculture and
Natural Resources, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran, respectively.

(*- Corresponding Author Email: jalalian@khuisf.ac.ir)

3- Associate Professor, Soil and Water Research Department, Isfahan Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education and Extension Organization (AREEO), Isfahan, Iran


https://jsw.um.ac.ir/
https://doi.org/10.22067/JSW.2023.78892.1205
mailto:jalalian@khuisf.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir

VPo¥ Clgu ol — (30958 O osleds FY wlr (S g T 4,05 ¥F

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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Table 1- Climatic and meteorological information of the region in a period of 10 years
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Table 2- Classification of Soils in the Region
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Table 3- Land index values in land suitability classes (FAO
method)
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Table 4- Climatic requirements and characteristics for wheat cultivation in the study area
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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
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Table 5- Climatic requirements and characteristics for alfalfa cultivation in the study area

u“ff@, dlh)l.g u"ﬁﬁ' SleMb! ‘S_:);‘,I)L; a0 4]993;» Adlze
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
et 2 s1

Climate class




[T I\ FUWW e g PR S R S E PRUC-IP UK SUPYRL i RPICYPR LR N [ PV 1t

Y gase g S pel )l (9,4 ¢ 00yl ol WIS (a0 pad L g5l —T1 Joua
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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
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Table 8- Performance fuzzy analytical hierarchical process, for Wheat and Alfalfa
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Table 9- Weights derived from performance fuzzy analytical hierarchical process for all criteria
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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
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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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Table 2- Mean comparison (+ standard error) of selected characteristics of soil affected by the experimental treatments

W los & s Bl SapST el jhad Sl Colad ol
Treatments Tot;llrobrgr?mc pH EC P Phosphatase activity K
(%) (dS m?) (mg kgt (ng pNP g* h) (mg kgt
Control 132¢e 76a 0.19f 150f 73.9d 295.8 de
(+0.34) (+0.02) (+0.02) (+0.64) (+12.13) (+15.23)
SMS-1 2.20¢C 71c 0.70¢ 25.8¢ 100.8 cd 4255 ¢
(+0.02) (+0.19) (0.06) (+4.21) (+39.48) (+25.00)
SMS.2 3.09a 6.9¢ 1242 45.7a 239.8a 824.4a
(+0.11) (+0.08) (+0.03) (+1.62) (+44.21) (+47.13)
AGM-1 1.86d 7.3b 0.25f 20.1de 146.8 bc 395.6 cd
(+0.09) (+0.12) (+0.01) (+3.95) (+8.11) (£35.02)
AGM-2 2.73b 6.9¢ 0.39 de 24.8 cd 169.1b 571.7b
(+0.10) (+0.05) (+0.01) (+1.06) (+56.58) (+32.05)
2.11¢c 71c 0.45d 22.4 cd 139.1 be 385.6 cd
AGM+SMS-1 (0.10) (£0.28) (£0.02) (+2.8) (+38.84) (+109.85)
3.03a 70¢ 0.90b 32.6b 181.1ab 601.7 b
AGM+SMS-2 (+0.07) (+0.05) (+0.05) (+3.24) (+41.40) (+64.11)
U1 1.44¢ 75a 0.20 f 14.0f 68.5d 262.6 €
(+0.09) (+0.01) (+0.01) (+2.13) (£22.91) (#51.17)
U2 1.18¢e 6.8¢C 0.34e 15.7ef 66.8 d 335.7 cde
(+0.05) (+0.11) (:0.00) (+1.68) (+18.09) (+81.22)
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Similar letters in each column are not significantly different at the 1% probability level, using Duncan’s Test. SMS: spent
mushroom substrates treatment at two levels of 2 and 5%; AGM: alfalfa green manure treatment at two levels of 1 and 5%;
AGM+SMS: combination of alfalfa green manure and spent mushroom substrates at two levels of 1.5% (0.5% alfalfa green

manure and 1% spent mushroom substrates) and 4% (1.5% alfalfa green manure and 2.5% spent mushroom substrates) U: Urea
chemical fertilizer treatment at two levels of 120 and 360 kg/ha; Control: benchmar
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Table 3- Mean comparison (+ standard error) of yield (g/pot) and concentration of selected elements (mg/kg plant dry
weight) in spinach affected by the experimental treatments

Sl bjg S 09 )
Lo g ol ady, S5 s <l o o2 P &89
Treatments Shoc_:t dry Roo_t dry Total P NO3 Cu Fe Mn Zn
weight weight
(9/pot) (mg/kgDW)

Control 1.38e 0.35¢c 714.5 be 2653 ¢ 6.8b 275.6 cd 17.4e 448¢
(20.31) (£0.01) (£16.60) (£7.08) (£0.49) (£5.31) (£0.05) (x0.51)

SMS-1 2.41cd 0.67b 779.3 bc 4632 ¢ 7.0b 351.8ab 25.2¢ 60.4 ab
(20.22) (20.06) (£49.66) (73.7) (£1.00) (£30.9) (£0.56) (£6.73)

SMS-2 3.19b 0.80ab 10717 a 1364.3 ¢ 7.3b 3839a 32.01a 71.4a
(20.37) (£0.11) (£73.20) (£242.4) (£1.95) (+38.78)  (+1.38) (x11.17)

AGM-1 2.70 bc 0.44c 769.4 bc 4941.2b 7.4b 349.7 ab 257¢ 50.2 bc
(20.29) (20.02) (£27.5) (£880.1) (£0.08)  (+20.15)  (x0.52) (x0.32)

AGM-2 456 a 0.68 ab 817.7b 4536.5b 9.7a 3845a 27.1b 58.5b
(£0.29) (20.08) (£18.27) (£588.4) (0.71)  (£56.22)  (+0.43) (£7.66)

AGM+SMS-1 3.06b 0.64b 905.1 ab 915.0¢c 6.1b 314.6 bc 179e 51.4bc
(20.31) (£0.11) (£132.58) (£121.1) (£0.20) (£3.17) (x0.82) (£6.45)

ABM+SMS-2 4.62a 0.85a 1086.4 a 5835.6 b 6.9b 313.8 bc 21.2d 53.9bc
(£0.51) (20.17) (£34.13) (£1082.5) (£0.64)  (£36.34)  (+0.98) (+8.48)

U-1 2.26 cd 0.40¢ 605.7 ¢ 4544.5b 7.76b  309.1bc 18.3¢ 49.3 be
(£0.02) (20.07) (£231.1) (£1309.1) (0.52)  (£23.22) (x0.24) (+4.62)

U-2 2.06d 0.34c 609.4 ¢ 7806.8 a 7.48b 228.0d 21.4d 53.3bc
(£0.23) (£0.04) (£52.6) (£1151.3) (£0.55)  (#19.51)  (+0.52) (+4.87)
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Similar letters in each column are not significantly different at the 1% probability level, using Duncan’s Test. SMS: spent
mushroom substrates treatment at two levels of 2 and 5%; AGM: alfalfa green manure treatment at two levels of 1 and 5%;
AGM+SMS: combination of alfalfa green manure and spent mushroom substrates at two levels of 1.5% (0.5% alfalfa green

manure and 1% spent mushroom substrates) and 4% (1.5% alfalfa green manure and 2.5% spent mushroom substrates) U: Urea
chemical fertilizer treatment at two levels of 120 and 360 kg/ha; Control: benchmark
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Introduction

One of the most fundamental global environmental challenges in the past two decades has been the issue of
soil pollution and degradation. Soil, as an important environmental element, has played a significant role in food
production, human health, and living organisms, but various factors, by both human and naturally have destroyed
it. The exploitation of natural resources with activities such as mining and quarrying, as an anthropogenic action
(caused by human activities), is one of the most important factors of human intervention in nature and also one of
the environmental hazards of soil degradation, which has caused the spread of desertification. Sangan iron mines
in Khaf city are the largest mines in the northeast of Iran. According to the geomorphological disturbances caused
by the activity of Khaf iron ore mines and the geological composition of the region, there is a potential for causing
pollution and destroying the soil around the mine. This research was conducted with the aim of evaluating the
impact of mining activity on concentration of some heavy metals such as lead, iron, nickel, copper, and arsenic in
the soil around the iron ore mine in Sangan area of Khaf city in Khorasan Razavi province. Realizing the polluted
hotspots due to the concentration of heavy metals, as one of the important signs of soil pollution and the spread of
desertification, is one of the goals of this research, and the results can be effective in making appropriate
management decisions to prevent soil pollution and further destruction.

Materials and Methods

In order to conduct this research, 60 soil samples were systematically taken from a depth of 0-20 cm from two
areas adjacent to the mine and control. The concentration of aqua regia extracted heavy metals was measured using
an inductively coupled plasma-optical emission spectroscopy (ICP-OES). In the first stage, the results were
descriptive, and in the second part, after performing tests related to the normality of the data, they were inferential
using the parametric independent t-test and Pearson's correlation coefficient in the statistical environment of the
SPSS software. In order to quantify the level of soil contamination with heavy metals, geochemical indices
including contamination factor, pollution load index, and enrichment factor were used. The pollution load zoning
map of the area adjacent to the mine as well as the average enrichment map of lead and arsenic elements were
prepared using the inverse distance weighting interpolation method in the ArcGIS environment.

Results and Discussion

The results of this research showed that the average concentrations of arsenic, copper, nickel, lead, and iron
elements in the area near the mine were 12.71, 25.54, 34.59, 48.64, and 38860 mg/kg and in the control area were
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8.57,15.97, 32.13, 16.96, 29110 mg/kg, respectively. The comparison of the coefficient of variation (dispersion
criterion) of heavy metals showed that the highest coefficient of variation among the metals is related to the lead
with a value of 42.8%, as well as the coefficient of variation for other metals in the area adjacent to the mine also
has a relatively high dispersion compared to the control area. In addition, it was found in all elements except for
nickel (p<0.05), which indicates a significant difference in the average concentrations between the control area
and the area adjacent to the mine. The correlation between lead element and nickel, copper and arsenic variables
was inverse and there was a positive and very strong correlation between iron and copper and nickel with values
of 0.8 and 0.76 respectively and nickel and copper with values of 0.82. The pollution coefficient of the lead
elements in the area adjacent to the mine showed moderate to significant pollution levels, which is more polluted
than other elements. The pollution load in the area near the mine showed that the value of this index was greater
than one in the samples closer to the mining areas, which indicates the high contamination of the surface soil with
these elements. Lead and arsenic elements in the area adjacent to the mine showed moderate to relatively intense
enrichment. From the examination of all the pollution indicators used in this research, as well as the positive and
very strong correlation between copper and nickel, the presence of these two elements in the soil of the study area
showed no pollution. The comparison of the results obtained from the analysis of soil samples in the two areas of
the control and adjacent to the mine showed an increase in the concentration of heavy metals (iron, lead, and
arsenic, copper) in the area adjacent to the mining.
Conclusion

The results obtained from the analysis of soil samples and pollution indicators in the two control areas adjacent
to the Sangan iron ore mine in Khaf city showed that the presence of iron ore industrial and mining sites in the
study areaand the spread of its wastes and tailings by seasonal and local winds, as well as the activities of humanity
and the spread of these pollutantsto other areas, can be one of the main reasons for the increase in the concentration
of metal pollutants in the soils of this region.

Keywords: Desertification, Human activities, Heavy metals, Soil contamination indicators
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Figure 1- Location and soil sampling patterns in the study area
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Table 1- Classification of soil Contamination factor values (Hakanson, 1980)
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1 - Pollution Load Index = PLI



\f'T%é)l—w.é)gﬁ‘\o)wxv..\l?‘dlﬁsgidﬁj&s AY

(Sutherland, 2000) Suui & 195 slao g (5591 dn )5 gy 03, -F Jgua
Table 2- Classification of the degree of pollution based on the values of the enrichment factor (Sutherland, 2000)
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Code &5 A B c D E F
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Table 3- Descriptive statistics of heavy metal concentration in the soil samples of the adjacent area's mine
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Table 4- Descriptive statistics of heavy metal concentration in the soil samples of witness area
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Table 5- t-test to determine the significance of the difference in the average concentration of heavy metals in the adjacent
(experiment group) and witness (control group) areas
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Table 6- Linear correlation coefficient between variables in the experiment group
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Introduction

Monitoring the changes in physical and hydraulic properties and stability of growth media due to root growth
effects and wetting and drying cycles is important. Wetting and drying cycles can probably change physical
characteristics, availability of water, air and nutrients for the plant and, as a result, might affect the growth and
yield of the greenhouse plants. The growth period greatly affects the physical characteristics of the growth
substrates; therefore, the watering of growth substrates should be managed according to these changes to avoid
improper irrigation.

Materials and Methods

In this study, 14 growth media were prepared from individual substrates with different volumetric ratios. In
order to evaluate the changes of growth media over the time (i.e., during consecutive irrigation events) in the
greenhouse, 10 wetting and drying cycles were applied on the growth media in the lab. Several physical indicators
including easily available water (EAW), air after irrigation (AIR), water buffering capacity (WBC) and water
holding capacity (WHC) of the growth media were determined before and after the wetting and drying cycles.
Besides, the subsidence, decrease of mass and decomposition of the growth media were determined over the time.
Total porosity (TP), bulk density (BD), particle density (PD), pH and electrical conductivity of the mixtures were
measured as well.

Results and Discussion

The pH values in the growth media varied from 5.72 to 6.94. The maximum pH value was related to sawdust-
sugarcane bagasse biochar produced at 300°C vermiculite-zeolite, and wheat straw-vermiculite substrates, and the
minimum value was related to the cocopeat-perlite substrate. The values of EC in the growth media varied from
0.21 to 1.43 dS m™. The highest and lowest EC values among the growth substrates were related to date palm
bunches-vermiculite-rockwool and rockwool (0.2)-perlite substrates, respectively. The bulk density (BD) values
of the growth media varied in the range of 0.163-0.401 Mg m. The values of total porosity (TP) of the growth
media varied in the range of 64.8—-82.8%v/v. The highest TP was related to the cocopeat-perlite substrate. The TP
values of most of the substrates were greater than 70%v/v. The average values of EAW in the growth substrates
ranged from 0.123 to 0.272 cm® cm™3. The highest EAW was related to the sawdust-sawdust biochar produced at
500 -C vermiculite-zeolite substrate. The application of wetting and drying cycles increased EAW in most of the
growth media. Therefore, it can be stated that the time had a positive effect on the EAW in most of the growth
media. The average values of AIR before and after the application of wetting and drying cycles for the growth
media varied in the range of 0.063-0.240 cm™3 cm?®. The highest value of thisindicator was observed in the sawdust-
date palm bunches biochar produced at 300°C vermiculite substrate. In all substrates (with the exception of the
sawdust-sawdust biochar produced at 500°C vermiculite-zeolite), the AIR increased after wetting and drying
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cycles. The range of WHC values before and after applying wetting and drying cycles was 0.453-0.699 cm® cm3,
The highest WHC belonged to the wheat straw-vermiculite substrate. The WHC values of five growth media,
including cocopeat-perlite, decreased due to the application of wetting and drying cycles, and the WHC values of
nine growth media decreased. The most stable substrate after the wetting and drying cycles was rockwool-sawdust-
vermiculite. The effect of time on the quantity of WBC was positive, so that with the application of wetting and
drying cycles, the WBC values of most of the substrates increased. In all substrates, subsidence and dry weight
reduction were observed after the wetting and drying cycles. These changes were low for the substrates with a
high volumetric ratio of inorganic materials. The least change among the growth substrates in terms of
decomposition (dry weight reduction) was related to the completely inorganic substrate rockwool (0.1)-perlite
(%0.17). The most stable substrate in terms of subsidence after wetting and drying cycles was the rockwool-
sawdust-vermiculite, which has a large volumetric ratio of individual inorganic substrates. The highest subsidence
was observed in the substrates containing wheat straw (wheat straw-vermiculite and date palm bunches biochar
produced at 300-C wheat straw-vermiculite). The organic matter content in all the growth substrates decreased
over time (after wetting and drying cycles). The decrease of organic matter in the substrates can be related to the
decomposition of organic materials as a result of wetting and drying cycles.

Conclusion

The BD, TP, EAW and WHC of the majority of growth media were in the optimal ranges and for some mixtures
even better than cocopeat-perlite. Wetting and drying cycles could affect the growth media through several
processes such as decomposition of organic compounds, displacement and rearrangement of particles,
fragmentation of particles, shrinkage, hardening and subsidence. The growth media with a high percent of organic
substrates were unstable as compared with those containing a high proportion of inorganic substrates. In general,
the wetting and drying cycles increased the frequency of micropores in the growth media. The wetting and drying
cycles positively affected EAW, WHC, AIR and WBC of most growth media. These findings imply that wetting
and drying cycles may improve the growth media according to the studied extensive variables. However, it is
necessary to study the intensive variables such as hydraulic conductivity, oxygen diffusion and pore tortuosity in
the growth media for better evaluation of the impact of wetting and drying cycles as well.

Keywords: Air after irrigation, Easily available water, Growth medium, Water retention, Wetting and drying
cycles



S g ol a4 pid

https://jsw.um.ac.ir b
RF A

QB-NY .o NPT Cliguudyl - 00598 ) o lods Y ol

9ol al 2 A b s (S5 s et S DAESES 5§ slaeygs
Lot

r‘_;)‘.l.o.bqfi w—*“jw L.b) M—“.;JMUB CJAL&
A CRVAV/VA § BHGIEI PR '@)U

VBN Y 1 S5k b

L CAVARVAL SRR A IC

CRVCES

& oMb iS5 5 slhoygd g ddiyy by Sl 53 oS (Slis > 4 ol S (e 3 bty o)ll 9 (S5 Sl SRy Sl (o 50

S (TP) U8 Jsdss bl s .50 a5 4Bl dlge 5l ez Calisto (glaciuns b (ouS 5 by pian VP Limgh ol )3 Cusl (6)g 0 cdld oo
bt Ly 53Ls MolS o B 3 g 0 6 y:S0jI] ) (gl gty 13 (EC) Syl by 5 PH (PD) Lisi> Js (BD) ¢l
2 (395 A 3915) (b Sits g 5 Jlste 0)93 Ve (SIS (slacutS )3 (lsto slacs)lel) (loj b3S b 4 ) (o s Sl (g2 pslite
ol Jold (Sg)hem g (030 2o slopails )90 (3T Jloel Jl g 5 (08 Sis 5 5 (sloojgd Jlosl 5l g 1 Jlosl 1) (gl e
i > (WHC) o csligSs pinlxS g (WBC) ol (58b pinlxiS (AIR) (o)l 51 Gy 2l pabxS (EAW) o yiod JB L]
b B 3 alefl s ol kd el lej S8 35 L s 1 ole 2138 liee g 2 GO o 3 s S e (e D (e
cbaialy 15 i ) by 381 ,0 WHC s EAW TP BD polis i Julos g o5 ook s MolS 4l gyl b loj j3 0 3,5 (slae S
o 8 Sl yiay g (8 Sl g 5 slaoyes Jlosl kg yiag (b plaie &) Sl pmCasSsS ps jIlse Sl (B 3 (9 39 olas
b sl s 3l L5 ol bs ol ot g oy obil ¢ game 9 JT D ad 5,3 ld (i)l s g (53,95 e o Jl dlge 4o
JH55 3 e Gl s (MBS 5 5 (slaoyg Jlasl S pobo gy ame LI b s (sl ) )l JT slge args LB oo
o 9 &S b Ad ) sloyins wSTWBC s AIR WHC EAW (sl 59 » cute 5 boyed cpl it dd y (slo s )0 53, 38l Slols g
sl 4251351 55 e (g o (ot olusl 2 (abSKtS g 5 (glooygd) loj S b sy (ol s dgute ySoliy 4Bl (nl b ] il
sl (938 ju by (sl ptany )3 3Lo glrgel g (5T (SheiSy ((Sdgyden Colin diile (Gad sl yuie 2 Woyed (Sl oy p e (b))

Gl 3l e lop il ol g JibaS (1 Sis 5 5 glbeyed by yiuw cpwyiand BB Slul 4 Ol 168" gWojlg

dl.bb)9.) Caw] 6)9).;0 S’Lolf :..\.D:.)L;c C) u..\w t_iw>9 )J dl.bab)s.)
xSy g al.:.f LS])'.’ u.s‘J& )_.ol.l.r- 9 l}(b “,j u,ml)s ‘u.i.t)ﬁ
Ol 3l o iag 258 Jyame b 5 olS 5 )Sles o 0, ials
Sy (38 sl Shg p(60b; e U ad) 0)e0 4 Wlosls
by (sl yis 6yl Cu e )3 b emlplis £))35 oo 3t a3

doddo

olis ool @ty (a5 5l pSsla sl )bl ca e

rolie g OlogeS a5l G o] 31 )3 olS slagjlow ¢ 2l
ml RERAY LSLQ)_W B ‘°L.'.§ LS))QJy)»S u,u.».’ OM— 9 U;Lxs
Sgphed 9 (b sla Shg Olpsd ) p oplplo o)l Sl

Ayl ool (lpbol o oKl (g5y9liS 018l S pole 09,5 loliul g s )l ki )l s gel 531> iy =¥ o ¥ o)

DOI: 10.22067/jsw.2023.79577.1226

(Email: mosaddeghi@iut.ac.ir (s 2y g5 —)


https://jsw.um.ac.ir/
mailto:mosaddeghi@iut.ac.ir
https://doi.org/10.22067/jsw.2023.79577.1226

VPo¥ Cadigu oyl = (3305958 o o3lods MY ey (S g ol w,i QA

&bl g olej ,35 I (Cannavo et al., 2011) o, Ken ¢ 59bl8
Pl el ol ol 038 0 peiSiaus | Cug b ) s 1)
ialesl bl 53 00l plogl b8 it S gl gk STL 15 9
i A olS S el g ST L gla i 5 Ol GBS
O)Keon g Juigo g ol adgl yolie 5l 5 5wl VA g V/YY
g =V b ol b ey wiy i 93 (Michel et al., 2011)
3303 JL3 (yr 3)90 (o )35 )3 1) S 5y oo VoY
oS 5055 50y 38le g o8 Cyd Bl 59, V) e SIS I ey
5 i BB O S 5 bl gy Gl o] (s
g Cwpdlio (pizmen S92 i 93 3 sl o5 S5O
Jlesl a8 65,8 oan i (Safadoust et al., 2012) |, Ko
Cagby Gl 9 S5 g 550 dbml cow (A5 S35 glaeyg
a5 SB s gl

Sl B 5150 a8 cl opS g dsdiie ol losle jlagen
25— 5 (i g bamo 53 ST olge (aliar—dge
o 38 o celmosilo Bl csn Atle cilisee T elaosilo
35 ol Jlrgn Mg sl P 65ygliS slaorile BL 4
whod 5 (S5 sld Sy (Abrishamkesh et al., 2015)
5 ko 2atd (sl odliiwl 3)90 adgl b oole g5 4 (05 g
@)l (S (o 9 lod Gl 25 jelgym slod) gy Ll
polie Suislon 9 plor—d 2325yl 53 )lgn (S 5k
oyl g 51 ooltiiw] s cawlio (35,8 a5 (sl plplo 5 000
e g (olal )l Gl gl el o)
Sy 2ile pdbaaogidlge (3Ol L SE (g Ay (slayin
cel by cdl b )l an 9458 (Massa et al., 2019) ¢!
9380 a8 Jls )3 g o Ay ol i Of ciilsaSs )l
9 858 il el cdpy 3555 b alie sy 8L L g
Wl (6505 blje slagm ol p ogMe 9o byt (23lgn
sty PH (3905 3L 5 (CEC) (59518 Jols (bS]l
o ol sllie plas o) e )05 (sl S 4y 2 bloeo 3
o e 4 sy o] o Shag g Com s st 2 ) s S i
; Banitalebi et al., 2021; Banitalebi et al., ) ¢l ojlate
(2019, Nemati et al., 2015

CblS L lagl slo Shy oS 35, 65 eyt LIS b
e dLmCAAlf 2 L&s‘_’j )'1 ddsxe o3l | Ol&ol 9 osle )I..\:{L; OLo)‘
Sloasld by (6l i wree S Shg jl 33,5 @l LIS
5 slooygd Sl Gimgs cul )3 cnlplly s ased g Ol eSS
2y glo s ) 385 5 ol CbligS slopadls p uBSUS
31 Ysare g i3 (glodle S wpiy dd )y gllIS @I)

S5l s Lol (o)l 51 29 55 w08 Slyis ol 4 428
Ly s 6)lub g cuaS (Michel and Kerloch, 2017) >4
0352 38Lio 9 3 031l gy diile (] (Su5d slo Sy L lasiye
d91c0 il IS gl 2)J35 oo Sl Ism g o Jols 50,85 88
wf))l)Jcm_bwLAoLfm)d‘);dSqumw)m
3 ) 5l ey e b38 bl pials anl s pis s 4 ol
o g o o adly alS i lgp 035 W) s
4355 (Bures et al., 1993) 55, clasjlul 4 ol o ds s
Nash and Laiche, ) JT slge (slapud (S5 aishis o JI dlge
5 sl (Briickner, 1996) bs yiw s Siis 9 (oLl 4 (1981
b Sy o Jilie so5l51 Lials &4y oo logas syl b ol coles
g sl il glayges SIS b ) 6l iy WBlis gojlail zals
Sildyg 5 o6 bt wlwl bl o il Ol sl
2 sl g5 Jxdso laie (De Boodt and Verdonck, 1971)
3 S @ oinlejl Eapi 5l ole dw oy cus 35 L sy (gla yians
o5 luses S5 Ggr el pials olS u) gl age polie
Sl 5 s Jsdss LaalS wel ol o olS A LialS
el s CuaS g oaims o lis O cusligSs

5 seysd 5l (Michel and Kerloch, 2017) z4),S ¢ Juise
by g 2 (Sgyhen 5 (S3b la SRy p ) oMb iS4
O Sis 9 55 slroygd &S sl obis Laa"j ks .Jja)f )y
A5 ) s (Sgyen 9 (S5 S Shy e 3 ol i
9 S o> 1S o) le (SS9 5 slaoygd S oo i
Sste b 4 lp 5 Gl ol 5 b eSS dgua s dBlis ol
1o ey 38o glagel 22l 5 lgm 9 Ol ol 29m0 dilis Jlua]
Caronet) oL,San g (49,5 B olail oloj b dunylie jo A
ooy SIS |y iy (glaysgs Jsklss a8 wisls i (all., 2010
9 i e oS5 > &2 Wlgign S pl Moo S
J—iwe 5 g9 S 5 (Allaire-Leung et al., 1999) ),Lea
U8 ol el izl (Kerloch and Michel, 2015)
6l s (gl s Sid 5 5 sleoygn 31 1y Ve hPa G sl
CS 53 S gy dile S )3 0lge (g ki) IS S b 0,
3l g B e LS5 B 5 Cer BL S

Jbe Jlesl 5l w (Turunen et al., 2019) -, Sen ¢ p)es
o) Cap 9 9y S sle Co (Sl s pp ABSES 9 5 0593
Seple (A0 13 (yp 3)90 (Sl yiou dod gl oS 008 o
Cag 53 Dol gl JialS (1Sl yob 4.l ials™ )+« hPa
Dy d o V0 g VA XY iy o Cay g yibyy Cu o wle

1- Subsidence



A Sl g slagm al 2 by 6 s (S jud SLASLE (B 2 (aBSES 3 5 soygd STy K0d g 6y guainnld

093 lael) g2 325 28 & (oS 5y V¥ Jold ol

H(Am3 0 L3 |y (oS 5 A8 s 53 030y (0> o

yi—w) (1Y) (Perlite) cuJ  + (+/A) (Cocopeat) cuyS'sS™ ()
(wls

(-/2) (Perlite) culy + (+/)) (RW) Kooty (¥

(+/A) (Perlite) el ys + (+/7) (RW) Sty (V¥

(+/7) (V) cdgSaopg + (+¥) (WS) pus o5 (¥

Yoo glod Loy adgs Jlgn + (+V) (Rh) 5 Sl anwgy (0

(+/A) (V) cds8anyg + (+/V) (PIMB300) yogmuuskes 4> )
(+/3) (WSB500) jwgemls dsy3 B+ v (slod puiS o8 jlosn (£
(+150) (V) calgSansg + (+/¥0) (RN) o S5 agy +
a0 gy o) SB s g+ (1Y) (SA) o)) SB (VY
g3+ (1Y) (V) edsSeops + (+17) (SUBBOD) ogumLes
(-1¥) @)
Voo lod boyd a_Bg5 jlo g+ (+/F) (Sd) o)) S (A
(19) (V) lgSnsg + (+1¥) (PIMB300) (pogenls
(+/0) (V) cdgSiaeyg + (+1¥) (WS) poiS o5 + (+/Y)
a0 ld o) SB jlagu + (</F) (PIM) Loys aigs (Ve
(+/¥) (V) cdsnyg + (+/7) (SABS00) Ly gpmndes
dpYer lod S i wBL Hlgo + (+/Y) (Sd) o)) SB (VY
gy + (+I7) (V) cdgSaeys + (+17) (SCB300) Lyogimales
(+/v)(2)
Sy + (+I7) (V) cdgSaopg + (+1F) (PIM) Lo 3 as 5 (VY
(+/¥) (RW)
CdgSanyg + (+/F) (Sd) o)) S+ (+/Y) (RW) Koy (WY
(+/%) (V)
CpsSsS + (V) (V) cdsSnyg + (+/F) (PIM) Loy aigs (VY
(+/¥) (Cocopeat)
2 by (gl s angs (gly slinl Glyd ojlal 5 diges gy Ke
NG N R PREN

sy Sl s Jgano LA (S5 9 s puSe I

V0 oo s o)las > Ay (gl EC 5 pH y0lie
$oEC g yiopH (sloolKi s oS a9 sy i tyladie I )
S S Ay digad Il yolate cpl (gl i (g S0l
93 5950 L 9 5 0300 )13 5 des oS 2 YY MPa G Slo
A S ) Nidg 4i8)S )8 SISy g9y 2 oS ik

3- Rice hull
4- Date palm bunches
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Table 1- Sampling location and particle size of the used substrates
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1- Kerosene method
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4- Water buffering capacity
5- Water holding capacity
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1- Sandbox
2- Air after irrigation
3- Easily available water
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Table 2- Results of analysis of variance for physical and chemical properties in the growth media

Source of variation Df Mean squares
pH EC BD PD TP
Gromf;)n:#;dium 13 0.37"" 0.30"™ 0.014™ 0.173" 84.18™
s
Error 28 0.04 0.0007 0.00004 0.0019 2.015
“g\‘;’(:;)"‘o - 354 216 2.98 4.96 1.92
0

JS Jsdss TP s J&s PD (g ol J&s BD (S sl SUly (EC sl o/« il mdaw 3 )b dxe 51 Sy s
** stands for significant effect in the probability level of 0.01; EC: electrical conductivity, BD: bulk density, PD: particle density, TP:
total porosity.

Ay gl iy 5l oslaiw! o]l (Awang et al., 2009) cus! &
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4 ad) Sl om P EC polie 0 568 5 (ke 9
(Awang et al., 2009) cusl o445
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P sl iy 0 PH polas s T &Y Jods 0 ad
boiyo cudy d PH Jlude op 5 i g uite O/VY—5/AF alol
bgiye jlade oy 50S s WS-V 4 SA-SCB300-V-Z (sla yies 4
5 b s b as (Y Jois) 55 Cocopeat-Perlite yus 4
PH polis o)l Jlssea (Banitalebi et al., 2021) -, .on
b e > & )l gy (ool 4y (o yi s Sl
J oS agh plo bw 5 a5 23 b Alg o0 00 M5 slajlogn
Banitalebi et al., 2021;) ,LSen 5 oJlb s alon
Ay polie .ol o 5135 ;.5 (Banitalebi et al., 2019
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Table 3- Means’ comparisons of physical and chemical properties among the growth medium

) lb &
Sy g @ 39
Growth medium Properties
pH (-) EC (dSm™) BD (Mg m?) PD (Mg m?®) TP (Y%Viv)
Cocopeat-Perlite 573 e 0.43 g 0.166 h 0.973 c 82.8 a
RW(0.1)-Perlite 645 b 0.28 j 0.163 h 0.464 j 64.8 j
RW(0.2)-Perlite 6.57 b 0.21 k 0.178 fg 0.576 i 69.0 hi
WS-V 6.93 a 0.70 d 0.183 f 0.900 de 79.6 b
Rh-PImB300-V 6.54 b 0.53 f 0.196 de 0.759 gh 74.1 g
WSB500-Rh-V 6.48 b 0.44 g 0.168 gh 0.714 h 76.5 ef
Sd-SdB500-V-Z 6.58 b 0.33 i 0.333 b 1.156 b 71.2 h
Sd-PImB300-V 6.37 bc 0.62 e 0.179 fg 0.848 ef 79.0 cd
PImB300-WS-V 6.66 ab 0.82 b 0.181 f 0.724 h 75.0 fg
PIm-SdB500-V 6.58 b 0.75 c 0.188 ef 0.812 fg 76.8 def
Sd-SCB300-V-Z 6.95 a 0.32 ij 0.401 a 1.251 a 67.9 i
PIm-V-RW 6.47 b 1.43 a 0.235 c 1.298 a 81.8 ab
RW-Sd-V 6.07 dc 0.39 h 0.196 de 0.769 gh 74.4 fg
PIm-V-Cocopeat 5.85 de 0.79 b 0.204 d 0.921 cd 77.8 cde

TP (s> J&o PD (gl JEs : BD ¢ U bk, EC el <[40 Jin! gaw ;5 LSD 9051 (bl po 5o dize coglis 155k (i s 50 glisia g y>

In each column, different letters indicate significant difference according to LSD test at the probability level of 0.05; EC: electrical
conductivity, BD: bulk density, PD: particle density, TP: total porosity.
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Table 4- Results of analysis of variance for the effect of the growth medium, time, and their interaction on water retention
and aeration indicators

35 b 331 4 Sletye e
Source of variation Df Mean squares
EAW  WHC AIR WBC
aekand 13 0.012™  0.028™  0.014™ 0.0029"
Growth medium
_ _(m) o) 5155 _ 28 0.0001  0.0007  0.0001  0.00005
Replication (Growth medium)
".’L”j 1 0.0019™ 0.003”  0.03™  0.0016™
Time
o el 13 0.0009™ 0.0014" 0.0018™ 0.0003"
Time x Growth medium
(k> 28 0.00007 0.00013 0.00007 0.00001
Error
Sy Gy - 4.09 1.85 6.91 6.81
CV (%)

WBC ¢ o5l e 2lon LS AAIR o cuslngSs (ilsuS WHC (o yios BB Slul a4 O EAW foal +/+) Jlnl gdaws 3 I3 gze 51 ol st
ol 53l s

** stands for significant effect in the probability level of 0.01; EAW: easily available water, WHC: water holding capacity, AIR: air
after irrigation, WBC: water buffering capacity.
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Table 5- Means’ comparisons of the effect of the growth medium, time, and their interaction on water retention and aeration
indicators (EAW and AIR)

Wy yan EAW (cm?® cm®) AIR (cm® cm®)
Growth Before-D/W After-D/W Ol Before-D/W After-D/W ol
medium Average Average
Cocopeat- 0186 K 0154  op 0170 G 0139  de 0198 b 0168 BC
Perlite
RW(0.1)-Perlite 0129 ¢ 0117  qr 0123 | 0.089  jk 0.095 ij 0092 E
RW(0.2)-Perlite 0147 p 0.164 1o 0155 H 0.081  kim 0.086  j/m 0.083 E
WS-V 0259 b 0.237  def 0248 B 0.049 n 0.077  kim 0.063 E
Rh-PIMB300-V ~ 0.249  hcd 0.232  efg 0240 B 0074 Im 0.105  hi 0.089 E
WSB500-Rh-V ~ 0.224  gh 0225 fg 0225 CD 0155 ¢ 0203 b 0179 B
Sd'SdBZSOO'V' 0252  hc 0292 a 0272 A 0.113  gh 0.055 n 0084 E
Sd-PImB300-V ~ 0.153  op 0180 Im 0.167 GH 0205 b 0275 a 0240 A
P'mB?’\(}O'WS' 0197  jk 0221 gh 0209 E 0.082  jim 0133 fe 0.108 D
PIm-SdB500-V ~ 0.170  mn 0.204 ij 0187 F 0.086  jkI 0137 de 0112 D
Sd-scg3oo-v- 0.199  ijk 0212  hi 0205 E 0.090  jk 0.142  cde 0116 D
PIm-V-RW 0.244  cde 0230 fg 0237 BC 0072 m 0.118  gh 0095 E
RW-Sd-V 0196  jk 0230 fg 0213 DE 0122 fg 0199 b 0160 C
Plm-v- 0114 r 0.157  nop 0136 | 0.088  jk 0151 cd 01200 D
Cocopeat
olej A
The effect of 0.194 B 0.204 A — — 0.103 B 0.141 A - —
time

g eddy Wyt (o I gime ©gles (goiad L (pSle (i yd Wiglate 55 By dbylew (iiSen y ] bl gl Sl adld o (gl Colite o558 g >
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Different lowercase letters for each indicator show the statistical difference for the interaction effect of the treatments, and different

uppercase letters in the mean column indicate a significant difference between the growth media. Different uppercase letters in the
last row for each indicator show the significant difference between the two times before (Before-D/W) and after (After-D/W) wetting

and drying cycles based on the LSD test at the probability level of 0.05; EAW and AIR represent easily available water and air after
irrigation, respectively.

(ol 38) SIS 3 5 o] dusag Sl s Mlicgm s S 25 Sl
SA- yiww si ) b yiwn ol > (Kim et al., 2017) a_sl
Oloj Cus 38 g (i Sii3 g 5 (slroygd Jles! L (SAB500-V-Z
Mo ime s cpl aS 39y Ioye3 (]38l Mgy I AIR S lade
33 Slyan oo 5 65k ulis b assl oul (0 Jsix) 59 3
o 0 AIR polie  wlél o 5 i (Bakry et al., 2013)
@ bgpe (ABSiS g 5 slaoygs Jlasl Sl gy 8 (sl i
Se RW-Sd-V 4 PIm-V-RW PIm-V-Cocopeat sl i
e N0 Siw ey g Loy ad o3 (6L Hlade (gl Lo iy oy
9 5 oy Jlosl 5wy SA-SAB500-V-Z sy j» ks AIR

sy (> AIR e (g 568 Shs WS-V ad  yie s
5 b iy ol 53 paS ol B8l Wlgs e )] e a5 Dy M
Banitalebi ) »)l> Jlodpa o) Ken 5 b ool b adl o)
J(etal., 2021
AIR Jsis il & pe EAW Juis ildl 1S eb 4
[+5Y emP em’) oS wges s WS-V jis diges (slp 29 oo
S5 slp &S Jb yd g (</VFACmE cm3) oL EAW 4
s o) g Gl G yd a8 oyl WS Sd-PIMB300-V
o aidl b oams plaS (0 Jodo ) 09 (yie 4 g0 )b
[(Banitalebi et al., 2021) 5,ls Jlsdpa oK en 5 b o
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Table 6- Means’ comparisons of the effect of the growth medium, time, and their interaction on water retention indicators

(WHC and WBC)
. WHC (cm® cm™®) WBC (cm® cm™3)

Sy e ol T
Growth medium Before-D/W After-D/IW Av;: ra;; . Before-D/W After-D/IW Av:a ra;; .
Cocopeat-Perlite 0.620 fgh 0.603  hi 0.612 DE 0.033 Im 0.053  hi 0.043 FG
RW(0.1)-Perlite 0450 o 0455 o 0.453 | 0.053  hi 0.040 jk 0.046 FE
RW(0.2)-Perlite 0503 n 0.520 mn 0511 H 0.123 a 0.101 b 0112 A

WS-V 0.686 b 0711 a 0.699 A 0.044 j 0.064 f 0.054 DE
Rh-PImB300-V 0.617  ghi 0.657 cd 0.637 CD 0.066  ef 0.058 gh 0.062 CD
WSB500-Rh-V 0.610  hi 0575 j 0592 FE 0.056  hi 0.057 gh 0.056 D
Sd-SdB500-V-Z 0599 i 0.682 b 0.641 CD 0.032 Imn 0.044 0.038 FG
Sd-PImB300-V 0.562  jk 0573 0.568 FG 0.021 o 0.033 Im 0.027 H
PImB300-WS-V 0.656 cd 0.640 de 0.648 BC 0.051 i 0.074 d 0.062 CD
PIm-SdB500-V 0.648 de 0.672 bc 0.660 BC 0.063 fg 0.067 ef 0.065 C
Sd-SCB300-V-Z 0.551 ki 0535 Im 0543 G 0.030 mn 0.041 jk 0.035 GH

PIm-V-RW 0.670  bc 0.677 b 0.673 AB 0.072  de 0.092 ¢ 0.082 B

RW-Sd-V 0.632 efg 0.629 efg 0.631 CD 0.026 no 0.052 hi 0.039 FG
PIm-V-Cocopeat 0.638  def 0.683 b 0.661 BC 0.038 ki 0.052 hi 0.045 F

ol ! 0.603 B 0.615 A - - 0.051 B 0.059 A - -

The effect of time

3 by Sl O 2 s gl 030 (pSilie (gt 2 Cglita S5y By Aot JiiSamy Al Ml lis Sl el ya (ol gliza S By
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Different lowercase letters for each indicator show the statistical difference for the interaction effect of the treatments, and different
uppercase letters in the mean column indicate a significant difference between the growth media. Different uppercase letters in the
last row for each indicator show the significant difference between the two times before (Before-D/W) and after (After-D/W) wetting

and drying cycles based on the LSD test at the probability level of 0.05; WHC and WBC represent water holding capacity and water
buffering capacity, respectively.
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8 25 3590 1L Ao o3> g 0fog aw PH BDWHC alex
(Sohi et al., 2009) ,.5
oy el a5 el ol 5 (Sl WHC polie 4 lio
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@ WHC jolis 05 Si3 g 5 sbaoygd Jlosl g oloj e 35 L
5 L (7 Jpie) Sl il a iy 251 )5 (s losinn oo
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[(Banitalebi et al., 2019) w5 oyt Ay iy (godimd St
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Banitalebi et al., ) )b Jledpa K a0 5 Jb o plis
CudgSanyg g paiS oS b Ol cblag S awsl ol e (2021
4 3lee WHC e oy 55 (Banitalebi et al., 2019) ¢!
@ olge |y ol e oS (5 Jgas) 034 RW(0.1)-Perlite i
o WHC 50lis o @glas by Comd g opl oS Joelss
@9 9 JS IS (pgoglite I (—5U Sl e 4y sl s
1003 A5 05 ) (clayiue s (BUNE, 1988) 45 L ] il o5l]
55 055 oS g 45 1 93k b d WHC j33lis )l g by
OOF 1y by by b 4 g (39331 B3I > WHC il 381
Banitalebi etal., 2021; Mendez et al., 2017; Zhang ) 1 S
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Figure 1- Means’ comparisons of (a) subsidence percentage (AL/Lo, %) and (b) percentage of changes in dry weight (AW/Wp,

%) of growth media due to the application of wetting and drying periods
Different letters indicate significant difference according to LSD test at the probability level of 0.05.
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Figure 2- Means’ comparisons of (a) the effect of growth medium, (b) the effect of time (wetting and drying cycles), and (c)

the interaction effect of the growth medium and time on the percentage of organic matter (OM)
Different letters indicate significant difference based on the LSD test at the probability level of 0.05; The letters b and a in the legend

of graph (c) indicate the time before and after the wetting and drying cycles, respectively.
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Introduction

The relative preference and the cation exchange capacity of the exchanger are among the important and
determining factors in the adsorption and retention of cations. Studies have shown that factors such as valency, the
size of the hydrated radius or the relative hydration energy of ions, the type of clay mineral, the concentration of
the solution phase, the amount of organic matter, the structural characteristics, and the charge density of the
exchanger determine the preferential adsorption of cations in the soil. The aims of this study were: 1) to investigate
the effect of contact time, adsorbent dose, and pH on potassium selectivity by bentonite in binary systems including
K-Ca, K-Mg, and K-Na based on Gapon, Vanslow, and Gaines-Thomas equations and 2) to investigate the
potassium adsorption isotherms by bentonites saturated with calcium, magnesium, and sodium.

Materials and Methods

To saturate bentonite, 1 M solutions of calcium, magnesium, and sodium chloride were separately used. The
effects of contact time (10-1440 min), adsorbent dose (0.1-2 g), and pH (3-9) on potassium adsorption and
selectivity by bentonites saturated with calcium, magnesium, and sodium in binary systems were investigated. In
these experiments, 20 mL of a solution containing 24 meq L of potassium and 6 meq L™ of the competing cation
(Ca, Mg, or Na) were added to the adsorbent. The selectivity coefficients of Gapon, Valselow, and Gaines-Thomas
were calculated. Isotherm experiments were also performed to evaluate the effect of different equivalent fractions
of potassium (0.1, 0.2, 0.4, 0.6, 0.8, 0.9, and 1) and the competing cation in the solution phase on potassium
adsorption. Simple linear, Freundlich, and Temkin equations were fitted to the isotherm data.

Results and Discussion

This study results showed that the adsorption of potassium by Ca-, Mg-, and Na-bentonites increased with
increasing contact time and reached its highest value in 24 hours. The pseudo-second-order kinetic equation was
better able to describe the process of potassium adsorption by bentonites over time than the pseudo-first-order
equation. Potassium adsorption by Mg- and Na-bentonites had a downward trend with increasing the absorbent
dose in the range of 0.1-2 g, while Ca-bentonite showed the highest adsorption of potassium in the dose of 0.2 g.
With increase in pH, the percentage of potassium adsorbed from the solution phase increased; and reached its
maximum value at pH 9. The amount of potassium adsorption by Mg- and Na-bentonite in all pHs was almost the
same and at the same time more than Ca-bentonite. The interesting result of this research was that the behavior of
Mg-bentonite was more similar to Na-bentonite than to Ca-bentonite. An increase in the negative charge of
aluminosilicates with an increase in pH can occur due to the loss of protons by silanol and aluminol groups. The
selectivity coefficients of Gapon, Vanslow, and Gaines-Thomas changed under the influence of contact time,
adsorbent dose, and pH. Comparing the results of the investigation of the mentioned factors with the results of the
selectivity coefficients showed that these coefficients cannot be a definitive criterion for judging the preference of
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one cation over another cation for adsorption in exchange sites. The isotherm experiment indicated that the amount
of potassium adsorption in the solid phase increased with the increase of the potassium equivalent fraction in the
solution phase; so the maximum adsorption was observed at the highest initial concentration of potassium (30 meq
L%, which corresponded to the equivalent fraction of 1). The linear adsorption coefficient in the simple linear
equation (Kq) showed that potassium adsorption by Na-bentonite was higher than the two others. The highest
amount of Kg, 56.0 L kg, and the lowest value, 11.9 L kg™, were obtained for bentonites saturated with sodium
and calcium, respectively. The parameter br, the heat of exchange in the Temkin equation, was estimated to be
4.5,5.0, and 19.1 (J mol?) for bentonites saturated with sodium, magnesium, and calcium, respectively. Three
simple linear equations, Freundlich, and Temkin were able to describe the adsorption process well. However, based
on the highest value of the coefficient of determination (R?) and the lowest value of the standard error (SE), it can
be said that the Freundlich equation showed the best fit to the data.

Conclusion

The highestadsorption of potassium occurred at a contact time of 24 h, a dose of 0.1 g for Mg- and Na-bentonite
and 0.2 g for Ca-bentonite and pH 9. The pseudo-second-order equation described well the kinetics of potassium
adsorption by bentonites over time. The results showed that the behavior of Mg-bentonite was more similar to Na-
bentonite than Ca-bentonite. The selectivity coefficients of Vanslow, Gaines-Thomas, and Gapon changed under
the influence of contact time, adsorbent dose, and pH. The results revealed that it is not possible to definitely
determine the preference or non-preference of a cation based only on selectivity coefficients. The isotherm
experiment showed that the amount of potassium adsorption increased with the increase of the initial equivalent
fraction of potassium in the solution. The highest value of R? and the lowest value of SE were obtained for simple
linear and Freundlich equations, respectively.

Keywords: Cation exchange, Gapon, Gaines-Thomas, Isotherm, Vanselow
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Figure 2- Effect of contact time on the amount of adsorbed K (a) and adsorption percentage (b) by bentonite
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Figure 3- Effect of adsorbent dose on the amount of adsorbed K (a) and adsorption percentage (b) by bentonite
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VEeY Sl ] — (09,8 o) o)l FY als (S g o 4,25 \YY

—&— Bentonite-Ca —#— Bentonite-Mg Bentonite-Na

06 ()
0.4
0.2

0
-0.2 0 1440
04
0.6
0.8

-1

log Kg

(a2B3) olos oo
Contacttime (min)

—&— Bentonite-Ca—#— Bentonite-Mg

1

05

—o— Bentonite-Ca—#— Bentonite-Mg Bentonite-Na

2

- (b)

1

log Ky
o
ol

1 20 30 60 120 3601440

(aBs) olod oo
Contacttime (min)

Bentonite-Na

©

log Ket

1| =

10 20 1 440
-0.5

(4883) Lole3 oloj

Contact time (min)

ol loj yuti L () (wlogi= 325 () shansly (@) (1925 (6 72l PRI et pod Ol i -0 YU
Figure 5- Variation in Gapon (a), Vanselow (b), and Gaines-Thomas selectivity coefficients by changing contact time

4 S oo Uy o 5 550k 45 39 o (o ko Caigiiy 3o
RV ul_m)ds AJ.)};;{..{ )l ).5))4 A Cudgly P)f /¥ 9
2 gedly cupd @) ol bl ol 55 mades ) by e 5
9 9¢ Cule u.)l> (J"l P)f Iy )].\.EA 2 1258 Q»Loy—).uf 9 U}’K
ol (F JSS) epholbal col s mlo b (Y JSS) eols jlade
P ol Gl K el @ ca el S b e

sl JJ\» dbbolfw

x4 lpee s phobl calps polo | ks onlply
558 P ot 3 ol pas b bz 5 3590 5 (oS
ade cgluily o i duwle 10 Jgo S 5l oolaiol Jdo 4 idpw
=55 uly b 4 o s cudybeal ol o oy s ol (goae
()"l 5 L)*‘L"QJ_)-‘-S 9 uylf wl)_ao )g.bu.n cdgujb).) ATY) S5
g Sy J) a8 el
Coigiy 5 o B (S i 5 Cp b 3 o0 (LS OO jlada
P e g soeedS Gacasiy ) 9 p)S /Y ke 3 (evi
olps cplaodls Hlade Linl3dl b ad sanliv 3l 0,5 <Y Hlade
by plas (¥ U5 ) @il jlade S wyp ol lis 1y (Jg3 X,
orie Cuigiin p)S /N jpas ) ey o e o il oS



VYV oon 9 o2 oo S b o £ Lol glaCusigis bawgi by 002 9 (6 320 L) « iy 9 Ll

—o— Bentonite-Ca Bentonite-Mg Bentonite-Na

15
(@)

1

N 0.5
g

-4 0

01 02 04 06 2—_14
-0.5
1 (p5) Al e

Adsorbent dose (g)

—— Bentonite-C
2

15
1
05

LogKer

0
-05

-1

a

0.2

—o— Bentonite-Ca Bentonite-Na
25
2
15
1
0.5
0

-0.5

Bentonite-Mg

(b)

Log Ky

//\M

0.1

02 04 06 1 ¥4—2

() P jlae
Adsorbent dose (g)

Bentonite-Mg Bentonite-Na

(©

R S

(p5) 3l jlade
Adsorbent dose (g)

Bl e ki U (g) (wlogi= 335 () ghuily W) (5928 (5 g PRI ol o> ol g =1 JSd
Figure 6- Variation in Gapon (a), Vanselow (b), and Gaines-Thomas selectivity coefficients by changing adsorbent dose

Sy 1,8 pH

K-Ca glig> sloio s 5> o by o5 (sl sl gl
clale )l b cusl odd ool lis A IS5 0 K-Na 4 K-Mg
S SligFa s b (odgno L) e ly Ol e o Wy 4yl
ko Vo G o Wy gl CalE o 5V )3 (e By Qo S
Ab odalie ) (Vg ST S Jolee) maolis i) 3 Yl ST
cbul colps b (Jalali et al, 2020) o) Sen 5 JM>
2 29> Sl )3 mjate g S i el s pd
) Lt I3 L gt s il oSl oSS A
33,8 o5 1, S s bl

sloodly 4 1Sl g mddigyd ool Jas Vblee 5l ol
e e (g ity ol 04 BV Joa2 53 eiliy p 593
A1 25 oS Sty 1 ol S g seres Cuigiin ) s iy
aS o i o (Ka) eoles (Jas dblee o Jad s o
Fobar 3593 Eledl Al 93 ) S (cones Sty )3 iy
Vy/A coi L)")‘JS(’;S‘LS » )J o5l Ky )I.\Iw O iy D

4 gorn 5 Sy g et Cudgliy )0 S A ep ) SelS ) 1l
ol Cawd

b e Uy by Qb cul e w80 a3 oo LSV JSS

a5 dg cide PH Y- aaly > osjrio Codgiy j0 g pdn
wl).«o u»lwl))wlry)u.cdu&mawlu@);owub
ey PH sl g 53 (oS Cuigits oldly g (S
poelS’ &) G maosly (6 a5 Sl PH 08 alels )5 gl
L5 D cpl g aie dalllas 350 PH aialy 13 euds Cudgiy
O&e dliss 390 65 b g uwly adol clale gy SSL > &
Lddl Cadgis )3 e 4 Comnd raw b 0l ¢l (e 5 sl
oo he Coigits Al L ordes gty bausgd panliy ol 85
d))JuuL’xul u.:l)_a.o C.:L.s u»l_w] » Le(u ‘U")’L’ Sl 0203 C)
pa—da ) (958 o s phime F pde b s phize S Ol
LS)"J"’C"})" & s ulﬁi@ odel Cid L G:L.: u»l_w] 2 D903
235250 Sl isslS b ol plad b Cov gty 3 e by
5 ooled loj 0disS gl | a0lS o edls jlade ¢ JolS i sun



V¥ Caliegurd = (329398 ) o5l PV il (S g T i VXYY

—o—Bentonite-Ca Bentonite-Na

0.8
0.6
04
0.2

0
0.2 3 4 9

Bentonite-Mg

(@)

Log Kg

-0.4
-0.6

pH

—o— Bentonite-Ca

15

Bentonite-Mg

—o— Bentonite-Ca Bentonite-Na

2

Bentonite-Mg
(b)

15

1

05

Log Ky

Bentonite-Na

(©

3 4 5 6 89

pH

PH 5085 L () (ologi= 55 o(0) ghaasily () (1925 (6 72 i PN sl pd ol g - IS
Figure 7- Variation in Gapon (a), Vanselow (b), and Gaines-Thomas selectivity coefficients by changing pH

9 sor—alS Cuigiy lp cas S A ol e (i g (S
nSad dolre 1> Jols sloyS DT el yb s 9l esdes Casigi
2 L5 )5 g SYL el e 4 (3 mol™) VAN g0/
223 o lid adws g oer e £l 4 s o IS sladl>
3 390 b S35l duanliy baw g (IoL5 manlS” (030 (ol
ol

Al (R?) o calps (6lp odelow s polie 4 angi b
WP A S 5 gdgyd ol et doles dw o b b b
O oy lade op YL S G o |y wle a8 wiiulys
dolro LS‘)’. D)Lﬁh'._wl sk L)")""f 9 oal—w L;‘a.'> PR P9 dl).g
o3l _wlidio a8 e ily dn g Wb (Y Jodo) del i 4 guduig
9 ol )8 puf (1S g ool as Voo (il 50 Cla la
osly i s8 olie 3l cou Kl o gliig dlolae il 4
sl ausly 8

@ ol 1y (esdw Cudgin 2 pwliy YL s e

ek 9 malS b dunslie )3 ol baw 5 mades (23S0l Cgpew
5 e CueS Sl cuip a4 N g Kr ddigyd doles )3 0D s
S i jlde &S amd o i Kf 55 e it Ol (g5 ]
S S8 Kr g el sa i (Bl oo 3 paslsy
2223 LS ¢ Frlie & g del> gghaw 53 jlaizyee (58l Gl
sl K jlado o oo | Jglono 5B ) (9 ik e
Cadgis y ol i (pyieS o YOIV i b esdw Culgin
SN e el cwd 4 pSekS 13 1 Ve/Y ade b e ulS
iy o] e oy g oy pieS &S D9y e +/AFA L +/VAY
N3 Oylie D9 (ol gy § (cordw Cuigiy 4 by
P e G230 5 et Cuigi e 5 Ol sl e by
)13 5l (owjaie 9 (oo IS i b dunsllie )3 (g a8 (55
2 ol (ol e 0280 51 (b pesliy ol ¢S oo 5
el 5 e b 35 ol e oS K yzel)l i b oo Jslne
3S0lo g wSed dWolre cods B el )l el awd 4 /YDA L < /YYS
509 yxio OO+ U WY 0y w8 o &S ol Jobs sl 5 ol



YVO oo 9 o2 oo eqpmnedS b oy £ Lol glaCasigiy bawsgi iy 002 9 (6 3304 OB « iy 9 Ll

Mg-Bentonite

Ca-Bentonite

1400 ~ 400
% 1200 £ 350
~ 3% 300 *
3 5 1000 =
% é 800 * 41 £ 20 ¢
e ; 'S I }é 200 L 2
J 5 600 38 150
13 * 5 °*
<5 400 2 100
$ 200 ¢ < 50
oL 0
0 10 20 30 10 20 30
ol ol el presliy ol calé
Na-Bentonite
1400
1; 1200 *
33 1000 ¢
IS
} £ 800 .
X 600
° § 400
2 200 ¢
0
10 20
poliy ol clale
Equilibrium K conc. (mmol/L)
M g (o0 3k ¢ comulS SLACigy 55 pawlly da slae gl -A IS
Figure 8- K adsorption isotherms in Ca-, Mg-, and Na-bentonite
iy Qe g2 0 59 5l C¥3lre (il 51 ol (5 el - Jou
Table 2- Parameters obtained from fitting isotherm equations to K adsorption
ool (s &g CnSed
Simple linear Freundlich Temkin
3l R2  SE Ks R? SE B br R2  SE
Adsorbent
L kgt L kgt J mol?
Ca-Bentonite  11.9  0.990™ 12.8 0.969 10.2 0.995™ 0.029 0.326 130 19.1 0.893™ 425
Mg-Bentonite  49.6  0.993™ 37.4 0.794 22.8 0.954™ 0.109 0.348 489 5.01 0.946™ 106
Na-Bentonite  56.0 0.988™ 54.6 0.783 257 0.958™ 0.105 0.358 550 4.50 0.969™ 440
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** significant at p < 0.01
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Introduction

Nowadays, climate change is one of the human challenges in the exploitation and management of water
resources. Temperature along with precipitation is one of the most important climatic elements and is one of the
main factors in zoning and climatic classification. Due to location of Iran within the drought belt and proximity
to the high-pressure tropical zone, this country has an arid and semi-arid climate and suffers from drought in
majority of years. Therefore, temperature fluctuations and variability are important issues, and make the study of
temperature changes a necessity. In the current study, four data mining algorithms in selecting predictors for
downscaling of maximum temperature in Birjand synoptic station have been studied, compared and the superior
algorithm has been introduced. As the number of large scale features are high, selection of machine learning
algorithm will play as an important role in statistical downscaling of climatic variables such as maximum
temperature.

Materials and Methods

Today, the data set is such that many variables are used to describe the climatic phenomenon in
environmental studies. As the number of data is huge, choosing the predictors is one of the most important steps
in preprocessing machine learning. In this study, four machine learning methods including stochastic
approximation of simultaneous turbulence (SPSA), Least Absolute Shrinkage and Selection Operator (LASSO),
Ridge and Gradient Boosting Method (GBM) in selecting important features in downscaling of maximum
temperature in Birjand synoptic station during the statistical period of 1961-2019 were studied and compared. It
is a mechanism to find a combination of predictors that with a minimum number of predictors can produce an
acceptable evaluation index in estimating the variable under study. For the present study, the weather
information of Birjand Synoptic Meteorological Station has been prepared by the Meteorological Organization
of Iran. In order to calibrate and validate the machine learning algorithms, 70% and 30% of the available
monthly data, respectively, were allocated for this purpose. To conduct this research, coding in R-Studio
environment and Caret and Fscaret packages were used. In this study, to evaluate the performance of the
algorithms, three indices includes relative Nash-Sutcliffe Efficiency (rNSE), Volume Efficiency (VE) and Kling-
Gupta Efficiency (KGE) were used.

Results and Discussion

Before using the algorithms in selecting large-scale predictors, the correlation between these variables and
the maximum observational temperature at Birjand station was investigated. Large scale variables mslp, P1 v,
P8 v, P8 u, P850 Temp, with a maximum correlation temperature of 0.6 showed that the correlation is
acceptable given the complexity of the climate change phenomenon. In addition, these results show that all the
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algorithms used the important factors including F1, F2, F15, F16, F18, F20 and F26 by more than 50% and the
first variable (mean pressure at the ocean surface) was the most important parameter in downscaling of
maximum temperature. Also, the highest importance was for P1_v and the lowest value related to P5_u, as
73.2% and 15%, respectively. Violin plots of downscaled maximum temperature in validation step of different
algorithms along with the observed maximum temperature in Birjand synoptic station in each of the algorithms
showed that the values of the first and third quartiles in the output data of SPSA algorithm compared to other
algorithms were closer to the observed data. According to the evaluation criteria, SPSA algorithm has a higher
performance than other algorithms in reproducing the maximum monthly temperature values in Birjand synoptic
station. Also, based on the volumetric efficiency evaluation criteria and relative Nash-Sutcliffe, GBM algorithm
was more successful in selecting predictors than Ridge and LASSO algorithms. It is also observed that SPSA
algorithm shows different results than other algorithms. In comparison of mean and variance of downscaled and
observed maximum temperature, the results of t-test and F-test showed that SPSA algorithm has higher
efficiency than other algorithms in regenerating mean and variance of observed maximum temperature in
Birjand synoptic station at the 5% significance level.

Conclusion

The data used in this study included large scale atmospheric variables and the maximum observed
temperature at Birjand station. The algorithms were used to select important predictors and the performance of
these methods in the validation part. According to the results of this study, the highest importance among large-
scale variables is related to P1_v and the lowest value is related to P5_u, the values of which were 73.2% and
15%, respectively. The SPSA algorithm also performs better than other algorithms in selecting predictors and
consequently the maximum temperature.

Keywords: Atmosphere- Ocean general circulation model, Downscaling, Feature selection, Machine
learning algorithm, Maximum temperature
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1- Least Absolute Shrinkage and Selection Operator
(LASSO)

2- Ridge

3- Gradient Boosting Machine

4- Ensemble
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Figure 1- Geographical location of Birjand city

(Aksakalli and Malekipirbazari, 2016
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1- Least Absolute Shrinkage and Selection Operator
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Figure 2- Investigation of variation of maximum temperature with 12 large-scale predictors
(Best fit line and confidence intervals and correlation values are provided).
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Figure 3- Investigation of variation of maximum temperature with 14 large-scale predictors
(Best fit line and confidence range and correlation values are provided).
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Table 2- Nonlinear correlation between observed maximum temperature and 26 predictor variable
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Introduction

Heavy rains often occur in small areas, but they may be the result of large-scale systems and their energy and
moisture are provided from distant areas (Mohamadei et al., 2010). Therefore, identification of synoptic systems
is of great importance in order to predict precipitation. Although rain has many positive effects on human life,
heavy rain can cause one of the most dangerous and damaging natural disasters, namely floods. Every year, floods
cause many human and financial losses in different regions of the world. Floods are more effective in vulnerable
areas and cause the loss of human lives, damage to property and products, disruption of transportation and services,
and other economic losses (Kheradmand et al., 2018). In March 2019, heavy rains occurred in Golestan province,
which caused flooding in parts of this province, especially in the cities of Gonbad-Kavus and Aqgala. Most of this
heavy rain and flood occurred in the Gorgan River basin. According to meteorological reports, the rain started
from the night of 03.17.2019 and continued until 03.21.2019, although the heaviest rainfall occurred from the
03.18.2019. The volume of the flood was so great that the dams on the Gorgan River could not accommodate it.
According to the reports of the regional water company of Golestan province, the flood entered the Bostan dam at
1 am on 03/19/2019, and after passing through it, entered the Vashmgir dam at 6 am, and then on 03.21.2019
entered the city of Aggala. The damage of this flood was estimated at about 4800 billion Tomans, which includes
damage to 17800 residential units, damage to farms, transportation infrastructure, 40% reduction in tourism,
damage to industrial units, unemployment of about 3000 people, and damage to the nomads of the province.
(Islamic Republic News Agency, 04.09.2019). Considering the heavy damage caused by the mentioned heavy rain
and flood in Golestan province, it is necessary to identify and analyze the causes of its occurrence in order to plan
and take the necessary measures to prepare and deal with such incidents.

Materials and Methods

The study area is Gorganrood watershed, most of this area is located in Golestan province. Golestan province
is one of the northern provinces of the country and is located in the southeast of Caspian sea. In this research, in
order to identify and analyze the heavy rain that occurred in Golestan province in March 2019, which led to severe
flooding, several types of data were used (data from meteorological stations, NCEP/NCAR reanalyzed data,
MODIS satellite images, GPM precipitation products). First, using the rainfall data of the synoptic stations located
in the Gorgan River watershed, the time of heavy rainfall was identified, and then using the data of the
aforementioned stations and several stations outside the basin, a rainfall zoning map was prepared. MODIS satellite
images were also used to check the position of precipitation system and cloudiness of region. Using GPM satellite
rainfall products called IMERG, which were extracted on a half-hourly basis, as well as the main synop reports of
meteorological stations, which are reported on a six-hourly basis, the intensity of rainfall was investigated. In
addition, the physical conditions of the basin were investigated using the topography and slope map of the basin
prepared from the DEM layer of the region. In the following, using the reanalyzed data of the NCEP/NCAR

1- Meteorologist, I.R. Iran Meteorological Organization, East Azerbaijan Bureau of Meteorology
(*- Corresponding Author Email: f.abdolalizadeh@tabrizu.ac.ir)
2- Professor of Climatology Department, Tabriz University, Tabriz, Iran


https://jsw.um.ac.ir/
https://doi.org/10.22067/jsw.2022.78803.1203
mailto:f.abdolalizadeh@tabrizu.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir
https://orcid.org/0000-0003-1739-5953

‘?*Y%ﬁﬂ—dﬁé)s)ﬁ‘\e)w‘\“va&‘dl}sgi ) s \¥#

database (National Center for Environmental Prediction - National Center for Atmospheric Research of the United
States), synoptic maps including maps of land surface pressure, geopotential height of the upper atmosphere,
Omega (indicates the speed of vertical movements of the atmosphere), wind direction and speed, moisture flux
convergence function, frontal function, specific humidity, atmospheric precipitable water and Hoff-Mdller
diagram were drawn to identify the synoptic and dynamic factors of the mentioned precipitations.

Results and Discussion

The results of the present research in the analysis of flood factors can be summarized as follows:

— Survey of the topography and slope of the Gorganrood basin revealed that the physical conditions of the basin are
such that the potential for flooding is high.

— The amount of rainfall in 24, 6 and a half hour intervals in the study area were investigated and it was shown
that the rainfall occurred on March 17, 18 and 19, especially on March 18, in terms of the intensity of rainfall
were very intense.

— Investigation of the state of the middle troposphere showed that the formation of the Rossby wave and the
meridional expansion of one of its troughs, along with the creation of a positive vorticity that dominated the
studied area on the seventeenth of March, are the main factors in the creation of a baroclinic atmosphere and
the dynamic ascent of air.

— Investigation of the synoptic-dynamic conditions of the lower levels of the troposphere showed that in the
lower levels of the low-altitude synoptic system with closed meters, at the same time as the deep trough reigns
over the region, it has been formed and strengthened during peak rainfall times and has led to a strong rise of
air.

— Investigating the state of atmospheric humidity in the study area and identifying sources of moisture supply
using special humidity maps, moisture flux convergence function and atmospheric flow paths were carried out.

— Investigating the omega variable in the vertical profile of the atmosphere using the Hoff-Mueller diagram
showed that during the times of precipitation events, upward movements prevailed in all levels of the
troposphere, especially during the peak of precipitation, the upward movements became more intense in the
lower levels.

— Identifying the type of clouds using MODIS products showed that during heavy rains, especially on March 18,
deep convective clouds with a high density of water were formed in the region, which extended up to a height
of 300 hectopascals and were very thick.

Keywords: Flood, Gorganrood basin, Heavy rainfall, Moisture flux convergence
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Table 1- The flood volume of the Gorganrood river in the period from 03.17.2019 to 03/14/2018
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Figure 1- Geographical location of Golestan province and Gorganrood watershed
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Table 2- Meteorological stations used in the research

2! o @bl ooye il Job g,
Station Name Lat Lon Elevation
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BandarTorkman
s o S 37.22 55.56 735
Park Meli Golestan
Ul e 36.9 54.88 184
Aliabad
ok 37.64 55.71 314
Ghapan
4 37.39 55.46 128
Kalaleh
o 36.01 54.41 0
Gorgan
09slS 35 37.27 55.21 37
GonbadKavoos
Cebogiee 37.37 55.63 223
Minoodasht
’l a
Ul il 36.85 54.30 13
Hashemabad
S 36.76 54.30 110
Karkandeh
e 36.82 54.11 3
Kordkooy
Jad
O 37.11 55.80 1356
Rezvan
& o 37.80 55.94 460
MaravehTappeh
B 36.77 53.95 14
BandarGaz
o9 ! 37.45 54.72 7
Incheborun
ofiab 36.15 54.32 1155
Damghan
Pt 36.95 56.33 984
Jajrood
e . 36.41 55.63 1081
Meyami
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w05 ol )b o> (sl 9 313 513 39553 50T Ades zyls 45 o lmelSKiyl®
*The stations that are outside the Gorganrood catchment and were used to interpolate precipitation
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Figure 2- 24-hour precipitation chart of selected stations of Gorganrood basin
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Table 3- 6-hour rainfall data of four selected stations of Gorganrood basin extracted from meteorological reports for peak

rainfall time
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00-06 0 0 0 0
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March 17 12-18 3 5 1 0.7
18-00 27 37 42 20
00-06 28 8 7 69
ol YA 06-12 49 87 83 36
March 18 12-18 43 30 34 20
18-00 4 23 20 3
00-06 30 22 0.4
¥ PR L\ 06-12 0.4 30 19 0.3
March 19 12-18 0.2 7 0.8
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Figure 4- GPM satellite product image for rainfall from 9:30 to 10:00 (UTC) on March 18, 2019
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Figure 6- Synoptic-dynamic state of the middle troposphere from March 14 to 21, 2019: 500 hPa level height in geopotential
meters (purple lines with a distance of 40 gpm), wind vectors and relative virticity (color spectrum)
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Figure 7- Frontogenesis Function at 700 to 500 hpa levels
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