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Introduction

The large temporal and spatial changes of precipitation, especially in mountainous areas, have turned it into a
controversial variable in climate models. Measuring precipitation (rain and snow) along with its distribution and
changes is very important to improve our understanding of global water cycle and energy, water resources
monitoring, hydrological modeling. Lack of reliable data is one of the most important challenges in rainfall
analysis. Due to the significant temporal and spatial variability of precipitation in mountainous areas, accurate
spatially distributed data is crucial for effective water resource assessment and management. However, many
mountainous regions have limited rain gauge stations. Today, satellite products are commonly used to measure
precipitation in these areas, but the variability among these products raises concerns about their accuracy in
mountainous regions. Additionally, the quality of satellite products differs between various products and across
different climatic regions, making it essential to thoroughly evaluate them before use. The purpose of this research
was to evaluate the precipitation data of two satellite products (GPM, PERSIAN) and reanalysis data (ECMWF) in
the estimation of precipitation in mountainous areas without stations in Lorestan province.

Method

This study utilized rainfall data from 24 synoptic and rain gauge stations across Lorestan province.
Emphasis was placed on stations situated in or near mountainous regions. The selected stations were chosen based
on their suitable spatial distribution and record length. The rainfall data spanned the period from 2015 to 2021 and
included daily, monthly, and annual measurements. To evaluate satellite rainfall algorithms and estimate rainfall in
regions with limited data, data from the GPM and PERSIAN satellites were employed, along with ECMWF
reanalysis data. The PERSIAN rainfall algorithm is a remote sensing-based method that utilizes artificial neural
networks. It calibrates infrared data with passive microwave estimates and converts longwave infrared images into
rainfall estimates using a three-step process. The spatial resolution of this product is 0.25° x 0.25°, and it offers
hourly, daily, and monthly temporal resolution. The PERSIAN rainfall algorithm data can be accessed from
https://chrsdata.eng.uci.edu. The GPM mission aims to provide continuous observations of Earth's precipitation. It
employs the GPM Microwave Imager (GMI) and Dual-frequency Precipitation Radar (DPR) to observe both snow
and rain. The final product, called IMERG, is generated through multiple runs of the algorithm for each observation
time. Initial estimates are quickly provided, and subsequent estimates improve as more information becomes
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available. The spatial resolution of the GPM product is 1° x 1°, and it offers hourly, daily, and monthly temporal
resolution. IMERG data can be obtained from https://gpm.nasa.gov/data. CMWEF reanalysis data is derived from
the combination of short-term simulations of numerical weather prediction models with ground-based observational
data. These simulations are controlled with observational data, and the resulting reanalysis database provides global
coverage from 1979 with a spatial resolution ranging from 0.125° x 0.125° to 3°. The temporal resolution of
ECMWEF reanalysis data is hourly, daily, and monthly. More information about ECMWF data can be found at
https://www.ecmwf.int/ (Azizi, 2019). To evaluate the accuracy of the products, R-squared correlation (R2), root
mean square error (RMSE), standard deviation (MAD), correlation coefficient (R), error deviation (MBE) and
Nash-Sutcliffe coefficient (NS) were used. Also, the probability of detection (POD), false alarm ratio (FAR), and
critical success index (CSI) indices were used to validate the data.

Results

The results showed that none of the three products are suitable for estimating daily precipitation in
mountainous areas. However, on a monthly scale, these products provide reasonable estimates. Among the three, the
GPM satellite product demonstrated better accuracy on a monthly scale, based on error levels and the spatial
distribution of estimated precipitation. On an annual scale, GPM also performed best, as indicated by both statistical
errors and the spatial patterns of average annual precipitation. According to the MBE index, on daily and monthly
scales, the ECMWEF product tended to overestimate precipitation, while the PERSIANN and GPM products
underestimated it. On an annual scale, GPM and ECMWF products overestimated precipitation, whereas
PERSIANN underestimated it.

Keywords: ECMWF, GPM, Mountain, PERSIAN, Precipitation, Satellite
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Figure 1- A: Location of synoptic and rain gauge stations in Lorestan province. B: Selected synoptic and rain gauge stations
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Table 1- Location and characteristics of selected stations
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Figure 2- Calculation of statistical indicators of satellite products on a daily scale
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Table 2- Comparison of average statistical indicators of satellite products on a daily scale
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Table 3- Comparison of average statistical indicators of satellite products on a monthly scale
Monthly ba glhe  bd arpe (Sged GO O s aland! ol s pe
MAD RMSE r(XY) NSE R? MBE POD FAR CSlI
e UB’ZU‘P“’\)I‘““' sl 905 15.08 0.95 0.74 091  10- 0.93 0.18 0.88
O laodl 14,51 19.35 0.92 0.62 086  14.1- 0.78 0.24 0.79
PERSIAN
U }g)‘ dh””b
L)) bawsio g Candg 1312 17.94 0.94 0.52 09 132 0.88 0.23 0.73

ECMWEF




VPe¥ LT — o0 oF ojlod FA al> (S g 0T w5 FFA

120
@ B sl 3,0 OGPM OPersion OEcmwf
] 100 -
2
Q .
£z o n _
=% 80
E %
£ ';
g . 60
.ﬁ qjx’
‘.E'-.. 40
2 4
g
Ey I H m |

0 a B =T
g X
& & & & & $ $ & & &
43313 4y pd e JosaT P o993 s> ey T ol = il g5 ool
b olo
GPM=3lg> Sl Suomiw slassla month

Persain: (pdiy Sl ool
ECMWF:bgf fawgin S92 Cunds duigiut 30 Sladls

(o o) (Flaaliie ()b g glo,lgnle Y gazme ailale (pi )b puSilo —€ JSS
Figure 4- Average monthly precipitation of satellite products and observed precipitation (mm)
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Figure 5- Calculation of statistical indicators of satellite products on an annual scale
WYl wliio )3 (50, lenle C¥ guanes (5 bl (s ad L (Sile dumliio —£ Jgaa
Table 4- Comparison of average statistical indicators of satellite products on an annual scale
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Introduction

Optimum vyield production under rainfed cultivation directly depends on the amount of rainfall and moisture
storage in the soil. The tillage system directly influences soil moisture retention as well as the soil’s physical and
chemical properties. Selecting the appropriate tillage system can significantly impact crop yields. Oilseeds are
particularly important among crops, representing the second-largest food reserve in the world after grains. These
products are rich in fatty acids. Today, the oil extraction and production industry is one of the most strategic
industries in most countries. Iran has vast arable land and favorable conditions for cultivating oilseeds. However,
according to available statistics, over 80% of the country's oil needs are met through imports. Given the increasing
demand for higher-quality oil products and the challenges posed by climate issues, such as recurring droughts,
cultivating and developing crops with lower water requirements and greater resilience appears to be a promising
solution. Implementing effective management practices and appropriate fertilizers aligned with conservation
agriculture could help increase crop yields while maintaining and improving long-term soil quality. To explore the
potential of oilseed cultivation, an experiment was conducted to examine the effects of tillage and fertilization on the
yield and yield components of safflower under rainfed conditions.

Materials and Methods

This experiment was carried out as split plots based on random complete blocks design, with three replications
under rainfed conditions. The treatments included tillage systems (conventional tillage, reduced tillage, and no-
tillage) as the main factor and NPK fertilizer (a mixture of urea, triple superphosphate, and potassium sulfate) at four
levels of zero, 33, 66, and 100% as a secondary factor. Potassium and phosphorus fertilization and 50% of nitrogen
fertilizer were used at the same time as planting, and the remaining 50% of nitrogen fertilizer was used four months
after planting. Each block had three main plots; the distance between each block was 3 meters, and between the
main plots was 2 meters. In each main plot, four sub-plots were created, and the distance between the sub-plots was
1 meter. The area of the main plots was 21 x 15 meters, and the area of each sub-plot was 4.5 x15 meters. The
amount of seed used for safflower was 25 kg per hectare. The safflower seeds were sown in 5 rows and planted at a
distance of 50 cm and a distance between plants of 10 cm. At all stages of planting, maintenance, and harvesting,
agricultural management followed the traditional practices of the study area, as performed by the local farmers. The
final sampling, or harvesting, was carried out manually at the physiological maturity stage. Before conducting

©2024 The author(s). This is an open access article distributed under Creative Commons
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variance analysis, a normality test was performed on the data. In this research, the LSD test was used to compare the
mean at the 5% probability level, Excel software was used to draw graphs, and SAS 9.4 software was used to
analyze the data.

Results and Discussion

The research showed that the traits examined, including leaf area index, dry matter content, thousand seed
weight, seed yield, and biological yield, were affected by the tillage system, fertilizer, and their interaction effect.
The highest safflower seed yield of 195.6 g/m? was obtained from the fertilizer ratio of 33% and conventional
tillage, and the lowest seed yield of 116.2 g/m? was obtained from no-tillage and no fertilizer use. The results
indicated that the conventional tillage system outperformed both reduced tillage and no-tillage systems. In reduced
and no-tillage systems, the changes in the leaf area index of the safflower plant were similar, with the 100%
fertilizer application under reduced tillage having a more pronounced effect compared to no-tillage. Additionally, in
the absence of fertilizer in the no-tillage system, the leaf area index was lower. Fertilizer application increased the
plant's biological yield, but its impact was greater under conventional tillage compared to reduced and no-tillage
systems. Applying 33% of the required fertilizer in the conventional tillage system resulted in the highest biological
yield for safflower, leading to a 94% increase in biological performance compared to the control.

Conclusion

In most of the examined traits, the application of 33 and 66% of the fertilizer requirement caused the best results,
and the 100% fertilizer ratio left adverse effects, which indicates the lower fertilizer requirement of this cultivar in
the studied conditions compared to cultivars in other regions. Since the research was conducted in rainy years,
conventional tillage was better than low tillage. It is suggested that this plant's production amount be evaluated
under different irrigation conditions and moisture limitations so that tillage systems and management methods can
be examined and selected more carefully.

Keywords: Conservation agriculture, Conventional tillage, Crop management, No-tillage, Oilseeds
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Table 1- The meteorological parameters in meteorological stations in Kermanshah Province
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Month Rainfall amount (mm) Minimum temperature (°C) Average temperature (°C) Maximum temperature (°C)
ot October 125.3 6.8 12.3 17.7
»1 November 104 34 7.4 11.6
«> December 415 -1.3 4.5 10.2
ook January 96.3 -0.5 5.4 11
Sawl - February 79.1 0.1 6.5 12.2
o9 March 194.8 47 104 16.2
Cudgasd)l  April 175 6.6 16.7 24.4
b3 May 0 13 26 34
» June 0 16.6 29.9 387
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Table 2- The results of physical and chemical properties of soil at a depth of 0 to 30 cm

e s, | o oS e o6 G B sl
(ds/m) pH Soil text : Total Nitrogen Organic carbon Available Phosphorus  Available Potassium
oil texture
(%) (mg/kg)
0.86 7.4 clay loam 0.097 12 480
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Table 3- The results of variance analysis of the effect of treatments on leaf area index, dry matter, thousand seed weight, seed
yield and biological yield of safflower

Ol o (ke
Sources of variance of Mean square
Ol kS qlia Sy ol s ool I3 5 039 Wl a,Slas gt 3ySkas
- Thousand seed . - : .
Leaf area index Dry matter weight Seed yield Biological yield
ok 2 0.018 ns 3990.2 ns 16.32 ns 17446.53 ns 19791.18 ns
Block
‘5’:’9&5 2 3.236 ** 285413.4 ** 254.33 * 833773.6 ** 4349977.8 **
Tillage
ol sl 4 0.034 15.82 22784.9 318122.6
Whole-plot error
b?g_ 3 1.886 ** 92698.3 ** 110.42 ** 365973.9 ** 16217824 **
Fertilizer
. > X“””JF_ 6 0.153 * 22897.2 ** 36.22 ** 64150.2 ** 3068633.9 **
Tillage x Fertilizer
e ol 18 0.04 6.68 7864.5 247383.9
Split-plot error
A - 7 6.4 5.8 102

Coefficient of variation (%)

s I3 iz BMIBINS 5 o xe duoyd gty 9 S o )3 ity * ¥
**and * significant at 1% and 5% and ns, not significant respectively.
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Figure 1- The trend of safflower leaf are index changes in tillage and different fertilizer ratios a) conventional tillage, b)
reduced tillage and c) no tillage
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Figure 2- The results of the interaction effects of tillage and fertilizer on the maximum leaf area of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD=0.19). Also, the
error bars show the variability of the data and the closeness to the average).
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Figure 3- The trend of changes in safflower dry matter in tillage and different fertilizer ratios a) conventional tillage, b)

reduced tillage and c) no tillage
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Figure 4- The results of the interaction effects of tillage and fertilizer on dry matter of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD= 61.05). Also,
the error bars show the variability of the data and the closeness to the average).
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Figure 5- The results of the interaction effects of tillage and fertilizer on thousand seed weight of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD= 3.37).
Also, the error bars show the variability of the data and the closeness to the average).
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Figure 6- The results of the interaction effects of tillage and fertilizer on seed yield of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD=
2.73). Also, the error bars show the variability of the data and the closeness to the average).



VPer b7 — 0 oF ojlods FA alr (S g 0T @i YOA

B conventional tillage Breduced tillage Ono tillage
a

3 ,5los

Biologicalyield (g/m?)

)

N
N

N
D

%

7707

66
395 Ehuj

Fertilizer level (%0)

SO S § 3,508 2 395 9 (55,95 B Jalie O 51 gl -V JSud
Olise dlad slale yiomen (LSD=0/5%) 1ib 0 1o pd 8 Jois! pdaws 3 LSD Oya)"l by b bz OB oximd L ysiw o 4> gl By o)
(330 Ui 1y (:Sile &y (S35 9 ooy (g ppdy e
Figure 7- The results of the interaction effects of tillage and fertilizer on biological yield of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD= 5.66).
Also, the error bars show the variability of the data and the closeness to the average).
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Introduction

Soil texture is one of the most influential characteristics that affects the decomposition and retention of soil
organic matter, as it directly or indirectly impacts the soil's physical, chemical, and biological properties. Soil clays
play an important role in soil organic matter stability. Organic matter adsorbed on phyllosilicate clays is more
resistant to microbial decomposition than organic matter that has not interacted with any mineral. Exchangeable
cations through the influence of physical and chemical characteristics of the soil probably cause changes in the
absorption and retention of organic matter. In previous studies, the effect of soil texture on organic matter retention
has been investigated, but the impact of clay type and exchange cation has not been investigated. This study aimed
to examine the effect of different contents of vermiculite and zeolite clays and exchange cations on the
mineralization of organic nitrogen.

Materials and Methods

A factorial experiment was conducted in a completely randomized design with three replications to study the
effect of the type and content of clay and the type of exchange cations on organic nitrogen dynamics. Experimental
treatments include two types of clay (vermiculite and zeolite), four different levels of clay (0, 15, 30, and 45%), and
three types of exchangeable cations (Na*, Ca?*, and AI®*). The experiment included 24 treatments and three
replications. There were total of 72 experimental units. Artificial soil of 50 grams was prepared separately according
to the amount and type of clay and the type of exchange cation. "Next, alfalfa plant residues were added to all
samples at a rate of 5% w/w. After inoculating and air-drying the samples, the moisture content was adjusted to 60%
of the field capacity (FC) using distilled water. To prevent excess water from affecting the final moisture readings,
the samples were first air-dried, and then sufficient distilled water was added to each sample to achieve 60% of FC.
The samples were then kept in the dark for 60 days at a temperature of 23 °C. Distilled water was added and sealed
to the bottom of the incubation jars to keep the moisture content of the soil samples constant during incubation. The
percentage of mineralized nitrogen, microbial biomass nitrogen, and the activity of acid and alkaline phosphatase
and cellulase enzymes were determined in the prepared samples. The data were analyzed using ANOVA, and the
means were compared using Duncan's Multiple Range Test (DMRT). Before applying ANOVA, the data's normality
and variance homogeneity were checked using Kolmogorov- Smirnov and Levene tests, respectively. The SPSS
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software (Windows version 25.0, SPSS Inc., Chicago, USA) and SAS software (version 9.4, SAS Institute Inc.,
Cary, NC) were employed for data analysis.

Results and Discussion

The results of variance analysis of the data showed that the effect of the type and content of clay and the type of
exchangeable cation on the percentage of mineralized nitrogen, microbial biomass nitrogen, and the activity of acid
and alkaline phosphatase and cellulase enzymes were significant (p< 0.01). The results revealed that, regardless of
the duration of the samples, with the increase in the amount of clay, the percentage of inorganic nitrogen and the
activity of enzymes decreased, but the nitrogen of microbial biomass increased. The highest percentage of inorganic
nitrogen was obtained 60 days after incubation of the samples and in clays saturated with calcium, and the lowest
amount of these attributes was obtained 15 days after incubation of the samples and in clays saturated with
aluminum. The results showed that nitrogen mineralization increased with the samples' incubation time. Also, the
highest percentage of mineralized nitrogen, microbial biomass nitrogen, and enzyme activity were observed in soils
with vermiculite.

Conclusion

The increase in the incubation duration enhanced the percentage of inorganic nitrogen. The percentage of
mineralized nitrogen and microbial biomass nitrogen was higher in soils with vermiculite than in soils with zeolite.
Moreover, regardless of the incubation duration of samples, with increasing clay content, the percentage of
mineralized nitrogen and enzyme activity decreased, but with increasing clay nitrogen content, microbial biomass
increased. The highest and lowest amounts of mineralized nitrogen and nitrogen of microbial biomass were
measured in soils with calcium and aluminum, respectively. The results showed the effect of the clay type and
content and the exchangeable cation type on organic nitrogen dynamics.

Keywords: Aluminum, Organic matter, Sodium, Vermiculite, Zeolite
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Table 1- Properties of alfalfa residues and soil used in the preparation of inoculum

asg bl Organic carbon Total nitrogen Phosphorus Potassium
Alfalfa residues % - %
48.21 3.7 13 0.3 2.34
. pH EC Ji U")S 5 0)9)':3‘;
Sk Organic carbon Total nitrogen
Soil - pS/cm %
7 864 0.5 0.03
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Table 2- Characteristics of vermiculite and zeolite clays used in the experiment
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CEC Charge
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i oS S i pandS poriaogl]  idw S ogniegl]
Na Ca Na Ca Na Ca Al Na Ca Al
w'l’f <2 g5Q 742 49 46.74 1050 1.23 x 103 54 6.8 5 25 37 28
Vermiculite
Z%Jlfi 991 852 115.01 855 2540 2.54 x 108 55 6.4 4.8 26 39 31
eolite

SSA: Specific Surface Area

CEC: Cation Exchange Capacity

EC: Soil Electrical Conductivity

EGME: Ethylene Glycol Monomethyl Ether
BET: Brunauer Emmett Teller
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Table 3- The results of variance analysis of the effect of type and content of clay and type of exchange cation on
the percentage of mineralized nitrogen and microbial biomass nitrogen
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Figure 2- The effect of type and clay content and type of exchange cation on microbial biomass nitrogen
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Figure 1- The effect of type and clay content and type of exchangeable cation on the percentage of
mineralized nitrogen at different incubation times
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Table 4- The results of variance analysis of the effect of type and clay content and type of exchange cation on
activities of acid and alkaline phosphatase and cellulase enzymes
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Figure 3- The effect of type and clay content and type of exchangeable cation on the activity of acid phosphatase enzyme
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Figure 4- The effect of type and clay content and type of exchangeable cation on the activity of alkaline phosphatase enzyme
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Figure 5- The effect of type and clay content and type of exchangeable cation on the activity of cellulase enzyme
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Introduction

Research and development in high-potential agricultural areas are of great importance for ensuring the food
needs of the population and livestock. Neglecting these regions can lead to increased food prices and food
shortages, which can have a negative impact on the economy and public health. Land suitability maps provide
essential information for agricultural planning and are vital for reducing land degradation and evaluating
sustainable land use. The utilization of modern mapping techniques such as digital soil mapping and machine
learning algorithms can significantly improve the accuracy of land suitability assessment and crop performance
prediction. These methods have been widely employed as primary tools for mapping and evaluating land
suitability in various regions worldwide.

Materials and Methods

In this study, a total of 288 soil profiles were utilized to compute the land suitability index for wheat, barley,
and alfalfa crops. Various environmental variables were included, such as topographic factors derived from the
digital elevation model and spectral indices obtained from Landsat 8 satellite imagery. Eight key factors, namely
slope percentage, climate, texture, gypsum content, equivalent calcium carbonate, electrical conductivity (EC),
and sodium absorption ratio (SAR), were identified as influential in the assessment of land suitability. To
quantify the degrees of land suitability for the target crops, a parametric approach based on the square root
method was employed. Moreover, the random forest machine learning model was utilized for spatial modeling,
zoning mapping, and determining the significance of environmental variables in the land suitability evaluation
process. By incorporating these comprehensive methodologies, a more detailed and accurate understanding of
the land suitability for wheat, barley, and alfalfa cultivation can be achieved, facilitating informed decision-
making in agricultural planning and land management strategies.

Results and Discussion

The spatial prediction results demonstrated the effectiveness of the random forest model in classifying land
suitability for wheat, barley, and alfalfa. The model achieved high accuracy, with Kappa coefficients of 81%,
84%, and 85% for wheat, barley, and alfalfa, respectively. The overall accuracies were also impressive, reaching
86% for wheat, 88% for barley, and 89% for alfalfa. Analyzing the land suitability assessment results, it was
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found that barley had the highest land suitability class, covering a significant portion of 40% in class S1. Alfalfa
followed closely with 35.5% of the total area, and wheat occupied 32% in the same class. Delving into the
predictive environmental variables for barley, Diffuse, SHt, and MrVBF emerged as the most influential factors.
These variables played a crucial role in assessing the suitability of land for barley cultivation. Similarly, for
wheat, the variables Diffuse, MrVBF, and TWI were identified as significant indicators, contributing to the
accurate prediction of wheat performance. Regarding alfalfa, the variables MrVBF, Diffuse, and Valley_depth
stood out as the most important variables, providing valuable insights into land suitability for alfalfa cultivation.
In general, the limiting factors for irrigated cultivation of these crops were primarily associated with soil
properties. In the northern regions, soil texture was identified as a significant limiting factor, impacting the
suitability of the land for crop cultivation. On the other hand, in the southern regions, soil characteristics such as
the percentage of lime, gypsum, salinity, and alkalinity were recognized as the most influential limiting factors,
affecting the suitability of the land for successful crop production. These findings provide valuable information
for land planners, farmers, and decision-makers in determining suitable areas for wheat, barley, and alfalfa
cultivation. By considering the identified influential factors and addressing the limiting soil properties,
agricultural practices can be optimized to maximize crop productivity and ensure sustainable land use.

Conclusion

The research aimed to evaluate land suitability for wheat, barley, and alfalfa crops under irrigation. Data
selection focused on the most limiting factors for these crops. The model achieved acceptable predictions for
wheat, barley, and alfalfa, with Kappa coefficients of 0.81, 0.85, and 0.84, and overall accuracies of 0.86, 0.89,
and 0.88, respectively. Barley had the highest percentage of suitable land (40%), followed by alfalfa (39.5%) and
wheat (32%). Soil constraints varied across the study area, including texture, stoniness, lime, gypsum, salinity,
and alkalinity. The analysis identified 31 soil types, and the random forest model yielded a digital soil map with
a Kappa coefficient of 0.76 and overall accuracy of 0.81. The findings support effective land management and
agricultural planning.

Keywords: Digital soil mapping, Parametric method, Random forest, Suitability and digital assessment
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Table 1- Extracted indices from digital elevation model and Landsat 8 satellite images

o & &b
Variable Source Reference
ghaw oaijly jadls N Waruru et al., 2016
Diffuse Digital Elevation Model (DEM) '

Sdxite S ax boyd S ()lgen adli
Multi-Resolution Index of Valley Bottom Flatness (MrVBF)
el 5098y Jo
Digital elevation model (DEM)

3 el glis))

Standard height (SHt)

0)0 (Gos
Valley_depth
W) C)Lol )J)J] 059>
Modified catchment(m_catchment)
Topographic Wetness Index (TWI)
daxie S8 sy b atdy YU (gylgen s ls
Multi-Resolution Ridge Top Flatness Index (MrRTF)

Jboy gl
Normal _ Height(NH)

0s Jlog ALS sy a5l
Normalized Difference Vegetation Index (NDVI)

S sl
Saline Index

S by M3 asls
Difference Vegetation Index (DVI)

oo uasl
Clay Index

EW)l 058y Jao

. . Heung et al., 2017
Digital Elevation Model (DEM)
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- . Heung et al., 2017
Digital Elevation Model (DEM)
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. h Guo etal., 2019
Digital Elevation Model (DEM)
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. . Martinez & Munoz, 2016
Digital Elevation Model (DEM)
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. . Martinez & Munoz, 2016
Digital Elevation Model (DEM)
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. h Heung et al., 2017
Digital Elevation Model (DEM)

EW)l o8y Jao

- . Mosleh et al., 2016
Digital Elevation Model (DEM)
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. . Kimetal., 2019
Digital Elevation Model (DEM)
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o Roy et al., 2016
Landsat 8 satellite images
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o Khan et al., 2005
Landsat 8 satellite images

L Pu et al., 2008
Landsat 8 satellite images

R Gasmi et al., 2022
Landsat 8 satellite images
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Figure 2- Some auxiliary variables used in the modeling: A) Normalized Difference Vegetation Index (NDVI), B) MrVBF, C)
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Table 2- Classification of the Kappa index (Landis & Koch, 1977)

Ty
Explanation

LE s )Loi
Kappa values

Sl pas
No agreement
Slight agreement

Ol bwgie 5 Sles
Moderate agreement

bugio 3 Sles

Substantial agreement
u5> J)ﬂa&
Almost perfect agreement
S oySlas

Perfect agreement

0>

0-0.20

0.21-0.40

0.41-0.60

0.61-0.80

0.81-1.00
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Table 3- Descriptive statistics of soil properties in the study area

SK Sluogas oSile e 51 Bl ool ail iy digeS
Soil properties Mean  Standard deviation Median  Maximum  Minimum
oy 9.71 15.31 2 84 0
Gravel (%)
| ey G 7.19 2121 0 140.74 0
Sodium adsorption ratio (meg/l)
e 4.08 2.2 217 17.0 0
Slope (%)
B 445 15.19 0.83 124.2 0.17
Electrical conductivity (dS/m)
& 0.86 3.39 11 29.05 0
Gypsum (%)
Plas S oS 12.11 7.60 10.42 42 1.1

Calcium carbonate equivalent (%)
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Table 4- Identified soil types up to family level in the study area

. eold Coluo Slglyd 20y
Cod Famil Area (hectares)  Frequency percentage
1 Coarse-loamy over fragmental, mixed, thermic Typic Haploxerepts 93 0.15
2 Coarse-loamy, mixed, thermic Typic Haploxerepts 313 0.52
3 Coarse-loamy, mixed, thermic Typic Calcixerepts 84 0.09
4 Coarse-loamy, mixed, thermic Xeric Haplocalcids 92 0.10
5 Fine, mixed, thermic Typic Calcixerepts 319 0.35
6 Fine, mixed, thermic Sodic Xeric Haplocalcids 4578 5.08
7 Fine, mixed, thermic Sodic Xeric Haplogypsids 1402 1.56
8 Fine, mixed, thermic Xeric Natrigypsids 41 0.05
9 Fine, mixed, thermic Gypsic Aquisalids 6407 7.11
10 Fine, mixed, thermic Gypsic Haplocambids 104 0.12
11 Fine, mixed, thermic Sodic Xeric Calcigypsids 3535 3.92
12 Fine, mixed, thermic Sodic Xeric Haplogypsids 671 0.74
13 Fine, mixed, thermic Xeric Calcigypsids 733 0.81
14 Fine, mixed, thermic Xeric Haplocalcids 1684 1.87
15 Fine, mixed, thermic Xeric Haplogypsids 113 0.13
16 Fine, mixed, thermic Xerofluventic Haplocambids 773 0.86
17 Fine, mixed, thermic, Typic Haplocambid 937 1.04
18 Fine-loamy over fragmental, mixed, thermic Typic Calcixerepts 183 0.20
19 Fine-loamy, mixed, thermic Fluventic Haploxerepts 6829 7.58
20 Fine-loamy, mixed, thermic Typic Calcixerepts 8838 9.81
21 Fine-loamy, mixed, thermic Typic Haploxerepts 8564 9.50
22 Fine-loamy, mixed, thermic Xeric Haplocalcids 32 0.04
23 Fine-loamy, mixed, thermic Xeric Haplocambids 86 0.09
24 Fine-loamy, mixed, thermic Xeric Haplogypsids 3428 3.80
25 Loamy- skeletal over fragmental, mixed, calcareous, thermic Typic Xerorthents 2843 3.15
26 Loamy-skeletal, mixed, calcareous, thermic Typic Xerorthents 550 0.61
27 Loamy-skeletal, mixed, thermic Fluventic Haploxerepts 80 0.09
28 Loamy-skeletal, mixed, thermic Typic Calcixerepts 6073 6.74
29 Loamy-skeletal, mixed, thermic Typic Xerofluvents 601 0.67
30 Loamy-skeletal, mixed, thermic Xeric Haplocalcids 55 0.06
31 Sandy over fragmental, mixed, calcareous, thermic Typic Xerorthents 78 0.09
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Figure 4- Soil class prediction map of the study area using the Random Forest model at the soil family level
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Figure 5- Results of the MDA index in the process of modeling the digital soil map
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Table 5- Frequency distribution of land evaluation classes for wheat, barley, and alfalfa crops

i) P oS
2yl s s Alfalfa Barley Wheat
Land Suitability Colune Coaluo Colune Colune Colune Colune
Class Area Frequency Area Frequency Area Frequency
(hectares) percentage (hectares)  percentage  (hectares)  percentage
S1 23572 395 24262 40 19474 32.39
S2c 0 0 0 0 12192 20.28
S2n 114 0.18 233 0.38 2103 3.49
S2s 8529 14.18 9480 16 2540 4.22
S2t 1 0 0 0 32 0
S3c 4 0 45 0 0 0
S3n 209 0.34 582 1 109 0.18
S3s 12222 20.33 14913 25 12361 21
S3t 2867 5 1053 2 5 0
N 12420 21 9647 16.04 11300 19
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Figure 6- Land suitability map using the Random Forest method in R software: A) Wheat, B) Barley, C) Alfalfa
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Introduction

Recently, layered double hydroxides (LDHs) have attracted significant attention due to their various
applications, particularly as slow-release fertilizers for essential plant nutrients. Several studies have reported the
release of nitrate and phosphorus from LDHs. Additionally, micronutrients such as zinc (Zn), copper (Cu), and
manganese (Mn) can be structurally incorporated into the metal hydroxide layers. Recent research indicates that
LDHSs have considerable potential for releasing these micronutrients. However, further studies are needed to
enhance our understanding of the mechanisms and reactions of LDHs under different conditions. Currently, there
is a lack of information regarding the divalent (M?*) to trivalent cation (M3*) ratios in LDHs and the influence of
malic acid on the release of Zn, Mn, and magnesium (Mg) from these compounds. This study aimed to
investigate the effects of malic acid and the ratio of M*/M?* on the kinetics release of Zn, Mn and Mg from Mg-
Zn-Mn-Al-LDH intercalated with nitrate.

Materials and Methods

All chemicals used in this study including malic acid (C4HeOs), KCI, Zn(NOs)2:6H20, Mn(NO3)2'4H,0,

Mg(NOs3)2'6H20 and AI(NO3)-9H,O were of analytical grades, purchased from Chem-Lab or Merck Chemical
Corporations. The solutions were made with the decarbonated ultrapure water (electrical resistivity = 18 MQcm).
The LDHs were synthesized by co-precipitation method at constant pH=9.2-9.6. Two types of LDHs were
synthesized with varying the M*2(Zn+Mn+Mg)/M*3(Al) 3:1 and 4:1 in the precursor solution while being stirred
vigorously in a nitrogen atmosphere. The pH was kept at 9.2-9.6 by adding volumes of 3 M NaOH. The crystals
of LDH were ripened in the mixture for 2 h and after that, the precipitates were centrifuged at 3000 rpm for 20
min and washed several times with distilled water and placed in an oven at 70 “C for 8 h to dry. The chemical
composition of the synthesized LDHs was determined by furnace atomic absorption spectrophotometry
(SavantAA, GBC) after acid digestion. The physical, chemical, and morphological characteristics of the LDHs
were determined using X-ray diffraction analysis (Panalytical x Pert ProX-ray diffractometer), Fe-SEM (Sigma
VP), FT-IR (Nicolet iS10 spectrometer), and BET (BELSORP Mini II) techniques. A batch study was done to
determine the effect of different ratios of M?*/M3* in LDHs and the effect of malic acid on release of Zn, Mn,
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and Mg from LDH (3:1) and LDH (4:1). Briefly, 0.01 g of synthesized LDH were put in a centrifuge tube mixed
with 10 ml background electrolyte (KCI 0.01 M) and 1.25 mM malic acid in initial pH=6-7 and constant
temperature (25+0.5 °C). Blank samples (without ligand) were also considered. Suspensions were shaken at
periods ranging from 5 to 720 min agitation (180 rpm). Then, the supernatant solution was separated using a
centrifuge at a speed of 4000 rpm for 20 min. Zn, Mn, and Mg concentrations in supernatants solutions were
determined by graphite furnace atomic absorption spectrophotometry. The effect of pH in the range of 5 to 10 on
the release of Zn, Mn, and Mg from LDH was also studied. Two equations (pseudo-second-order and Elovich)
were used to fit the kinetics data.

Results and Discussion

The results showed that the calculated molar ratio of divalent cation to trivalent cation was similar to their
molar ratio in the solution prepared for the synthesis of LDH samples. The X-ray diffraction patterns of LDH
(3:1) and LDH (4:1) samples showed the existence of strong and sharp peaks for 003 and 006 plates.
Accordingly, the reflections of the 003 and 006 plates revealed the layered structure of the synthesized LDH
materials. Two bands of FT-IR spectrums around 3480 and 1620 cm™ for all synthesized LDH materials
designated stretching vibrations of the O-H group of hydroxide layers and the interlayer water molecules. The
sharp characteristic band around 1382 cm™ in LDH (3:1) and band around 1354 ¢cm™ in LDH (4:1) was
attributed to the antisymmetric stretching mode of nitrate anion in LDH. The specific surface area of LDH (3:1)
and LDH (4:1) were 5.50 m?g* and 16.54 m?g* respectively. The average pore diameters in LDH (3:1) and LDH
(4:1) were 1.92 nm and 2.55 nm, respectively. Time-dependent cumulative release of Zn, Mn, and Mg from
LDH (3:1) and LDH (4:1) in the presence and absence of malic acid was investigated. Time-dependent Zn, Mn,
and Mg release from LDH (3:1) and LDH (4:1) was accelerated in the presence of malic acid. The Zn, Mn, and
Mg release from the LDHs was likely to be separated into two stages. In the initial stage from 0 to 60 min, the
release rate of Zn, Mn, and Mg was rapid, then either remained constant or slightly enhanced during 60—720
min. In this research, among the non-linear models used to determine the release kinetics of Zn, Mn, and Mg,
the result with the highest R? values was chosen. The R? values were 0.91-0.99, 0.93-0.99, 0.93-0.99, 0.89-0.99,
and 0.55-0.86 for pseudo-first-order, pseudo-second-order, Elovich, power function, and parabolic diffusion,
respectively. So, pseudo-second-order and Elovich models were used to analyze kinetic data. The amounts of
release of Zn, Mn and Mg were higher from LDH (4:1) than from LDH (3:1) because of greater specific surface
area, volume, and pore diameter in LDH (4:1). A comparison of metal release versus time profiles exhibited that
dissolution was greatly dependent on the pH.

Conclusion

The results of this research indicated that the release of Zn, Mn, and Mg from layered double hydroxides
(LDHs) was influenced by factors such as time, ligand, solution pH, and the type of LDH. According to the
kinetics models fitted to the experimental data, the release rate of Zn, Mn, and Mg from LDH (4:1) was higher
than that from LDH (3:1). In both types of LDHs, the presence of malic acid significantly increased both the rate
and amount of Zn, Mn, and Mg release compared to the absence of malic acid. While this study demonstrated
that varying the ratios of divalent to trivalent cations can influence the amount and rate of Zn and Mn release,
further greenhouse studies are required to confirm the effectiveness of LDH as a slow-release fertilizer in
calcareous soils.

Keywords: Layered double hydroxide, Organic acid, Micronutrients, Slow-release fertilizer
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Table 1- Used kinetic models
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Table 2- Chemical composition of LDH (3:1) and LDH (4:1)
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LDH Type Zn (%) Mg (%) Mn (%) Al (%) Mole ratio of M?*:M3*
LDH(3:1) 34.535 7.815 30.146 5.185 3.175

LDH(4:1) 27.15 2.48 22.14 3.89 4.20
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Figure 1- XRD pattern of LDH (3:1) (A) and LDH (4:1) (B)
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Table 3- Specific area, pore volume and mean pore diameter in LDH (3:1) and LDH (4:1)

LDH ggi 38le yhad (ke REIIIIPESN o9 aw

LDH type  Mean pore diameter(nm)  Pore volume (mm?3g1)  Specific surface (m?g™)
LDH 3:1 1.92 3.11 5.50

LDH 4:1 2.55 10.01 16.54
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Figure 3- The kinetics of Zn (a), Mn (b) and Mg(c) released from LDH (3:1) and LDH (4:1) in the absence (Ctrl) or presence
of malic acid. Curves have been fitted as pseudo-second-order
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Table 4- Elovich and pseudo-second-order models parameters fitted to the release data of Zn, Mn, and Mg from LDH in the
absence (Ctrl) and presence of malic acid (MA)
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Introduction

Zagros oak forest ecosystem is one of the largest forest ecosystems under destruction in Iran, which is of
great importance in terms of water and soil protection. Moisture stress in recent years has caused the
deterioration of these forests in a wide area. Iranian oak (Quercus brantii Lindlb.) is the main tree species
forming these forests. Potassium (K) is considered to be the most important nutrient cation in terms of its
quantity in plant tissue and its physiological and biochemical functions. Soil tests measure the quantity of a
nutrient element that is extracted from soil by a particular extracting solution. Over the years, many different soil
testing methods and extracting solutions were evaluated to identify a technique that provides the most reliable
prediction of crop yield response to nutrient application. It was determined that some soil testing procedures are
best suited for particular soil types and climatic regions. There has been no research on the general status of K in
the soil of Zagros forests, related to oak trees. It is important to identify appropriate potassium (K) extractants for
assessing the available K in these soils. Therefore, this research was conducted to achieve these objectives in
several forest areas within the province.

Materials and Methods

Ten forest areas with dominant coverage of oak trees were selected in different parts of Kohgiluyeh and
Boyerahmad Province. The physiochemical properties of the soil samples were determined based on standard
methods. Soil pH, texture, electrical conductivity, calcium carbonate equivalent (CCE), organic carbon, and
cation exchange capacity (CEC) were identified. The content of K present in different forms was determined by
standard methods. Solution K was measured in the saturated extract. Exchangeable K was determined by
extraction of 5 g soil sample with 20 mL 1 M NH4OAc (pH 7) for 5 min. Nitric acid-extractable K was measured
by extraction of 2.5 g soil sample with 30 mL of boiling 1.0 M HNO; for 1 h. Non-exchangeable K was
calculated as the difference between HNOs-extractable K and NH4sOAc-extracteable K. Total K was determined
following digestion of 0.5 g soil sample with 10 mL of 48% HF and 1 mL of aqua regia. The 12 extracting
solutions were 1M NaCl, 2M NacCl, 0.01M CaCl,, Morgan, AB-DTPA, 1M NH4OAC, 0.25M NH,OAC, 1M
MgOAC, 1M NaOAC, 2M HCI, 0.1M HNOs;, and 0.025M H;SO.. The K content of leaf samples was
determined in 1g of each sample. The samples were dried and then ashed in 450°C for 4 h. 2M HCI was used to
digest the samples. Potassium was measured on all filtrated extracts using a Corning 405 flame photometer.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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The soils are all calcareous (average of 42.9 and 44.7% CCE in surface and subsurface, respectively), with
pH in the range of 7.0-7.8. The textural classes were sandy clay loam, clay loam, and clay. The range of soluble
potassium is between 4.8 to 32.7 with an average of 15.4 mgkg™, exchangeable potassium from 65.1 to 364
(with an average of 247 mgkg™, non-exchangeable potassium from 106 to 876 with an average of 515 mg kg,
structural potassium was from 761 to 7322 with an average of 4026 mgkg™and total potassium was from 1051 to
8110 with an average of 4493. Soluble, exchangeable, non-exchangeable, and structural potassium were 0.49,
9.6, 12.1, and 77.8%, of the total K, respectively. Among the 12 tested methods, 1.0 mol L* NH4OAC extracted
the highest amount of K (mean 229.3 mg kg, ranging 64.9-384.2 mg kg™) and 1.0 mol L** MgOAC removed
the lowest amount of K (mean 53.0 mg kg*, ranged 19.1-88.0 mg kg™). Correlation coefficients between K
extracted by 12 extractants were positive and significant. The highest correlation between leaf K and soil-
extracted K was observed with AB-DTPA, 0.25 M NH4sOAC, 1M NaCl, and Morgan-Wolfe extractants (r =
0.60, 0.59, 0.56, and 0.55, respectively). The lowest correlation was found with 2 M HCI and 0.025 M H,SO4 (r
= 0.41 and 0.44, respectively). The potassium content in oak leaves, ranging from 0.65% to 1.18%, showed a
significant correlation with exchangeable soil potassium. In 50% of the oak leaf samples, potassium levels were
below the critical threshold of 1%. Overall, 1 M NaCl and 0.25 M NHiOAC are recommended as potassium
extractants due to their higher correlation with leaf K, simplicity of use, and cost-effectiveness

Conclusion

The results of this research showed that the range of the values of different forms of K in different parts of
the province had a relatively large difference (6- and 8-times difference in exchangeable and non-exchangeable
K values). The available forms of K in the western regions of the province, which receive less rainfall, were
generally higher than in the more humid eastern regions. In 60% of the studied areas, the average exchangeable
K was below the critical threshold of 250 25 414 5 JS& S, 40 W aal 5 of soil. Similarly, the average leaf K content
in 50% of the samples was below the critical level. Given the importance of K in the nutrition of oak trees and its
role in helping them cope with environmental stress, particularly soil moisture deficiency, it is recommended to
closely monitor K levels in the soils of the province's forested areas. Additionally, fertilization and foliar
spraying of trees in certain forest areas should be considered.

Keywords: Ammonium acetate, Exchangeable potassium, Forest soil, Oak leaf
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Figure 1- Location of sampling points in Kohgiluyeh and Boyerahmad province
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Table 1- General data of the studied locations
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Soil No. (°C) SMTR (m) classification
(mm) (m) (m)
1 P 530 21.4 Xeric-Thermic 485456 3399373 1134 Lithic
Abarm Xerorthent
. _X el H .
o> 480 225 CTC-FYPET 480220 3390800 860 Typic
Kheymand thermic Xerorthent
oBSen 860 13.0 Xeric-Thermic 558692 3377529 1980 Typic
Perikedan Haploxeroll
4 e 710 119 Xeric-Mesic 550488 3401194 2017 Typic
Sisakht Argixeroll
Sl :
5 © 970 11.4 Xeric-Mesic 557365 3397328 1889 Typic
Kakan Calcixerept
sl ic- i
6 : 430 226 Ustic- 523710 3354623 778 Typic
Basht Hyperthermic Calciusetpt
7 £y 495 212 Xeric-Thermic ~ 475582 3399158 717 Typic
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5 .
8 7 860 13.0 Xeric-Mesic 550403 3384720 1915 Typic
Vezg Haploxeroll
i ~Xeric- H ithi
9 ) 500 20.8 eric-FYPET 480092 3401492 927 Lithic
Arand thermic Xerorthent
10 et 820 15.1 Xeric-Thermic 558966 3392595 1934 Typic
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Table 2- Chemical extractants used to extract available soil potassium

oo S las chle M olasiSB s b o5 e e
Rlo Ex“trz:ctant Concentration Soil:Extractant Shaking time Refe}ence
: (M) ratio (min)
1 ol 5»)9‘99“ 0.025 1:10 30 Knudsen et al., 1990
Sulfuric acid
|
) KW dv..»_e.)lf _ 2 1:10 30 Tiwari et al., 1995
Hydrochloric acid
3 Ay - 1:10 30 Jones, 1990
Morgan wolfe
4 e Sl 1 1:10 10 Knudsen et al., 1982
Sodium acetate
o ol
5 e 1 1:20 10 Mustscher, 1995
Magnesium acetate
6 e L)l _ 1 1:10 15 Martin & Sparks, 1983
Sodium chloride
7 e L)l _ 2 1:10 15 Martin & Sparks, 1983
Sodium chloride
8 Mf Ae.)lf_ 0.01 1:10 60 Salmon, 1998
Calcium chloride
DTPA® —psissl il
AT gl oS - 1:10 10 Jones, 1990
Ammonium bicarbonate-DTPA
5g0] lial
10 Fowse 0.25 1:5 30 Rowell, 1994
Ammonium acetate
1 f%i}:ol ol 1 1:5 30 Rowell, 1994
Ammonium acetate
12 -\w‘&)w 01 1:10 30 Knudsen et al., 1982
Nitric acid

oo o[+ DTPA 4§ Vg0 ) el @linS o Joli™ Sl ol g oo sl Jols®
" Sodium acetate +Acetic acid. ** Ammonium bicarbonate 1M +DTPA 0.005 M.
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Table 3- Physical and chemical properties of the studied soils

WS - ol M cud b Culaa
P R I - s . {;b
A Sand Silt Clay el o o Joleo s o S
Soil no. Textural . _ OC CCE CEC EC
% class? P % % cmolwkg? dSm?
11 492 240 267 SCL 757 2094 57.2 35.9 0.52
1-2 492 280 227 L 762 183 60.5 22.4 0.52
2-1 233 240 527 c 738 217 56.0 485 071
2-2 226 250 524 c 742 026 455 52.2 0.62
31 256 300 444 c 700 6.22 41.1 48.9 1.38
3-2 217 216 447 c 724 571 42.0 50.0 0.84
4-1 293 260 447 c 729 7.07 18.0 53.3 1.29
4-2 306 200 494 c 716 294 221 57.6 0.84
5-1 442 280 278  CL 711 520 435 435 0.74
5-2 394 274 332 CL 741 115 49.1 39.1 0.52
6-1 246 320 434 c 723 6.3 395 51.1 1.06
6-2 237 320 443  CL 731 3.49 436 48.9 0.60
7-1 246 364 390  CL 736 537 39.3 45.7 0.65
7-2 253 350 397  CL 739 324 45.4 424 0.56
8-1 273 300 427 c 711 6.8 424 424 1.10
8-2 193 300 507 c 716 285 49.7 45.7 0.82
9-1 212 384 404 c 757 226 411 35.9 0.62
9-2 256 280 46.4 c 758  1.06 48.8 37.0 0.44
10-1 471 260 269 SCL 757 443 51.2 315 122
10-2 453 330 217 L 780  2.64 55.0 28.3 0.61
AVerage 317 295 388 - 732 480 42.9 436 0.93
0-30 cm
Average a8 286 405 - 741 252 44.7 42.3 0.64
30-60 cm
oSike
Total 313 200 397 - 736 3.66 438 43.0 0.78
Average

Al oo yia Bl YomFe g o=Ve Gos  bgye cip 4 Y 9 ) o)l b oS!
1Soils numbered 1 and 2, correspond to the depth of 0-30 and 30-60 cm, respectively.
2SCL=Sandy clay loam, CL=Clay loam, L=Loam, C=Clay

e I¥ iy Sledl o (Jolops ( ol (Jsbre (slapumly
pawls Sl fe Lad e 4381 0 Laloaly olaid] dgs 4y adlllas
o=l s wcanl des izl i SB e J’*’“{P Jslore
i 3 g a5 el (gly SIS yrin  Swdlen Vil yal
5290 sty JUil 5 ALS (sl oSSl ST Jolous & el
Al e i )0 e Jdod maw 4 Glesl 51 S gl 4o
ool ol odd 5155 e g ()l lwgi ol gl
bz slacsl 3 55 (Il 5 (ol pewly ke b
P @S b S i (Soles b o ialS Ges 4 pdaw
Mu@)b5g>da.m).s) dl.m_{l.’s A Cuwwd L;r.la.w dLmJB
2 S sl jlags 51 0ndalil ol eslty e (092
03 yo i 2 )_,o\ ‘_')_;.I BYs 5l sl cladd oyl oJ.g)l}m bl

[(Ahrari et al., 2017) cuol suis

250 SLaSE )3 gl (oo @5 g pamly o clo S

Jodze muwlty Gl g0 lodds ooy i ¥ gl 53 adllas
dilaie odaw SE) YYIV b (Mo dibate oy 1) FIA (o
LS maly «SBp)55kS )3 £,5 ooV (ke L (S
il odaw SLS) YEF/V U (zgwly ddlate oy pj S1) 50/
Pl sy S p 5L )3 .5 oo YFV S0k L (23l
dilaie e SLE)AVE U (zawly ailate oy pj SB) V-5 5l
oy «SLS )59 LS )3 £ S (o DV (:Slie b g (S o
ies SB)YIYY b (ol ddlate oo S1B) VEY 5l Sladl
5 SLS S5 LS 5 0y S ko VP Sl b (o o allaio
S MV U (p ol ailbaio oxa o S1B) VodY oS sy
S oSS 13 5 oo PRAY (1 Slio b (S g allate 03
2 el G S ady 3lie ¢ SloiBlo mawly j2> 4 Casl 035
3 Aoy 1ad el odg s iy SISl i dew S



oY

Aoy 90 9 49 gbSeS (bl bgly sla S S 50 by Camdg (b iyl ooyl ) K0n 9 (Sl

" andllae 3550 (SSE )3 Ll o 22595 9 paly lido (UKL —€ Jgi>
Table 4- Different forms of potassium and their relative distribution in the studied soils

rally (5SS by (5L S
S o,lowd Potassium forms (mgkg) Potassium forms (%)
Soil No. Jolowe PHN AL RPWS Sles b g5 Jelowo REN (P e ol lw
Solution Exch. Non-Exch. Structural Total Solution Exch. Non-Exch. Structural
1-1 21.0 230 290 761 1051 2.00 21.9 27.6 48.4
1-2 9.62 108 177 1688 1865 0.52 5.79 9.50 84.2
2-1 22.9 300 324 2686 3010 2.27 29.6 321 35.9
2-2 4.80 244 601 3312 3913 0.16 8.37 20.6 70.8
3-1 20.6 258 536 4522 5058 0.41 5.10 105 83.9
3-2 20.6 255 599 5635 6234 0.33 4.08 9.61 85.9
4-1 24.4 360 876 6109 6985 0.35 5.15 125 81.9
4-2 8.92 301 788 7322 8110 0.11 3.71 9.72 86.4
5-1 16.6 253 347 3516 3863 0.43 6.54 8.99 84.0
5-2 10.0 114 224 3617 3841 0.26 2.96 5.83 90.9
6-1 129 364 790 5192 5982 0.22 6.09 13.2 80.4
6-2 17.0 299 667 3956 4623 0.37 6.47 144 78.7
7-1 145 279 570 4822 5392 0.27 5.18 105 83.9
7-2 5.40 163 466 4941 5407 0.10 3.02 8.61 88.2
8-1 32.7 351 657 4646 5303 0.62 6.63 12.3 80.3
8-2 12.6 245 406 4704 5110 0.25 4.79 7.94 87.0
9-1 11.4 165 409 4609 5018 0.23 3.28 8.16 88.3
9-2 4,90 148 377 6032 6409 0.07 2.30 5.88 91.7
10-1 30.7 115 126 1276 1402 0.40 1.02 14.1 84.4
10-2 5.80 65.1 106 1190 1296 0.47 5.95 7.08 86.5
Average 0-30cm 20.9 281.2 594.5 3813 4306 0.72 9.06 15.0 75.2
Average 30-60cm 9.8 2135 434.6 4240 4681 0.26 4.74 9.62 85.4
ol 15.4 247.3 515 4026 4493 0.49 9.60 12.1 77.8
Average
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1Soils numbered 1 and 2, correspond to the depth of 0-30 and 30-60 cm, respectively.
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Table 5- The amount of potassium extracted by the extractants in the studied soils (mgkg™) and the amount of potassium in

oak leaves
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12 492 320 1202 1175 470 296 53.4 275 666 604 630 1079
2-1 1158 880 3185 325 1319 855 1505 697 2122 1786 1861 2701
2-2 483 315 1766 2486 438 274 38.4 438 493 548 665 1538
3-1 1058 572 2602 2782 853 582 84.4 500 1127 1102 1292 2304 o
3-2 1026 520 2782 2752 773 4738 75.7 549 977 1019 1203 2089
41 1025 664 3882 3842 996 5338 815 845 1159 1230 1605 3178 o
42 627 441 3036 3006 683 416 50.4 576 798 858 1074 2533
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Figure 2- Correlation between oak leaf potassium and different forms of soil potassium (Average of two depths)
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Table 6- Correlation of different forms of potassium with some soil characteristics (Average of two depths)
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Table 7- Correlation coefficients between average potassium of two depths extracted by extractants and leaf potassium
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Introduction

The comprehension of the hydrogeological conditions of the aquifer and the determination of its hydraulic
characteristics, such as hydraulic conductivity, transmissivity coefficient, and specific storage, are crucial for the
management and preservation of groundwater resources. Various conventional methods, including empirical
formulas, laboratory techniques (constant and falling head), tracer tests, field tests (Lugeon, Lefranc, slug,
flowmeter, and pumping tests), and groundwater inverse modeling, are employed to establish these characteristics,
particularly hydraulic conductivity. Empirical formulas are limited to ideal conditions, and in laboratory methods,
the sample must be kept undisturbed. Due to the impracticality of measuring large-scale effective factors, the
hydraulic conductivity determined through laboratory methods is also the only representative of the hydraulic
conductivity at the sampling point. Tracer studies encounter numerous constraints, such as time, cost, porosity
determination, and tracer dispersion in multilayered aquifers. It is also difficult to determine the average
hydrodynamic properties of the heterogeneous aquifer based on the data obtained from a specific section of the
Lefranc and Slug tests. Consequently, pumping tests are commonly selected for hydraulic parameter estimation.
Although costly and time-intensive, these tests provide more precise coefficients. Geophysical methods have been
greatly developed during the last two decades and have shown a significant correlation with the hydraulic
parameters of the aquifer derived from borehole pumping tests or direct laboratory measurements. This approach
minimizes uncertainties in numerical model calibration, improves data coverage, and reduces the time and cost of
regional hydrogeological investigations. The conventional approach, known as the electrical resistivity method, is
still widely used in global and local research projects for evaluating aquifer hydraulic characteristics (lge et al.,
2018; Arétouyap et al., 2019; Youssef, 2020; Ullah et al., 2020; de Almeida et al., 2021; Lekone et al., 2023).
Therefore, this study aims to use the integrated approach of the geophysical method and pumping test as a cost-
effective and efficient alternative for estimating the hydraulic parameters of the alluvial aquifer in the northeast of
Gachsaran city.

Material and Methods

The research area is an alluvial aquifer located 5 km to the northeast of Gachsaran, between coordinates 50-
52 to 51-09 E longitude and 30-15 to 30-28 N latitude. Using 86 vertical electrical soundings, Archie's equations,
and the IPI2win software, the hydraulic characteristics of the aquifer under investigation were estimated.
Subsequently, these characteristics were then compared to the coefficients derived from the data of two pumping
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test wells, which were calculated using the Aquifer test software and obtained via the Cooper-Jacob and Neuman
methods.

Results and discussion

The hydrodynamic coefficients of the aquifer were initially determined using the Cooper-Jacob method in this
study. The hydraulic conductivity values for wells one and two are 4.9 m/day and 5.7 m/day, respectively.
Correspondingly, the storage coefficient values for wells one and two are 0.015 and 0.021, respectively. Based on
the Cooper-Jacob approach, it is deduced that if the storage coefficient values exceed 0.001, the aquifer is classified
as unconfined. In this study, the storage coefficient values for both pumping wells suggest that the aquifer is
unconfined. Since the vertical flow component and the delayed yield phenomenon should also be taken into
account in unconfiend aquifers, the Neuman analytical model has been used in the studied aquifer. The values of
specific yield (Sy) for pumping wells one and two, which are related to delayed vyield, are 0.05 and 0.04,
respectively. These values were calculated by analyzing the first segment of the curve derived from the Neuman
logarithmic drawdown-time plot. The storage coefficient values for pumping wells one and two, extracted from
the second section of the curve, are 0.015 and 0.021, respectively. Furthermore, the transmissivity value for well
number 1 was 323 m?/day, while for well number 2, it was 655.5 m?/day. The vertical electrical sounding (VES)
data were subsequently initially analyzed and interpreted using the IPI2win software and the equalization curve
method (partial curve matching technique). The coefficients denoted as m and n, indicative of the degree of
cementation of the sediments, were determined based on the sedimentary composition prevalent in the area.
Archie's equations were employed to calculate the formation factor and porosity parameters. The aquifer exhibits
a porosity range of approximately 0.15 in the eastern and southeastern parts (near the outlet of the plain) and
around 0.41 in the centeral, northern, and northwestern sections of the area (next to the Asmari Formation). The
specific yield (Sy) of the aquifer was calculated using the provided formula:

1

1 2
P, .m P \"
Sy=(—) [1-(i> ]
sat unsat
The minimum and maximum specific yield were estimated as 0.006 (in the eastern and southeastern regions)
and 0.089 (in the western and northwestern regions of the plain), respectively, with an average value of 0.04. The
transmissivity coefficients for the entire aquifer were then calculated based on the fitted relationship between
hydraulic conductivity (K) and formation factor (F):
T=Kb=(K=-0.1x>+2.05x-4.5) x b
The range of transmissivity coefficients varies from a minimum of 63 m?/day (in the western and northwestern
sections of the plain) to a maximum of 608.9 m%day (in the eastern and southeastern areas). The average
transmissivity coefficient is calculated as 323.7 m?day. To ensure the precision of the geoelectric method's
coefficients, a comparative analysis was conducted with the hydrodynamic coefficients obtained from the two
pumping test wells, as presented in the table below:

K(m/d) T(m?/d) Sy
Well No. PT VES® PT VES PT VES
1 49 36 323 237 0.05 0.05
2 57 55 655.5 6325 0.04 0.03

*PT: Pumping Test; VES: Vertical Electrical Sounding

Conclusion

The evaluation and comparison of the hydrodynamic coefficients derived from the aforementioned methods
indicate that the geoelectric method coefficients exhibit acceptable agreement with the pumping test coefficients.
In other words, the analysis of the pumping test conducted using the Neuman technique in the unconfined aquifer
revealed that well number two displayed a greater transmissivity coefficient, while well number one presented a
higher specific yield. These findings are confirmed by the geoelectric approach. Consequently, such hybrid
approaches, which include simultaneous analysis of geophysical methods (such as VES) and pumping tests will
be a great alternative to multiple costly pumping tests for evaluating the hydrodynamic coefficients of an aquifer.
Moreover, employing this hybrid technique enables the generation of dense hydrodynamic coefficients in an
aquifer for use as inputs in the groundwater model.

Keywords: Gachsaran, Hydrodynamic coefficients, Pumping Test, Vertical Electrical Soundings
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Figure 1- The location of pumping test points (exploration wells), vertical electrical sounding, and piezometers in the study
area on a geological map
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Table 1- The data of pumping wells in the alluvial aquifer at the north-east of Gachsaran City
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Table 2- Computational values of hydrodynamic coefficients by Jacob's method in pumping wells of alluvial aquifer at the
north-east of Gachsaran city
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Figure 4- the location of pumping test data on the Neuman time-drawdown log-log plot for pumping well 1 (a) and
pumping well 2 (b)
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Table 3- Computational values of hydrodynamic coefficients by Neuman's method in pumping wells of the northeastern
Gachsaran City alluvial aquifer

2 jlowd Job o2 shog (2
ols wlilyis olilas  Discharge " b T K
> A > A > 7 (m) S Sy
Well  Longitude  Latitude flow rate (m) (m*/day)  (m/day)
No. [X(UTM)] [YUTM)] [Q(m¥d)]
1 490198 3356156 1.86 5 20 66 323 4.9 0'501 0.05
2 496428 3353645 1.65 5 20 115 655.5 5.7 0'](_)2 0.04
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Figure 5- Porosity map of the northeastern Gachsaran City alluvial aquifer
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Figure 6- Specific yield map of the northeastern Gachsaran City alluvial aquifer
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Figure 8- Hydraulic conductivity (m/day) map of the alluvial aquifer at the north-east of Gachsaran City
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Figure 9- Saturated thickness (b(m)) map of the alluvial aquifer at the north-east of Gachsaran City
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Table 4- the values of specific yield, formation factor, porosity, hydraulic conductivity, and transmissivity in the aquifer
obtained by the geoelectric method

b jloss Job 02X S S ol

sl JPEY V| JE TSR] V| JEN Electrical K T
Wel|  Longitude  Latitude conductivity =~ Psat  Punsat - pw F Sy ®  (miday) (m¥day)
ell [X [Y Ecw

No. yTmy  (uTMm)]  (umhos/icm)

W1 487140 3357030 857 68.9 1404 11.67 59 0.076 0.05 1.8 115.75
W2 486290 3356030 1130 33.9 61.3 8.85 3.8 0.091 0.02 4.11 265.35
W3 488910 3356910 420 1321 200 2381 554 0.05 0.02 3.8 228.44
W4 491200 3356500 428 1219 1609 23.36 5.21 0.036 0.03 3.5 211.11
W5 492000 3356160 572 116.3 1804 17.48 6.65 0.045 0.01 4.7 289.62
W6 493650 3355370 406 100 118.7 2463 4.06 0.027 0.04 1 62.63
W7 493501 3353713 1220 90 93 8.2 10.98 0.002 0.03 5.6 358.28
W8 494400 3354980 438 100 180 22.83 438 0.081 0.03 2.2 144.98
W9 498460 3352280 795 43.9 59.6 12.58 3.49 0.054 0.06 2.5 188.52
W10 496550 3354320 631 150 1946 1585 9.46 0.021 0.04 2.8 222.5

w11 495472 3353505 906 71.7 83.6 11.04 7.03 0.008 0.04 49 470.32
W12 496801 3351690 1606 42 44 6.23 6.74 0.005 0.02 5.9 699.07
W13 497010 3353350 837 95 100 11.95 7.95 0.005 0.01 4.7 490.06
W14 497810 3353870 1120 100.3 1104 8.93 11.23 0.007 0.04 5.4 620.6

W15 492006 3354906 508 61.9 100 19.69 3.14 0.088 0.02 59 661.25
W16 495300 3352100 1047 43.9 59.6 9.55 459 0.043 0.02 1.4 152.21
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Table 5- A Comparison between the results obtained through pumping test and geoelectric methods

ola o, Lo K(m/d) T(m?/d) Sy

Well No. PT" VES* PT VES PT VES
1 4.9 3.6 323 237 0.05 0.05
2 5.7 5.5 655.5 632.5 0.04 0.03

“PT: Pumping Test, VES: Vertical Electrical Sounding
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