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Introduction

The basic strategy to mitigate water crisis is to save agricultural water consumption by increasing productivity,
which will result in more income for farmers and sustainable production. Due to the economic importance of
barley production in the country, it is necessary to study the volume of irrigation water and water productivity to
produce this strategic product. Based on extensive field research on irrigation water management and application
of different irrigation methods in barley farms, the innovations of this research were: a) measuring water consumed
and determining water use efficiency in barley production, b) the up-to-date of the measurements and research
findings, c) findings applicability for application in agricultural planning at the national and regional levels, d) the
ability to development the findings in barley farms at the national level to improve water use efficiency. The
hypotheses of this research are: a) barley irrigation water is various in different regions, b) water applied in barley
farms is more than the required one, c) the water use efficiency of barley is different in the main production areas,
and d) The applied water of barley is not the same in different irrigation methods. Therefore, the main objective of

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
B any medium or format, as long as you give appropriate credit to the original author(s) and the source.
https://doi.org/10.22067/jsw.2023.82302.1284
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this study is to determine the water consumed and water use efficiency in barley production; to measure the water
applied to barley farms in the main production areas; to compare the water measured in the production areas with
the net irrigation requirement; and finally to determine water use efficiency of the barley in the main production
areas in the Iran.

Materials and Methods

For this purpose, the volume of irrigation water and barley yield in 296 selected farms in 12 provinces (about
75% of the area under cultivation and production of barley in Iran) including Khuzestan, East Azerbaijan, Ardabil,
North Khorasan, Fars, Khorasan Razavi, Tehran, Semnan, Markazi, Isfahan, Hamedan and Qazvin were measured
directly. Farms in the mentioned provinces were selected to cover various factors such as irrigation method, level
of ownership, proper distribution and quality of irrigation water. By carefully monitoring the irrigation program
of selected farms during the growing season, the amount of irrigation water for barley during one year was
measured. At the end of the season and after determining the average yield of barley during the 2020-2021 year,
the values of irrigation water productivity and total water productivity (irrigation+effective rainfall) were
determined in selected barley farms in each region. The volume of water supplied was compared with the gross
irrigation requirements estimated by the Penman-Monteith method using meteorological data from the last ten
years, and compared with the values of the National Water Document. Analysis of variance was used to investigate
the possible differences in yield, irrigation water and water productivity in barley production.

Results and Discussion

To assess the reliability of statistical analysis, we evaluated the sufficiency of the number of measurements
needed for both the quantity of irrigation water and the ley yield on the farms. Subsequently, we computed
statistical indices, such as the mean and standard deviation. The results showed that the number of measurements
of irrigation water and barley yield was to be 296 and 283, respectively, which was more than the number of
measurements required for irrigation water (41 dataset) and yield (50 dataset). Therefore, the sufficiency of the
data for the statistical analysis was reliable. The results showed that the difference in yield, volume of irrigation

water and water productivity indices were significant in the mentioned provinces. The volume of barley irrigation
water in the studied areas varied from 1900 to 9300 cubic meters per hectare and its average weight was 4875
cubic meters per hectare. The average barley yield in selected farms varied from 1630 to 7050 kg ha and the
average was 3985 kg ha’. Irrigation water productivity in selected provinces ranged from 0.22 to 1.53 and its
weight average was 0.90 kg m. Average gross irrigation water requirement in the study areas by the Penman-
Monteith method using meteorological data of the last ten years and the national water document were 4710 and
4950 cubic meters per hectare, respectively. Irrigation efficiency of barley fields in the country is estimated at 62-
65% without deficit irrigation.

Conclusion

In order to reduce water consumption and improve water productivity, it is suggested to manage water delivery
to farms during the season and deliver water rights to them according to crops water requirements. To reduce water
losses and enhance productivity in the barley farms, it is suggested the application of modern irrigation systems
according to the farms conditions with the suitable operation; and modification and improvement of surface and
traditional irrigation methods. Note that, water is only one of several necessary and effective inputs in the optimal
and economic production of barley. On the other hand, attention should be paid to the optimal application of other
inputs including: seeds, fertilizers, equipment and tools etc.

Keywords: Barley, Irrigation water, Water productivity, Yield
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Table 2- Mean, standard deviation and adequacy of measurements in barley production fields.
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Statistical indicators
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Irrigation water (m? ha?)
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Barley yield (kg ha't)
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Average (arithmetic)
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Standard deviation
p3Y (6550l slass
Measurements required
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Number of measurements
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Table 3- Analysis of variance for yield, irrigation water, applied water and water productivity in barley

production
P €52 ©dl3l 4 yd Olaypo (ko F o P ,lado
Sla e
Source of variations Sum of Degrees of Mean of squares F-ratio P-value
squares of freedom
5> Jpasmo 3,Skes il ly Jubs
Analysis of variance for yield
L] "” 26 E7 11 2.4 E7 22.6 <0.01
Between Provinces
okl g2 2.8E8 271 1.1E6
Within Provinces
95 8 5.4 E8 282
Total
s> Mg bl ol Luibyly Julos
Analysis of variance for irrigation water
Lplel o 2.6 E8 11 24E7 156 <001
Between Provinces
okl g2 4.4E8 284 15E6
Within Provinces
955 8 7.0E8 295
Total
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Analysis of variance for applied water
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Analysis of variance for water productivity
Lpll o 162 11 1.48 17.3 <0.01
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okl 02 2238 267 0.09
Within Provinces
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Total
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Table 4- Average yield, irrigation water, applied water and water productivity in barley production in the provinces of the
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Introduction

Climatic changes and human activities are among the important factors that affect the flow of rivers and it is
very important to determine the contribution of these factors in order to better manage water resources. In recent
years, there have been major changes in the watersheds, and the amount of runoff and river flow has decreased, or
in some cases, the flow has increased due to the occurrence of floods. The issue of reducing the amount of runoff,
especially in the arid and semi-arid regions of Iran, is one of the basic challenges related to the management of
water resources. Hydrological changes primarily result from a combination of natural or climatic factors, including
precipitation levels, air temperature, and overall warming of the Earth. Additionally, human activities, such as the
construction of dams, creation of reservoirs, urbanization expansion, and indiscriminate harvesting, play a
significant role. It is important to note that these factors are interconnected, and alterations in one can impact the
others. The increase of greenhouse gases and climate change has caused a change in the hydrological cycle and
the amount of runoff in the watersheds and has increased the number of climatic extreme events. The main purpose
of this study is to determine the contribution of each of these factors on the discharge changes of the Gharehsoo
River, one of the most important rivers of Ardabil province, using elasticity-based methods (non-parametric and
Bodiko-based methods).

Materials and Methods

In this research, firstly, in order to determine the point of change in the amount of river runoff and to divide
the base and change period, Petit's test was used during the statistical period of 1984-2019. This test was done
using Xlstat software. According to the results of this test, there was a change in the annual flow time series in
1997, which was considered as the base period from 1984 to 1997 and from 1998 to 2019 as the period of changes.
Then, the contribution of each of these factors was determined using elasticity-based methods.

Results and Discussion

In the elasticity-oriented method, the non-parametric method and the methods based on Bodiko's assumptions
were used to calculate the elasticity coefficient. The results showed that in Samyan station, in the non-parametric
method, the contribution of human activities is 88.26% and the contribution of climate change is 11.74%. The

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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contribution of human activities and the contribution of climate change for the methods of Schreiber, Aldekap,
Bodiko, Peek and Zhang, respectively 91.98 and 8.02, 90.02 and 9.97, 91.98 and 8.02, 90.80 and 9.20, 92.37 and
7.62 are estimated. In general, in the elasticity method, the contribution of human activities is 88.26 to 92.37
percent and the contribution of climate change is from 7.63 to 11.74 percent, depending on the non-parametric and
Bodiko method. At the Dost-Beiglo station, employing the non-parametric method reveals that human activities
account for 96.13% of the observed changes, while the remaining 3.87% is attributed to climate change. The
contribution of human activities and the contribution of climate change for the methods of Schreiber, Eldekap,
Bodiko, Pick and Zhang are 97.71 and 2.29, 97.42 and 2.58, 97.56 and 2.44, 97.48 and 2.52, 97.71 and 2.29 are
estimated. In general, in the elasticity-oriented method, the contribution of human activities between 96.13 and
97.71 percent and the contribution of climate change from 2.29 to 3.87 percent, depending on the non-parametric
and Boudico-oriented method, have been met.

Conclusion

In this research, different hydrometeorological data such as precipitation, evaporation and transpiration and
monthly discharge from the Samyan and Dost Beiglo stations were used for the statistical period of 1982-2019.
First, by using Pettitt's test, it was determined that the river flow rate has changed abruptly since 2016. Therefore,
the entire statistical period was divided into two natural and change periods, and then, using elasticity-based
methods, the contribution of human activities and the contribution of climate change were determined. According
to the results obtained in both stations, the impact of human activities (more than 88%) on the basin's runoff is far
more than climate change (less than 11%). Therefore, it seems necessary to prevent the effective human activities
on reducing the river flow in solving and managing water problems in the basin.

Keywords: Climatic changes, Elasticity-based method, Human activities, Pettitt's test, Runoff flow
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Figure 1- Geographical location of the study area
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Table 1- Geographical coordinates of studied hydrometric stations
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Figure 2- Land use map of Ardabil province in 1987 and 2015 (Kakehmami et al., 2021)
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Table 2- Determining the climatic condition of the region using the aridity index
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Table 3- Various functions based on Budyko assumptions
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Figure 3- Results of Petit's test in determining the point of change of runoff in Samyan and Dost-Beiglo stations
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Table 4- Contribution of climatic and human effects using the elasticity-based method in Samyan station
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Method name Contribution of climate Contribution of human
change activities
elbl b, - 1.640 -0.81 11.74 88.26
Nonparametric Method
Schreiber ,.; ! 0.389 1.389 -0.389 8.02 91.98
Oldekop s 0.389 1583 -0.583 9.97 90.03
Budyko s34 0.389 1.383 -0.383 8.02 91.98
Pike <, 0.389 1.348 -0.348 9.20 90.80
Zhang s 0.389 1.348 -0.348 7.63 92.37
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Table 5- Contribution of climatic and human effects using the elasticity-based method in Dost-Beiglo station
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Nonparametric Method
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Budyko s 0.469 1580 -0.580 2.44 97.56
Pike <, 0.469 1598 -0.598 9.20 97.48
Zhang il; 0.469 1.395 -0.395 2.29 97.71
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Introduction

Oil contamination affects the biological, physical, and chemical properties of soil. The abundance and diversity
of soil microbial communities can significantly be influenced by petroleum hydrocarbons. Soil biological
indicators including microbial population and enzyme activity, are highly sensitive to environmental stresses and
respond to them quickly. Measuring the microbial population is one of the most common biological indicators
which is used to study the quality and health of the soil. Also, measuring the activity of enzymes such as urease is
one of the most sensitive indicators of oil-contaminated soils. There are some studies on the effects of oil
contamination on microbial population and soil enzyme activity. Most of the studies have tested non-natural and
short-term oil pollution and reported the adverse effects of oil hydrocarbons on microbial activities in soil. While
the soil sample used in this research had natural and long-term contamination and the microorganisms are
compatible with polluted conditions. The aim of this study was to investigate changes in the microbial population
and urease activity in the presence of different levels of oil contamination, and how petroleum hydrocarbons can
affect them. Petroleum hydrocarbons are toxic and persistent in soil, so it is necessary to study the pattern of
changes in soil biological characteristics in effective soil management.

Material and Methods

In this study, 120 samples of oil-contaminated soils were collected from the oil-rich area of Naft-Shahr (located
in the west of Kermanshah province) which had natural and long-term oil pollution. A nested design was used to
analysis data in this research. The test factors included locations (4 locations) and 3 different levels of oil pollution:
low (L), moderate (M), and high (H). Also, 10 replications were considered in the three levels of oil contamination.
The collected soils were analyzed for physico-chemical (pH, EC, ©m, CCE, OC, soil texture) and biological

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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properties (including urease activity, BR and SIR) using standard methods, and the concentration of oil pollutants
was determined by the Soxhlet extractor. To determine the abundance of the culturable microbial population,
bacterial counting was performed using nutrient agar (NA) and carbon-free minimal medium (CFMM)
supplemented with crude oil as the media. Urease activity was measured by the indophenol blue method and
finally, the results of measuring chemical, physical and biological properties were analyzed using principal
component analysis (PCA).

Results and Discussion

The average percentage of oil measured by Soxhlet method was 4.03%, 9.95% and 22.50% respectively for
L, M and H levels. The results showed that the microbial population increased with the increase of contamination
intensity. The highest microbial population counted in NA culture medium was 9.54 x10° CFU/g in H soils and
the lowest population was 3.25 x 10° CFU/g in L soils. In the CFMM culture medium, the highest population in
H soils was 11.3 x 105 CFU/g and the lowest population in L soils was 11.8 x 10* CFU/g. For both NA and CFMM
mediums, location 1 had the highest population and location 4 had the lowest microbial population. Qil
contamination of soil samples led to a decrease in urease activity in such a way that the highest enzyme activity in
soils was obtained with low contamination (594.90 ugNH4/g.h) and the lowest activity in heavily contaminated
soils (176.11 pgNH./g.h). Also, the lowest urease activity was observed in location 1 and the highest in location
4. Principal components analysis (PCA) was also performed and 71% of the variance of the samples could be
explained by the first two components (biochemical component and physical component). The results of this
research indicated an increase in the microbial population with an increasing of the intensity of oil pollution. It
seems that the results obtained from the studies conducted on man-made pollution and natural pollution have
differences in terms of the type of biological responses. Aged, long-term and natural oil pollution has caused the
selection of oil-resistant microbial community, and therefore we see their positive response to the presence of oil
compounds. Conversely, urease enzyme activity was found to be higher in soils with low pollution. This suggests
that microbial activity, while influential, is not the sole determinant of urease activity, and various factors
contribute to Soil Enzyme Activity (SEA). The type of petroleum pollutant, the direct effect of petroleum
compounds on urease-producing microorganisms, as well as the non-microbial origin of urease in soil can be
possible reasons for reducing urease activity in contaminated soils.

Conclusion

In areas where petroleum pollutants are naturally and long-term present in the soil, some oil-decomposing
microbial groups use petroleum hydrocarbons as a source of carbon for their nutrition, so the abundance of oil-
decomposing communities increases. The results showed an increase in the microbial population with an increase
in the intensity of oil pollution. On the other hand, the activity of urease enzyme measured in soils with low
pollution was higher because non-microbial factors may affect the activity of this enzyme and the increase in the
microbial population is not related to the increase in the population of urease-producing microbes.

Keywords: Biological indicators, Enzyme activity, Microbial population, Oil pollution
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Figure 1- Geographical location of the four sampling locations and the collection site of H, M and L soils in each location
Three sections with severe pollution level High (H), Moderate (M) and low (L).
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Table 1- Some physicochemical and biological characteristics obtained from soil samples with three levels of high, moderate
and low pollution
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Table 2- Some physicochemical and biological characteristics of soil samples in four sampling locations
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Table 3- Microbial population counted in NA and CFMM mediums in 4 sampling locations and at different levels of oil
pollution (Low, Moderate and High)
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Table 4- Average activity of urease in 4 sampling locations and different levels of oil pollution
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Figure 2- Interaction of sampling location and oil pollution levels on urease enzyme activity
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Table 5- Correlation coefficients between physicochemical and biological indicators measured in soil samples
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Introduction

Soil, as habitat substrate, helps to regulate important ecosystem processes, including nutrient absorption,
organic matter decomposition. Water availability and the well-being of humanity are directly linked to soil
functions. On the other hand, vegetation with different species and ages have significant effects on the status of
the surface soil layer through the creation of diverse environmental conditions and the production of different
organic substances. However, few studies have been conducted in relation to the effect of the age of afforestation
and the type of vegetation on the soil status. Considering that a practical, complete and effective assessment of soil
condition should be the result of simultaneous measurement of physical, chemical and biological indicators,
hereupon, the present study aimed to investigate the effect of 20-year old poplar stand, 20-year old maple stand,
10-year old poplar stand, 10-year old maple stand and rangeland cover, in plot 3 of Delak-Khil series of wood and
paper forests in Mazandaran province, on the organic layer properties and physical, chemical and biological
(including microbial activities, enzyme activity, earthworm population and biomass, the number of soil nematodes
and root biomass) properties of the surface soil layer.

Materials and Methods

For this purpose, some parts of the study area were selected which are continuous with each other and have
minimum height difference from the sea level, minimum change in percentage and direction of slope. Then, in order
to take samples from the organic and surface layer of the soil, three one-hectare plots with distances of at least 600
meters were selected in each study habitats. From each of the one-hectare plots, 5 leaf litter samples and 5 soil samples
(30 cm x 30 cm by 10 cm depth) were taken to the laboratory for analysis . In total, 15 litter samples and 15 soil

samples were collected from each of the habitats under study. One part of the soil samples was passed through a 2 mm
sieve after air-drying to perform physical and chemical tests, and the second part of the samples was kept at 4 °C for
biological tests. One-way analysis of variance tests was used to compare the characteristics of organic layer and soil
between the studied habitats. In the following, Duncan's test (P>0.05) was used to compare the average parameters
that had significant differences among different habitats.

Results and Discussion

The results of this research showed that afforested stands with different ages and pasture cover had a significant

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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effect on the characteristics of the organic and surface soil layers. The results indicated the improvement of most
of the characteristics of the organic and surface soil layer in the afforested stands, especially the 20-year old
afforestation compared to the rangeland cover. The organic matter produced in 20-year old
afforestation, especially with poplar species, had a higher quality (high nitrogen and carbon content and low
carbon-to-nitrogen ratio) compared to organic matter produced in 10-year old afforestation and pasture cover.
Most of the physicochemical characteristics of the soil under 20-year old afforestation were in a better condition
than the other studied habitats. Also, according to the results of this research, the highest values of biological
characteristics such as microbial activity, enzyme activity, and the population of earthworms and nematodes were
observed in the subsoil of 20-year old afforestation especially with poplar species. Based on the results obtained
from the principal component analysis, the higher values of nitrogen, phosphorus, calcium, magnesium and
potassium content of the organic layer led to the improvement of soil fertility characteristics, microbial activities,
enzyme activity, earthworm population, the number of soil nematodes and root biomass, respectively, under poplar
and maple plantation for 20 years, meanwhile, 10-year old plantation, especially with maple species, and rangeland
with the production of organic materials with high carbon content and carbon to nitrogen ratio, resulted in the
reduction of organic matter decomposition (greater thickness of organic layer), and consequently the reduction of
the mentioned properties of the surface soil layer.

Conclusion

According to the findings of this research, it can be concluded that plantation with poplar species, especially
after 20 years, had a higher ability to improve the soil condition compared to maple, which can be considered by
managers in future afforestation. Also, with the passage of time, the presence of tree covers (poplar and maple)
had a higher priority than rangeland cover in improving the fertility status and suitable edaphological conditions
of the soil.

Keywords: Enzyme activity, Maple, Organic acids, Poplar, Soil organisms
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Table 1- ANOVA for organic layer characteristics in the studied habitats

ol&uiyg, ol )ly 4508
i : Habitats ANOVA
Ta¥ b S5
Or aﬁic‘\:a ‘:r u:‘oﬂferties AT s ATk AV g Ao e 5 F i Is
g yer prop 20-years-old 20-years-old 10-year-old 10-years-old er ’ G
Rangeland F value Sig.
poplar maple poplar maple
. el 0.92 b+9.51" 1.31 c+6.98 1.25 ¢+6.10 1.85 a+14.36 2a+13.43 89.40 0.000
Thickness (cm)
o 439bct3818  473c£37.25  312ab4398  495axd741l SO EMS2 389 0006
Carbon (%) ab
. 0l 0.30 a+2.20 0.61 b+1.77 0.05 c£1.04 0.1d+0.74 0.11 d+0.78 63.62 0.000
Nitrogen (%)
"3’”;/:' ;’;(;““ 439 c+17.51 7.70 ¢+25.52 6.98b+42.29  867at6495  8.71at5829 3423  0.000
. 0.41 a+3.95 0.33 a+3.75 0.48 b+3.01 0.74 c+2.09 0.54 b+2.76 30.92 0.000
Phosphorus (%)
”’:“t"" 0.31 a+1.96 0.33 ab+1.83 0.40 b+1.59 0.22 b+1.23 0.44 c+1.06 18.05 0.000
Potassium (%)
“’“K 0.62 a+2.13 0.55 b+1.53 0.14 c+1.10 0.16 d+0.64 0.16 d+0.73 36.39 0.000
Calcium (%)
Fe 0.17 a+0.75 0.14 b+0.62 0.17 bc+0.59 0.08 d+0.43 0.12¢cd+0.49  10.79 0.000

Magnesium (%)
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solie oy iy Azl glis g S JSin b gybol (L5 51 & il
SLE IR 3 i oy 2o g Sl g ) el
S15 & o Jain (508 5 13 (650l b Y- 2y 5 st
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P S ooy b pxe s a8 g4y (Gebrekidan, 2013
Py S cabus b glge |y pgie dls Ve 8 S
owed > J(Benscoter et al., 2011) cusly byl s o8iug; oy
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Table 2- ANOVA for soil physical characteristics in the studied habitats

ol&uiyg, obly 4525
. s Habitats ANOVA
SB b S5
Soil fo iﬁz:s AoV g oo ek Ao Ve gl doe ey . F ol s,
prop 20-years-old 20-years-old 10-year-old 10-years-old er ’ S
Rangeland F value Sig.
poplar maple poplar maple
.C“*’L” 36.47+2.44a 33.941.97 ab 29.51+1.39b 39.28+2.92a 36.81+1.06 a 3.19 0.018
Moisture (%)
sl S 131:002b 135+ 003b  133£004b  133£005b  150:005a 311 0020
Bulk density (g cm™)
e "JK’ 3 2.40+0.03a 2.43+0.07a 2.39+0.03a 2.46+0.07 a 2.50+0.06 a 0.62 0.647
Particle density (g cm™)
e 0.45£0.01a 0.43+0.02a 0.43+0.01a 0.45+0.02 a 0.39+0.02a 1.43 0.232
Porosity (%)
J)L\JL 7281124 a 72.48+2.64 a 69.29+2.29a 71.79x1.29a 69.58+2.04 a 0.695 0.597
Stability (%)
< sl " 46.26+ 3.57 a 40.86+ 2.56 ab 35.01+3.19 b 31.06+2.33 cd 23.06+2.72d 9.38 0.000
Macro-aggregate (g kg™)
hsls
. o dhst » 29.26+2.58 a 29.13+2.86a 21.13+2.52b 21.73+291ab 18.20+1.72 b 3.85 0.006
Micro-aggregate (g kg™?)
o 20.53+1.20b 19.60+2.09 b 25.73+1.13ab 33.13+3.65a 25.60+3.79 ab 4.16 0.004
Sand (%)
o
Silt 'to/) 42.26+ 2.36 bc 48.93+2.18 a 45.20+ 1.07 ab 37.86+x2.32¢c 41.20+ 3.02 bc 3.35 0.014
0
o 37.20x1.75a 31.46+ 1.24 ab 29.06+ 1.44 b 29+ 2.69b 33.20£2.42ab 291 0.027
Clay (%)

Cygons Sl SB cugb) Grizmen 5 @399 I dge kS
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» glis g (McCauley et al., 2009) JI slge 455 5 Juols
Finzi et ) 5¢3 039555 08> & S (sla 95l (anass § 0l
cos SB Sty e one Sl el Jal, 1998
Sl Glyows 3855 (pl 30 Cuol 0ad dddllas Dyg0 (sWolKiiyg,
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Table 3- ANOVA for soil physical characteristics in the studied habitats

ol dlyly 4 5o
- Habitats ANOVA
SB b S5
& s Ao\ g Al el ] ] s
Soil properties Al Yo g0 Al Yo el Sy F s
10-year-old 10-years-old &
20-years-old poplar 20-years-old maple poplar maple Rangeland F value Sig
pH sl 7.17£0.12a 7+0.31ab 6.94+ 0.24 ab 6.27+£0.87 b 6.69+ 0.53 ¢ 7.32 0.000
Sl el 0.31+0.01a 0.28+0.01a 0.22+0.01 bc 0.18+0.02 ¢ 0.24+0.01b 13.16 0.000
EC (dS/m)
CQ(T;) 4.67+0.27 a 4.29+0.30a 4.62+0.35a 3.43+0.44 a 4.38+0.27 a 2.19 0.078
0
039 0.49+0.02 a 0.40+0.02 b 0.40+0.02 b 0.22+0.02d 0.29+0.01c 19.32 0.000
Total N (%)
°3’§; gﬁo““ 9.49+0.17 ¢ 10.68+ 0.45 be 11.46+0.67b 14.85:0.87a 14.99+0.68a 1628  0.000
O wwep . 61.10+ 3.33 ab 57.48+3.73 ab 62.48+5.71 ab 47.55+8.32 b 66.12+ 4.56 a 1.69 0.160
C sequestration (Mg ha™)
A 6.49+0.34a 5.42+0.33ab 5.52+0.52 ab 3.03£0.35¢ 4.43+0.28D 1212 0.000
N sequestration ( Mg ha™)
fAEwl HE e 1 29.20+ 2.06 a 22.30+1.47b 18.46+1.39b 12.18+1.89¢c 18.12+1.30b 14.36 0.000
Auvailable P (mg kg™?)
P B ety 400.13+ 18 a 34591+1971a  279.80+13.72b  202.66+2695¢  240.6+ 27.51 be 1328 0000
Available K ( mg kg™)
odlind JB el . 27533+ 22.73a 218.90+10.72 b 191.93+102bc  157.40+1519c¢  203.40+9.63 b 8.82 0.000
Available Ca ( mg kg™)
ol LB oo
b B e 56.53+ 1.74 a 54.03+ 1.44 b 46.36+ 1.52 b 38.40+ 3.83 d 44,06+ 1.73 ¢ 1068  0.000
Available Mg ( mg kg™)
ke o . 2.86£0.22b 3.14+0.11b 2.99£0.20 b 3.87£0.35a 254+0.24b 418 0.004
Particulate organic C (mg kg™)
oy 1 e
ok ol . 0.50£0.01a 0.44+ 0.03 ab 0.37£0.03b 0.36+0.05 b 0.37+0.03b 288 0028
Particulate organic N (mg kg™)
koSl o 5.88+0.68 b 757+054b 9.10+1.14b 14.25+2.55a 7.31:0.81b 567  0.000
Particulate organic C/N ratio
St pes 0.37+0.04a 0.35+0.03a 0.34+0.03a 0.37+0.04a 0.23+ 0.02 b 270 0037
C in Macro-aggregate (g kg™)
o mesEpef 0.23+0.06 a 0.22+0.02a 0.18+0.04a 0.20+0.05a 0.18+0.01a 094 0451
C in Micro-aggregate (g kg™)
bl oo 0.21+0.02a 0.14+0.02a 0.16+0.04 a 0.20+0.01 2 0.18+0.02a 091 0461
N in Macro-aggregate (g kg™)
R 0.11£0.02a 0.18+£0.03a 0.11£0.02a 0.10£0.05a 0.10£0.01a 106 0378
N in Micro-aggregate (g kg™)
-
oS 61.54+ 410 a 60.46+ 4.69 2 57+585a 5850+535a  48.28+4.18a 115 0336
Dissolved organic C (mg kg™)
. Joe I s . 35.52+ 1.60 ab 42.03+2.10a 30.51+ 2.36 bc 29.40+1.10 ¢ 26.94+1.98 ¢ 5.37 0.000
Dissolved organic N (mg kg™)
. e "’59’;'? @ oS . 1.80£0.17a 1.78+0.21a 224+ 043 a 2.03+0.21a 2.09+£0.32a 0.51 0.725
Dissolved organic C/N ratio
G 473742392 39.36+ 1.78 ab 3885+17lab  3571+3.63b  38.94+3.73ab 241 0.046
N mineralization (mg N kg soil™)
oo 4 39.42+3.14a 31.35+2.80 ab 26.97+3.29 b 29.74+3.73b 29.92+1.86 b 241 0.046
NH, (mg kg™)
s
il 4 39.54+3.45a 3478+ 253 a 26.30+2.06 b 21.95+1.71b 27.27+1.65b 8.80 0.000
NOs (mg kg™*)
_5,;,1_95 ol " 456.40+ 29.55a 376.26+ 37.4 ab 346.7+ 28.02 bc 399.8+34.77 ab 247.13+33.82¢c 4.18 0.004
Fulvic acid (mg g*)
Saegsn 261+ 18.43a 240.86+ 35.40 a 101.06+ 5.53 b 140.20+ 13.89 b 126.26+ 11.54 b 13.31 0.000

Humic acid (mg g)
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Zhang) (less 5 (Sejed S Sy St b ol slacyld
» (Wenxiang et al., 2002) S (¢j5 o> 4 (et al., 2021
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& o Sl 3551 09,5 (S 5 Sl oy S
2 85V 03555 5 o515 « S350l 5 Sitadl K358 (gloog S
ssles Cumen (V) S5 ) cus Iy adllas 590 (ool 55y dad
391 515 ine (ylol 5 51 Giliseo (elmol& g, o 3 3 5B
gl Yo pigio )5S 5 bailes Cumen oyt 45 5 )sboa
¥ JS5) sy 2 o Ve ey o) S o ol (e

85 G9x8 PH ohagt «SB (Slond o Sy > olis a5 ol
9,50 Scdld Clpess LY I SB o yies ) g3k dlge
b b sillas 0gMle 4.8l o adllas 550 clrolKiyg, cov S
o 38l Klgs o S o8 ol ials (Tardy et al., 2014)
o @l ) &S Wl sl ase Sl s 5 b il polie (g9,
S la Shy plo b amlie ) gl ol ssaline 55 (iagh
o Sy (@Sl Copde g (LS b Gl 4 Cos
Sge S Ko st sl lsieer gyl 5 wiss
Sl 3l aen Jls opl L (Lee etal., 2020) 5,3 o 15 odlazal
Caa oy g oilul G 4 LS idg i Wl cov S
Loz 51 )50 L dungllio 3 o] 1 (B30 ol (Sae g 48 oy
» (Wang et al., 2012) x> Hlis |y 508 b i &l
SB any] slocls o5 o L ol adlhs gl L, e
Dby g5 8b oS (5ylime gty (Bligw b)) w3l 2 4)
S5 Lojagas Al Vo lagg 5 R S ooy (31 (LS
STy pdlie dgm g SYL CudS L I olga 3959 oy pgio
Oy pd olde dlge (IS 45955 (Cheng et al., 2013) Sk
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Table 4- ANOVA for soil microbial/ biochemical activity in the studied habitats

o8y, oibyly 4
S comign [ o190 Collad Habitats ANOVA
Soil mlcroatzglllitt);ochemlcal Ja¥e e R 14(1)@ ). x;«'-lad 10»u V. dﬂ.ld S F e Eoosine
20-years-old poplar ~ 20-years-old maple -year-o -years-o Rangeland F value Sig.
poplar maple
oo o 0.47+0.02a 0.40+0.01a 0.38+0.03a 0.39+004a 0.29+0.03 b 3.92 0.006
BR (mg co, g* day™)
SR o9y oS 146£0042 131£006b 117£002b 118006 b 0.99+ 0.04 1137 0000
SIR (mg co, g* day™)
5250 02555 028 573.46236.63 ab 605.73:30.01a  511.46+21.78bc  532.60+23.85h  456.06+ 28.28 ¢ 4.05 0.005
MBC (mg kg™)
e 0255 Ol 67.76+ 1.36 a 55.95+ 2.07 b 52.44+ 2.94 b 44.10+2.88 ¢ 41.48+2.87 ¢ 17.38 0.000
MBN (mg kg™)
195540 PS5 9 % S "
.58+ 0. 11.16+0.84 10.16+0.72 12.52+ 0. 11.91+ 4. 42 .012
MBC/MBN ratio 8.58+0.65b 6+0.84a 0.16+0.72 ab 52+ 0.66 a 9 59a 3 0.0
Sglie o0 -+ -+
.88+ 0. .68+ 0.04 .78+ 0. .76% 0. .64+ 0.07 1.4 232
4CO, (BRIMBC) 0.88+0.08 a 0.68+ 0.04 a 0.78+0.08 a 0.76+£ 0.09 a 0.64+0.07 a 3 0.23
2955 e
126.16+8.04 b 146.60+7.81 b 120.44+11.12b 191.39+ 24.03 110.69+ 10.71 b 5.45 0.000
Microbial ratio (MBC/Cog) @
5 & d g + + + + +
CAI (BRISIR) 0.32+0.01a 0.31+0.01a 0.33£0.03 a 0.33£0.04 a 0.30+0.04 a 0.138 0.967
Sloysl w3l
22.65+1.21 22.60+ 0.57 14.45£0.74 b 1414+ 095D 14.07£0.86 b 26.30 0.000
Urease (ug NH*-N g*2h™) a a
3lind o o 51
Acid phosphatase (1g PNP g 528.06+ 44.26 2 457.8+2525ab  41513+3437b  299.66+16.76C  306.2+7.73c 1247 0,000
h?)
g ol 5 L 214.26+ 17.95a 175.26+£ 17.03 a 163.46+ 16.82 a 184.06+ 13.79 a 197.6+20.14 a 1.30 0.277
Arylsulphatase (ug PNP gt h™?)
35 a1
Invertase (ug Glucose g 3 h™) 281.66+ 14.51a 257.06+17.12a 231.2+13.95 ab 191.33+25.32 b 191.06+ 12.64 b 5.34 0.000
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Hirschfeld et al., 2020; Sanchez-Moreno et al.,) L3
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Figure 1- Mean values of earthworms density (total number (F= 6.88 and P= 0.000), epigeic number (F= 4.87 and P=0.001),
number endogeic (F=1.117 and P= 0.355), anecic number (F = 1.55 and P= 0.194)) and earthworm biomass (total dry mass (F
=13. 6 and P=0.000), epigeic biomass (F =5.14 and P=0.001), endogeic biomass (F=1.19 and P=0.320), anecic biomass (F=
1.572 and P=0.191)) in studied habitats
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component analysis
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Introduction

Soil pore size distribution curve and using the optimal ranges of the location and shape parameters of this curve
can be used to evaluate the soil physical quality. This research was carried out in an area of about 220 hectares of
Torogh Agricultural and Natural Resources Research and Education Station, to determine the optimal ranges for
soil pore size distribution curve parameters using the soil physical quality index. Different soil textures and the
diversity in soil properties are the distinct features of this research station.

Materials and Methods

Torogh Agricultural and Natural Resources Research and Education Station of Khorasan-Razavi province,
with a semiarid climate, is located in south-east of Mashhad city. For the field measurements and laboratory
analysis to determine the soil physical properties and indices, 30 points with different soil textures and structures
were selected. Intact soil cores (5 cm diameter by 5.3 cm length) and disturbed soil samples were collected from
0-30 cm depth of each point. After the laboratory analysis and field measurements, 35 soil physical properties
were measured and calculated. Soil particle size distribution and five size classes of sand particles, soil bulk, and
particle density, dry aggregates mean weight diameter (MWD) and stability index (Sl), soil moisture release curve
(SMRC) parameters, S-index, soil porosity (POR) and air capacity (AC), soil pore size distribution (SPSD) curves,
relative field capacity (RFC), plant available water measured in matric pressure heads of 100 and 330 hPa for the
field capacity (PAW100 and PAWs30), least limiting water range measured in matric pressure heads of 100 and 330
hPa for the field capacity (LLWR10 and LLWR33p), integral water capacity (IWC) and integral energy (EI) of
different soil water ranges, were the soil physical properties and indices which were determined in this study.
Three parameters of modal, median, and mean pore sizes of the SPSD curves were considered as the location
(central tendency), and three parameters of standard deviation, skewness, and kurtosis of the SPSD curves were
considered as the shape parameters. Selection of the most important soil physical characteristics using principal
component analysis (PCA) method by JMP software (ver. 9.02), weighting and scoring of the selected
characteristics using PCA and scoring functions, respectively, and the summation of multiplied characteristics
weights by their scores for each soil sample, were the four steps of calculation of the 0-1 value of soil physical
quality index (SPQI). Soil samples were classified into four soil physical quality classes by SPQI values. The soils
of the first class with the highest SPQIs (> 0.78) were considered to determine the optimal ranges of SPSD curves
location and shape parameters.

Results and Discussion

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Ev distribution and reproduction in any medium or format, as long as you give appropriate credit to
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The texture of soil samples were loam (40 %), silt loam (23 %), silty clay loam (17 %), clay loam (13 %), and
sandy loam (7 %). Soil organic carbon was between 0.26-1.05 (%), and the average soil bulk density was 1.45
(gr.cm™3). The MWD values of studied soil samples were between 0.94-2.88 (mm), an average of 1.93 (mm). The
average modal, median, and mean pore sizes as the location parameters of the SPSD curves were 60.3 (um), 12.4
(um), and 6.5 (um), respectively. The average of standard deviation, skewness, and kurtosis as the shape
parameters of the SPSD curves were 71.56 (um), -0.36 and 1.15, respectively. The average modal pore sizes
showed that the pores with a size of 60 (um) had the highest frequency in soil samples. The range of calculated
standard deviation of SPSD curves, along with the difference between the minimum and maximum mean pore
sizes (24.6 um), implied the diversity of pore sizes in the studied soils. The results of PCA showed that the four
soil physical properties of PAW33 (0.1-0.2 cm®.cm3), POR; (0.40-0.51 cm3.cm™®), LLWR1go (0.12-0.22 cm3.cm™3)
and Sl (0.76-2.61 %) accounted for about 88% of the variance between soil samples and were selected to calculate
the SPQIs. The PAWS330, POR;, LLWR1q0, and SI were entered into the calculation of SPQIs with weights of 0.46,
0.31, 0.15, and 0.08, respectively. All the selected physical properties were scored using the scoring function of
more is better. The maximum and minimum values of SPQIs for the studied soils were 0.84 and 0.14, respectively.
Five soil samples with SPQIs greater than 0.78 were classified as class 1 with the highest physical quality. The
ranges between the minimum and maximum values of the SPSD curves, location, and shape parameters of these
five soils were proposed as the optimal ranges. In this regard, the ranges of 29-92 (um), 5-16 (um), and 2-7 (um)
were suggested for optimal ranges of modal, median, and mean pore sizes, respectively. The optimal ranges of
standard deviation, skewness, and kurtosis of the SPSD curves were proposed as 22-81 (um), (-0.38)-(-0.33), and
1.14-1.15, respectively.

Conclusion

The optimal ranges of SPSD curves location and shape parameters suggested in the literature may probably
not apply to a wide range of agricultural soils. They must be evaluated in a more extensive range of land uses, soil
management, and soil textures. In this research, the soils with the relatively higher physical quality had larger
mean pore size and less SPSD curves standard deviation (less diversity of pore size) than the optimal ranges
suggested in the literature. The optimal ranges of SPSD curves location and shape parameters proposed in this
research are appropriate for medium to coarse-textured soils of regions with the semiarid climate in Iran.

Keywords: Location parameters, Shape parameters, Soil physical quality
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Table 1- Soil pore size distribution curves location and shape parameters
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Table 2- Soil pore size distribution curve location and shape parameters for two soil samples with different soil textures
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Figure 1- Soil pore size distribution curves for two soil samples with different soil textures
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Table 3- The minimum and maximum values of soil pore size distribution curves parameters for the soils with the highest
SPQI and the optimal ranges in the literature
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Introduction

Soils and landforms have a strong relationship and archive evidence of climatic and environmental changes.
Alluvial fans are one of the most important landforms in arid and semi-arid regions of Iran. Climate changes in
the Quaternary, especially in the late Pleistocene, had a significant effect on the evolutions of alluvial fans in arid
and semi-arid regions. Alternate of sedimentation and soil formation in alluvial are the consequences of periodic
climate change. Organisms are one of the main factors of soil formation. Biological crusts are part of organisms
that are abundant in dry lands and especially in alluvial fans; however, their role in soil formation has been less
studied. Biological soil crusts by providing the suitable biological activity, effect on trapping of aeoilian materials
and hydrological processes affect the soil formation processes. The chemical properties of the soil affect the
catabolic capacity of the soil and it is very different among the different layers of the soil. However, few studies
have addressed the effect of processes on soil microbial respiration during change and evolution and pedogenic
state. The objectives of this research were to 1) investigate the evolution of soils along the gradient from upstream
to downstream of the alluvial fan and 2) investigate the changes in microbial respiration in different layers of soil
and the factors affecting it.

Materials and Methods

The studied area is an alluvial fan in Razavi Khorasan province, in the southern slopes of the Binaloud
mountain range. The climate of the region is semi-arid and the soil moisture and temperature regimes are Aridic
border on Xeric and mesic, respectively. Three soil profile in the upper, middle, and base part of the alluvial fan
were described. Bulk and undisturbed soil samples were collected from various soil horizons for subsequent
physical, chemical, and micromorphological analyses. In addition, the microbial soil respiration was measured in
all horizons. The soils were classified according to Soil Taxonomy and World Reference Base methods.

Results and Discussion

Sequences of sedimentation and soil formation were observed in the soil profiles. Vesicular (V), argillic (Bt),
argillic-calcic (Btk), calcic (BCk) and cambic (Bw) horizons were the diagnostic soil horizons of the studied soils.
Soil profiles of the middle and base were Xeric Calciargids in the subgroup category of Soil Taxonomy; while soil
profile of the apex soil was Xeric Haplocambids. In the profiles, a thin vesicular horizon (V) was formed under
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the desert pavement. Below the vesicular horizon, evidence of clay illuviation, pedogenic carbonate nodules, and
calcium oxalates in roots were observed in thin sections. This evidence shows the role of biological crusts in the
formation of these features. In the lower horizons of the profiles, pedogenic carbonate nodules, carbonates
pendants and clay coatings were observed. It seems that the upper soil (vesicular and underlying Bt horizons) were
developed in the more humid periods of the Holocene, and biological crusts also played a key role in the processes
of calcification and clay illuviation. The argillic horizons in the lower layers were formed during the stable periods
of the late Pleistocene. The irregular microbial respiration mainly indicated difference in microbial activities labile
organic matter content. The argillic horizons had the lowest microbial respiration, due to decomposition of organic
materials during soil formation. In contrast, soil respiration was the highest in surface and calcic horizons. It seems
that preservation of organic materials by carbonate complication. However, it is suggested to investigate the carbon
fractions in relation to microbial biomass in the studied horizons.

Conclusion

In this area, biological crusts and vegetation affected the formation of soil in the aeolian sediments of the Vk
and AVKk horizons and played a significant role in creating the Bt horizon in profiles 2 and 3. The study of landform
profiles showed the formation of calcic and argillic horizons in the past climate, while the Bt horizon of the upper
layers was formed in the current Holocene period. This form of the argillic horizon is slightly different from the
soils of the Iranian region because these horizons have not been reported so far. It has been proven that there were
humid periods in the Holocene, and it needs more studies at present. The study of soil microbial respiration in
landform horizons showed that argillic horizons decreased the amount of microbial respiration, while it increased
in classical horizons.

Keywords: Argillic harizon, Biocrust, Calcium oxalate, Soil micromorphology, Vesicular horizon
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Table 1- Some field and morphological characteristics of the studied profile

" S, s, Olalad
s (em) s ogbpe (1) S b plle S 5599890 9 Olaerd
Horizon Dry Wet Coarse Texture  Structure* Aggregations and soil morphology
Depth color color fragments
Profile I Y o,lols & 515
Vk 0-4 10YR6/4  10YR5/4 15 cl 1vnpl Low biological crusts, biogenic carbonate
Bw 4-20 10YR6/4  10YR4/4 15 cl 2 vf shk Iron oxide matrix, low clay coating
2Bw1 2050  10YR6/4 10YR4/4 18 ¢l 2 vf abk Low Carbonate nodule, low clay coating,
free iron oxide
2Bw2 50-67 10YR6/4  10YR4/4 18 | 2 vf sbk Iron oxide nodule, low clay coating
3Btkb 67-90 75YR6/4  7.5YR4/4 52 scl 3 fsbk Clay coating, iron oxide, carbonate nodule
4BCkb 90-130 10YR6/4  10YR5/4 55 scl 1 vf sbk Carbonates pendants
Profile Il Y o lows & S5
Vk 0-2 10YR6/3  10YR4/3 20 | 3n, tnpl Biological crusts, biogenic carbonate
Bt 2-12 7.5YR5/4  7.5YR4/4 10 cl 3 fabk Iron oxide matrix, clay coating, red color
2BCk1 12-60 10YR6/4  10YR5/4 80 cl 1 f abk Carbonates pendants
2BCk2 60-100 10YR6/3  10YR4/3 80 cl 1 vf, fabk Carbonates pendants
3Ck 100-130  10YR7/3  10YR5/4 80 cl 0 sgr Carbonates pendants
Profile I ¥ olowd & S5
AVK 0-5 10YR5/4  10YR4/A 10 | 3vn, tn pl Biological crustségillogoelryrc carbonate, dark
Bt 5-25 75YR5/4  75YR4/4 20 | 2 vf, f abk Iron oxide matrix, clay coating
2BCk 25-90 10YR6/3  10YR4/3 78 scl 1 f sbk Carbonates pendants
3Bk 90-115 10YR6/4  10YR4/4 75 scl 1 vf sbk Carbonates pendants, sandy texture
4Bt 115-130  7.5YR5/4  7.5YR4/4 10 | o el LRI CEIITED G by Cozithi,

red color
* Abbreviations used to describe soil texture and structure are based on the guidelines of the soil description and sampling book
(Schoeneberger et al., 2012).
cl: Clay loam, I: Loam, scl: Sandy clay loam, 0: Structureless, 1: Weak, 2: Moderate, 3: Strong, f: Fine, t: Thin, vf: Very fine, vn:
Very thin, abk: Angular blocky, sbk: Subangular blocky, pl: Platy, sgr: Single grain.

axdllan 290 SWE S LGSl (bowd 9 Sy b GBS hg (B0 T Joo
Table 2- Some physical and chemical characteristics of the studied profile

G o - o Jalro &Ly )S" paneds () 29,5 ‘e
&8l (cm) ] . 1 EC (%) S U"’s microbial ) &
; Depth (%) (%) (%) pH  (dsim) o Organic respiration
Horizon ep : calcium carbonate carbon Gypsum
Clay Silt Sand equivalent (mg/kg*day)
Profile I Y o)l & S5
Vk 0-4 315 34.1 34.4 8.25 0.34 23.75 0.25 51.33 1.26
Bw 4-20 28.3 36.5 35.2 8.48 0.26 18.25 0.29 15.89 1.39
2Bw1 20-50 27.7 28.9 43.4 8.27 0.43 22.75 0.12 63.56 1.68
2Bw2 50-67 25.7 28.9 45.4 8.42 0.22 22.00 0.10 40.33 1.30
3Btkb 67-90 28.3 26.3 45.4 8.49 0.21 24.88 0.10 23.22 1.16
4BCkb 90-130 23.3 21.3 55.4 8.38 0.20 30.63 0.12 72.11 117
Profile Il ¥ o Lo &S5
Vk 0-2 21.7 379 40.4 8.16 0.41 20.38 0.62 105.11 1.42
Bt 2-12 36.3 29.3 34.4 8.78 0.37 19.00 0.14 50.11 2.02
2BCk1 12-60 36.7 29.9 334 8.90 0.34 25.38 0.14 56.22 171
2BCk2 60-100 31.3 27.3 41.4 9.14 0.39 29.75 0.04 20.78 1.31
3Ck 100-130  35.3 29.3 354 9.01 0.39 29.00 0.04 31.78 1.64
Profile 111 ¥ o,lous &,5

AVk 0-5 22.9 42.7 34.4 8.09 0.45 16.63 0.82 45.22 1.30
Bt 5-25 27.5 37.3 35.2 7.64 0.26 16.20 0.43 44.00 143
2BCk 25-90 25.3 27.3 47.4 8.40 0.21 22.75 0.14 14.67 1.03
3Bk 90-115 20.7 18.3 61.0 8.74 0.27 28.63 0.10 77.00 131

4Bt 115-130  19.7 39.3 41.0 8.65 0.29 24.13 0.00 18.33 1.53
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Figure 3- a) Desert varnish rocks on the soil surface (prefix Yermic in the WRB), b) biogenic calcium carbonate in the surface

soil horizon, c) formation of carbonates under the pebbles in the BCk, Bk, and Ck horizons, d) nodule and carbonates
accumulation in the Btk horizon of profile
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(BSR: microbial respiration, SOC: organic carbon, CF: coarse fragments, CCE: calcium carbonate equivalent; profile numbers are
displayed with Latin numbering, for example: 11_Vk corresponds to profile number 2)
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Figure 6- a) vesicular structure in the Vk and AVk horizons, b) moss biological crust on the surface of the profiles, c)
formation of calcium oxalate in the roots and carbonate nodules in the Vk and AVk horizons, d) formation of carbonate and
calcite nodules in the Vk horizon of profile 1, ) iron oxide matrix and formation of clay coating around the void in the Bt
horizon of profile 2, f) porphyric background, orthic carbonate nodule, iron oxide nodules in the matrix in the BCk horizon,

g) dense and porphyric background, clay coating formation on the quartz grain and iron oxide nodule formation in the 2Bw

horizon of profile 1, h) carbonate nodule, saturation of the background with iron oxide and clay coating, micritic limestone

cover and nodules by a thin clay coating in the Btkb horizon, profile 1, i) dense background and saturation of clay coating in
the horizon Bt profile 3
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Table 3- Classification of soils of the studied area
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Taxonomy
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Xeric Haplocambids

Xeric Calciargids

Xeric Calciargids
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Figure 7- Schematic representation of the changes in the amounts of calcium carbonate equivalent, coarse fragments, sand,
and clay in the depth of the soil and the sequence of horizons along the gradient of the alluvial fan
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Introduction

The gradual decrease in the fertile soils surface due to environmental pollution and urbanization phenomena
has reduced the possibility of sufficient fodder production. In addition, the strict dependency of the agricultural
sector on water resources in an age of drastic climate change necessitates providing novel solutions for agricultural
production. One of the methods that has gained attention for providing fodder is its production through soilless
culture techniques. Maize can be a suitable option for fodder production in soilless culture due to high starch and
sugar content, low seed cost, high biomass production, and rapid growth. Proper nutritional management of maize
in soilless culture is highly important for increasing the quantity and quality of forage greenery. Little information
is available regarding the impact of nitrogen form on the growth, yield and chemical composition of forage plants
including maize in soilless culture. This experiment was conducted to investigate the effect of nitrogen form on
the chemical composition, leaf photosynthetic pigments concentration and yield of two fodder maize (Zea mays
L.) cultivars in soilless culture.

Materials and Methods

A factorial experiment based on randomized complete block design was conducted with the two factors of
ammonium to nitrate ratio in the nutrient solution (0:100, 12.5:87.5, 25:75, 37.5:62.5 and 50:50) and maize cultivars
(i.e., single cross hybrid 704 and single cross 410) and four replications in hydroponic culture at the greenhouse of
Shahrekord University. After seed germination and emergence of the first two leaves, the maize seedlings were
transferred to 10-liter plastic pots containing perlite (0.5-5 mm) and were manually fertigated with different
ammonium to nitrate ratios on a daily basis. Before harvesting, chlorophyll a, b and (a+b), and carotenoids were
quantified in leaves of plants. At the end of the tasseling stage, the plants were harvested. After harvesting, the root,
stem, and leaf parts were separated, and the fresh weights of the samples were measured. Plant samples were dried
in an oven at 60 °C. Then, dry weights of samples were measured and samples (root and leaf + stem) were ground
for nutrient analysis including of N, P and K. Analysis of variance was performed using SAS software version 9.4.
Means comparison was conducted using Duncan's multi-range test at p <0.05.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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Results and Discussion

The results showed that in single-cross hybrid 704 and single-cross 410 cultivars, respectively, increasing the
applied ammonium to 37.5% and 50% in the nutrient solution caused a significant increase in the shoot nitrogen
concentration. Application of ammonium in the nutrient solution led to an increase in shoot and root phosphorus
concentration in both maize cultivars compared to the nutrient solution without ammonium. The highest
concentration of phosphorus in shoot (18.02 g.kg™) was observed in the single-cross hybrid 704 cultivar when maize
plants fed with a nutrient solution containing 50 percent ammonium, which was 3.2 times higher than the shoot
phosphorus concentration in plants fed with nutrient solution without ammonium. Furthermore, at the 50:50
ammonium to nitrate ratio in the nutrient solution, the lowest root potassium concentration was recorded in both
maize cultivars. In single-cross hybrid 704 cultivar, application of nutrient solution with ammonium to nitrate ratio
of 50:50 resulted in a significant 31% decrease in leaf chlorophyll a concentration compared to plants fed with a
nutrient solution containing 25% ammonium (with the highest chlorophyll content). The leaf chlorophyll a
concentration in single-cross 410 cultivar showed an increasing trend with increasing ammonium in the nutrient
solution up to 25 percent, and then a decreasing trend with further increase in the ammonium proportion. Moreover,
a 31.4% significant decrease in chlorophyll b concentration was observed in plants fed with a 50:50 ammonium to
nitrate ratio compared to plants fed with a 37.5: 62.5 ammonium to nitrate ratio. The highest leaf carotenoid
concentration was recorded in single-cross hybrid 704 cultivar and at 25:75 ammonium to nitrate ratio, which was
1.4 times higher than the leaf carotenoid concentration compared to plants fed with nutrient solution without
ammonium. The highest relative leaf moisture content was observed in the plants nourished with ammonium to nitrate
ratio of 25:75, which showed a significant 20% increase compared to the ammonium-free nutrient solution. The
results also indicated that the application of 50% of nitrogen in the form of ammonium in the nutrient solution led to
a significant decrease in the leaf surface area of maize. The highest shoot and root fresh weights were obtained in the
plants nourished with 25:75 ammonium to nitrate ratio and in the single-cross hybrid 704 cultivar. The results showed
that the highest water (solution) use efficiency based on fresh weight was recorded in plants fed with 25:75
ammonium to nitrate ratio and in the single-cross hybrid 704 cultivar.

Conclusion

Based on the results of the present study, the highest shoot and root fresh weights of both maize cultivars were
obtained in plants fed with 25:75 ammonium to nitrate ratio. Given the limitations of water resources and rainfall,
optimal use of minimum water to produce maximum agricultural crops must be cnsidered. According to the results
of this research, application of nutrient solution with ammonium to nitrate ratio of 50:50 led to ammonium toxicity
and a reduction in forage yield in both maize cultivars. Therefore, replacing 25% nitrate in the nutrient solution with
ammonium and selecting the single-cross hybrid 704 cultivar (due to higher yield compared to single cross 410
cultivar) is recommended to achieve maximum fodder yield in soilless culture under conditions similar to this study.

Keywords: Ammonium to Nitrate ratio, Chlorophyll, Macro elements, Single-cross hybrid 704
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Table 1- Analysis of variance for macronutrient concentration in shoot and root of maize affected by NH4*/NOs™ ratio and
cultivar type
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Table 2- Mean comparisons of the NH4*/NOgs™ ratio and maize cultivar interaction effect on macronutrient concentrations in
the root and shoot of maize
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™) KR PY ) FWES R -t 2 sl Root potassium
Cultivar NH4*/NOs nith(c))OEen shoot nitrogen A Rokc])t A Sh%ot concentration
ratio gen concentration phosphorus — phosphorus
concentration concentration concentration
(PS5 9S 3 2,5)
g kgt
_ 0:100 30.80¢d 18.20¢ 12.58¢ 5.67¢ 23.69%
‘ g.
el 12.5:87.5 29.48% 19.03¢ 13.16® 10.214 29.822
(.V"c 25:75 37.728 24.95¢ 26.93¢2 13.55¢ 27.29%
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Means followed by the same letters in each column are not significantly different at 5% probability level based on Duncan test.

Soline BB pie g Sl yis 4 posigel SY/D 4 ¥V/D cons b ga
Wil lyis 4 padsel YO 4 YO Cuws b

as” 10,8 bl (Sultana et al., 2009) ,Kea o Lllale
oS 13D 32 Jibs,lS uslhe G35 Mgie ol st il
(Poblaciones et al., 2009) ,Ken 5 3ol il g0
odnldo puiS S y3 Jidg)lS Clale 5 ()95 (i (295 (Shawen
s Sl oy s (Zhuetal., 2014) o) San 4 o5 .03,
(Prunella 2L Mgy olS wd, p posgel 4 Sl @olite
2 Judg S Sk oy e g oy iy ud iy S A8 > vulgaris)
A ol Ve 00 o YO 4 VO slacaus

0 3l wyp ;5 (Ghorbani et al., 2023) Ko 5 b8
o Al g 5,08 s 5 08 plo i Jloxs) 2 Jgono
¥ s ke 5 (63l (i Jgbre (25 4 poigel dio 4y jio
AW 40 Cuns bl e Joloxe «l s 4 posigel Vo
posgel YO 43 Y0 e L 1,85y 2lie Jslomo 5 &l 4 pgsigel
SB G CulS 5 @3 08y 93 S Sz a3l o (S5 &
Jobe 3 coiia padld ol e o pieS g oyt oS 8L
Lol 0 oanltio o) 53 o ) lgn )8 v 5 )5Sy, i
Jaloeo M5 35 STy, i Jabro Yol a8 155,8 JY ol 43655
2 (pssgel 5 i) O3t JS5 99 il ailSgn €8 o i
D92 395 S

S ShI> Joloeo b (LS 45 V¥ ol i 05, 5

chale 3 gals 1o ¥V 4 e Sl 4 pasgel 00 4 O
3l (2l Jobre b o 445 (lalS 4 Cuns S @ Jidg)lS
8 Judo)ls cale a5 (g8 (lise cnyier L) posisel oy YO
b e Jobro )3 pasisal (ialEl L FY e ol S IS o) 10 Sy
P93 L9y powisel oo il Gl L g gme N9y w0y YO
P S 35955 Clalé oyt 08y 99 o 53 (T Jsia) ob ol
Cud Ol 4 padsel YO 4 YO Caud )3 o V¥ Ll Ko o8,
Lo e lald b awslie 1 u545)8 clale ol ¥/Y &8 us
poiel o G313y 9 1o 1 351 porigel WBB olie Joloxe
sobds Sy 4598 Clale o3 YO I e 4 (2lie b
s 4 pgsgal Cums (il L L(F Jgin) <8l ials (holas
b awglio )3 (g)bline jbas S b 3yl clale gl Jobwe
Oy 8l Gl58 poigel 1B lis Jslowo b 0as 4,335 alS
ol s &) posigal VO 4 YO s 3 Sy b Lidg)lS clale
coioman bl (g foline ST FY/D & PV/D Connss b 4] 45 03
et 20y XD (5 b b IS il ¥ +¥ ol S Kt o3, 50
adls > &858 b oFgym (¥ Jgi2) 29 ¥V ol )S K 8 5
Ahmadi et ) 3> (id5 Jdg )l cal )3 puiiune yobods (308552
8 YVID G 3 0l g5t clilé o8 bl 51 (al., 2004
g2 lade oyt Vo Ll S S o8, 53 Olyis 4 pasigel SV/O
g S polia 392 it > lg5 e Ve pol ol Y Jgo)



VoY 60— ,57 B oyl PV wls (S g oF 4,5 VA

) £95 9 1y 4 porigel Comd il Cod )5 8 )b L 43 (g jrimgd SRo3S, CE (il lg 41520 Y Jgsa
Table 3- Analysis of variance for photosynthetic pigments concentration in shoot of maize affected by NH4*/NOs" ratio and
cultivar type

d gl @il ar,n A g ls b Judg,l5 Mg, S 1 (S o pad Lo
SOV Df Chlorophylla  Chlorophyll b Carotenoids Leaf greenness index
Sok 3 0.05™ 0.06 " 0.03m 0.96 "
Block
Ol & parigel ol 4 27.12% 19.76%* 12.72%* 284.88**
NH4*/NOgz ratio
el 1 1.71% 2.34%% 0.50%* 82.66%*
Maize Cultivar
55 o) X Sl & poigel Cams
CultivarxNH4*/NOs" ratio 4 0.46* 0.15" 0.18** 14.59**
ks 27 0.14 0.08 0.01 2.78
Error
() s ; 3.87 5.47 6.04 5.37

Coefficient of variation (%)
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ms, ™ and *: non-significant, significant at p<0.0I and p<0.05, respectively.
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Table 4- Mean comparisons of the NH4*/NOgs™ ratio and maize cultivar effect on photosynthetic pigments concentration in the
leaf of maize

(9,3 »8,) Maize Cultivar

(V€ Lol S JKisw) Single cross 704
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&l s 0:100 12.5:87.5 25:75 37.5:62.5 50:50 0:100 12.5:87.5 25:75 37.5:62.5
(et
NH4*/NOj3 ratio
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2 s
h(l J‘Bgr:lgl)l 8.40% 9.30¢ 12.13% 11.62% 8.30% 8.23% 8.514 11.94° 11.35°
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. *»”‘:”)“_d 0.91° 1524 3.728 3.22° 0.91° 0.64' 1.60 3.16 3.02¢
arotenoids
Leaf S, 27.20% 29.68¢ 38.907 36.88% 22.23 26.43¢ 28.95% 38.57*  35.80°
greenness index
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NH4*/NOj3 ratio
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%r*"]'g;"f*":w)b 351° 457" 7.09° 6.94° 4.76"
) o8
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b Lé . <
e (V-F ol IS (11 o5 IS
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5.61°

5.13b
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Means followed by the same letters are not significantly different at 5% probability level based on Duncan test.

Yo +I5A) Sy g oy b s 4 pasdgel YO 4 YO o b
@00 Cud > &S@l 4 g L(F Jgia) o (L (6lS 3 @y
Jolixo S0l Sy (53thungth (glmoSs) cale i 4 poigel O
s 5 sbo dosgi 55tz oliee o @l (F Jgia) o ol
Cul Mdize (Marschner, 2012) zs)lo .cél jials oa Sy
b of wlgs g 03,3 G 1) pasisel gy 2 5l St olS &5 s
o5 dliosw] posigel amd o &) 0lS )3 posigel xess WS dlios]
Fraogtd 2ilo olS Sl clacallad I gk )3 5 005 S 3l
U555 (Chen et al., 1998) o)\ Kon 5 o3 S o db) D3]
5038 GialS Sl pisel wtes I b i gt Lo 105
s sl Jobo bl 5 axgi 53 S sine i85 o b
Duke & Collins, ) 5Jl8 5 o300 &, piS 13 55y s alS
2 S0 Slam sl b d00 ) mly o5 038 ol (1985

clale il cunl (aody 215 olim GiE passel (g dsonul
D95 00 0kS ) dhagl i paigel Glise (l38l s mausliy

kbl (Kandlbinder et al., 1997) .\ Ken 5 janlluls
s 2 edlitl (305t el S pomgel I &S SlalS oS
crl 48 39y ol Ll SVl 9 o (6ol dT 3 i (> M3
2 sl (3940 Lﬁ L;Lmoﬁ.ﬂ cilw bis o wly o oals
5 slodsl Mg s b el 4is gl jl (S & 5yee
b ailg oo JI slagyas] el JT lagesl Wy ol Jls &
5 Wbl (rewl Yl &S wias ) oSl S iy
RV UJ l) d}‘“" L;Lzac;..,)bé WJ::..) u)“l.'sl}'{

e Jobee 13 paigal ptew 292 3k Y S s
Ol L o)l ls 3 manly clale il Ky, logs 5 (1o 0¢)
s Slyizxe 515 o8 )3 ol U (Y Jsie) posisel e
by Clale e ey S O 4 B Cans D Sy Cogb,
TV oS IS 98) & s Vo ol S IS 08 5 0)lud L
P Sy Cusb) (s lgime 39yt Jleisl L5 (¥ Jga2)
(7 Jge) 290 ¥V e oS IS 05y 0 S V¥ )

2 pesgel JSB @ gt doyd B 38 Lo LS gl
B G 3 F Jgio) bl (ialS )3 Sy aw olie Jole
auwlio > ials 1oy YA olS Sy aaw @lyis 4 posigel B+ 4

Single cross 410 (£Y« ! S JKiww)



VFe¥ 60537 B oylods ¥V b (S g ol @25 VAY

43 9290 Commud 3 Co S 31 Caghy (o (8157000 § S 31 b ol B puco ()18 el 9 0, UL 236 (339 il g 425265 —0 Jga
w2y &9 9 Ol
Table 5- Analysis of variance for shoot and root fresh weight, water use efficiency, leaf area and leaf relative water content
affected by NH4*/NOgs ratio and cultivar type
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Pl ‘_5-3'}] A S 8, Lus Lo Root fresh 83U (39 wlwl g SUES 59 wlwl
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area weight efficiency efficiency
Soh 3 18.65™ 0.00™ 470.89™ 160.09 " 0.71m™ 0.03™
Block
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&y 8y %
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s 27 9.22 0.00 14336 159 0.09
Error
() Sy p

variation (%)
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ms, ™" and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 6- Mean comparisons of the effect of NH4*/NOs™ ratio and maize cultivar on root and shoot fresh weight, water use
efficiency, leaf area and leaf relative water content of maize

I e . of & 51,5
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NH4*/NOs - ; . efficiency Based
ratio weight weight Based on fresh weight on Dry weight (k
(gplant’) (g plant?) (kg m?) ey O
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. 12.5:87.5 763.75¢ 232.254 29.92d 4.90¢%
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S gy (s Slgoee b
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Leaf Relative Water Content (%)
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Means followed by the same letters are not significantly different at 5% probability level based on Duncan test.
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Introduction

Climate change has led to changes in the frequency, intensity, duration, and spatial distribution of climate
extremes. During the last decade (2011-2020), the average global temperature was 0.1 £ 1.1 °C higher than in the
preindustrial era. Iran and especially the Urmia Lake basin is one of the most vulnerable areas to climate change.
Urmia lake basin has received the special attention of policymakers and planners since it is the location of Lake
Urmia, and it also holds nearly 7% of Iran's water resources. A huge program of dam construction and irrigation
networks has been started in this basin in the northwest of Iran since the late 1960s. Despite the increasing attention
to Lake Urmia since 1995, the water level of this lake has decreased. During the drought of 1990-2001, Lake
Urmia experienced a decrease in its level without any recovery and is decreasing at an alarming rate. Therefore, it
is necessary to project the future climate of the Urmia Lake basin and especially extreme precipitation based on
the latest climate change models.

Materials and Methods

The CMIP6 models were used to investigate the future projection of extreme precipitation in the Lake Urmia
basin. Considering the horizontal resolution, availability of daily data, and climate sensitivity, we selected five
models including GFDL-ESM4, IPSL-CM6A-LR, MPI-ESM1-2-HR, MRI-ESM2-0, and UKESM1-0-LL. The
horizontal resolution of all five models is 0.5°. The 25-year historical period (1990-2014) and the 25-year
projection period for the near future (2026-2050) were chosen to analyze the extreme precipitation in the Urmia
Lake Basin. The future projection was considered under three shared socioeconomic pathways (SSPs) scenarios.
These scenarios include SSP1-2.6, SSP3-7.0, and SSP5-8.5 scenarios. Mean bias error (MBE) and Normalized
Root Mean Square Error (NRMSE) were computed to evaluate the individual models and the multi-model
ensemble generated by Bayesian Model Average (BMA) method. To assess extreme precipitation, we used four
indices including the Number of heavy precipitation days (R10mm), the number of very heavy precipitation days
(R20mm), the Maximum 1-day total precipitation (Rx1day), and the Simple Daily Intensity Index (SDII).

Results and Discussion

The performance of five CMIP6 individual models and the multi-model ensemble in the Lake Urmia basin
during the period of 1990 to 2014 was evaluated against eight ground stations. The investigation of the annual
precipitation showed that this variable is underestimated in CMIP6 models in the basin averaged. The maximum
and minimum bias values model was seen in Sagez station by -9.64 mm for the MRI-ESM2-0 and -0.43 mm for
the UKESM1-0-LL, respectively. The highest average MBE in the Urmia Lake basin was respectively obtained

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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for GFDL-ESM4, IPSL-CM6A-LR, MPI-ESM1-2-HR, MRI-ESM2-0, and UKESM1-0-LL models. Among the
examined models, MPI-ESM1-2-HR has shown the highest efficiency among the examined individual models.
Variations in the number of heavy precipitation days during the historical period (1990-2014) have
distinguished three main areas for the Lake Urmia basin. The main hotspot of heavy precipitations in the Urmia
Lake basin is located in the southwest of Kurdistan province with a long-term average of 25.4 days. The next
hotspots are the northwest and the northeast of the basin. In the historical period (1990-2014), the precipitation
intensity index Rxlday experienced considerable variability. Based on CMIP6-MME, the value of the Rx1day
index in the Urmia Lake basin is estimated between a minimum of 16.3 mm and a maximum of 63.3 mm. The
maximum variation of this index is seen in the southern areas of the basin, especially on the border with Iraq.

Conclusion

Evaluation of individual CMIP6 models showed that these models underestimated precipitation in the Lake
Urmia basin during the historical period (1990-2014). The CMIP6-MME has significantly improved precipitation
estimation. The results of the investigation of days with heavy and very heavy precipitation showed that the two
indices R10mm and R20mm are increasing in most areas of the Lake Urmia basin by the middle of the 21% century.
Trend analysis showed that the days with heavy and very heavy precipitation will increase under different SSP
scenarios in most areas of the Lake Urmia basin, especially in the northern and western regions. Also, days with
heavy and very heavy precipitation will have a greater contribution than normal precipitation days in the future. It
is expected that the intensity of precipitation will increase in the coming decades in the Lake Urmia basin, and this
increase is more for the western and northern regions than for other regions of the basin. This result may potentially
increase the flood risk in Lake Urmia.

Keywords: Climate change, CMIP6-MME, Extreme precipitation, Urmia Lake basin
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Figure 1- CMIP6 grid points (right side) and its comparison with synoptic stations in Lake Urmia basin (left side)
The topography of the basin is shown in color on the figures
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Figure 2- Average precipitation bias of individual CMIP6 models and multi-model ensemble model generated by BMA
method in Lake Urmia basin
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Figure 3- Normalized Root Mean Square Error (NRMSE) of precipitation of CMIP6 individual models and multi-model
ensemble model generated by BMA method in Lake Urmia basin
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Introduction

Drought is one of the greatest challenges of our time due to the dangers it poses to the world. In arid and semi-
arid regions, it is necessary to continuously monitor agricultural systems that face water shortages and frequent
droughts. Therefore, it is necessary to have large-scale information about agricultural systems and land use for
managing and making decisions for the sustainability of food security. Continuous monitoring of drought requires
a large amount of information to be processed with great speed and accuracy. Due to the complexity and impact
of various factors on drought, in recent years, the methods of combining several factors to create a comprehensive
drought index have received much attention. Machine learning and deep learning methods can provide a more
accurate and efficient tool to predict droughts and be used in drought risk management. The review of sources
shows that until now no studies have been conducted in the field of drought monitoring using deep learning
approach and satellite images in the catchment area of Lake Urmia in Iran. A large part of its economic activities
is dedicated to agriculture. The increase in temperature, the increase in evaporation-transpiration and the excessive
use of water resources for agriculture have caused an upward trend in the frequency of droughts in this basin during
consecutive years, one of the harmful effects of which is a significant decrease in the lake level. Therefore, for
drought management in this basin, it is very important to identify drought behavior so It is very important to
determine appropriate and reliable indicators to measure and predict the effects of droughts. According to the
investigations, it was observed that most of the studies in the field of drought in this basin have been carried out
from the meteorological point of view, or by individual plant indicators, so in this study, using the approach of
principal component analysis, we tried to provide a composite drought index for drought modeling and forecasting.

Materials and Methods

In this research, satellite images and deep learning and machine learning methods have been used to predict
the Combined Drought Index. For this purpose, satellite images were first obtained for the study area and pre-
processing was done on the data. Then, all the data were converted to a scale with a spatial resolution of 500
meters, and the VCI index was calculated using NDVI data, the TCI index using the land surface temperature
product, and the CWSI index using the Modis evapotranspiration product, and finally, CDI drought index was

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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calculated using principal component analysis method. Then the correlation between CDI data and other
meteorological variables including evapotranspiration, potential evapotranspiration, land surface temperature
during the day, and land surface temperature at night was calculated. Finally, the CDI index is modeled using deep
learning and machine learning methods.

Results and Discussion

This study modeled the Combined Drought Index based on a different combination of input variables and deep
learning and machine learning methods. Examining the results showed that the variables of the normalized
difference vegetation index, the land surface temperature during the day and at night, evapotranspiration, and
potential evapotranspiration were the most influential parameters for modeling the CDI index, and all four methods
with acceptable accuracy and error have been able to model the combined drought index. The CART model with
a correlation coefficient of 0.96, RMSE equal to 0.029, and Nash Sutcliffe coefficient of 0.92 was chosen as the
best model among the methods.

Conclusion

In this research, different combinations of input variables extracted from satellite image products were
evaluated in the form of 6 independent scenarios to predict the Combined Drought Index. By examining the
evaluation parameters including correlation coefficient, Nash Sutcliffe coefficient, and root mean square error, it
was found that all four methods can estimate the combined drought index with acceptable accuracy and error.
Among all the methods, the CART method performed better (R=0.96 and RMSE=0.029) than the other methods
for predicting the time series of the Combined Drought Index. On the other hand, the SVM method has been able
to model the combined drought index with acceptable accuracy (R=0.94 and RMSE=0.034). However, contrary
to expectations, two deep learning methods were able to model the combined drought index with less accuracy
than machine learning methods. In general, by examining the results, it was found that with the method presented
in this research, it is possible to accurately predict the CDI combined drought index time series and predict drought
in different periods of plant growth, and use its results for regional drought management and policies, especially
in Basins without statistics.

Keywords: Agricultural drought, Combined Drought Index (CDI), Deep learning and machine learning,
Satellite images
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Figure 1- Location of the study area
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Tablel- Satellite products used
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Products Index Definition Spatial Resolution  Temporal Resolution  Sensor

MOD16A2  ET G 500 m o352 A MODIS
Evapotranspiration 8 day

MOD16A2  PET by s 500 m 23504 MODIS
Potential Evapotranspiration 8 day

MOD11A2  LSTasy 392 2 O g slod 1000 m 2ja) A MODIS
Land Surface Temperature-Day 8 day

MOD11A2  LSTnign w2 e gl o> 1000 m 2js) A MODIS
Land Surface Temperature- Night 8 day

MODI3AL  NDVI ol 02 Jloj Jols a3l 500 m 239, V7 MODIS
Normalized Difference Vegetation Index 16 day

MODI13A1  EVI e 452 29 o> 500 m 25 ¥ MODIS

Enhanced vegetation index 16 day
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Figure 2- Flowchart of the study method
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Figure 4- LSTM method architecture (Criséstomo de Castro Filho et al., 2020)
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Table 3- Correlation of meteorological station data with remote sensing data
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Figure 7- Correlation map
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Table 4- Correlation

b as b CDI VCI TCI CWSI NDVI LSTDay LSTNight ET  PET
w"‘“s_ s S et 1 0778 -025 0969  0.768 0.913 0.887 -0.418 0911
Combined Drought Index
@st w"l‘“ 0.778 1 0418 0649 0913 0.681 0.671 0.025  0.666
Vegetation Condition Index
o3 Cumd 9 02> L 025 -0.418 1 -0.346  -0.376 -0.305 -0.281 -0.042 -0.203
Temperature Condition Index
1 s
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Crop Water Stress Index
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Normalized Difference Vegetation Index
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Land Surface Temperature-Day
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Land Surface Temperature-Night
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Evapotranspiration
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Table 5- Input variables for CDI index modeling

FIKeY)
9'3)“*‘_’ [CYes NDVI EVI LST-Day  LST-Night ET PET
Scenario  Number of
variables
1 1 v
2 2 v v
3 3 v v v
4 4 v v v v
5 5 v v v v v
6 6 v v v v v v
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Table 6- summarizes the results of CDI index modeling using different models
Low CART SVM BiLSTM LSTM
¥
Scenario NSE R RMSE NSE R RMSE  NSE R RMSE  NSE R RMSE
1 0.64 0.82 0. 061 0.61 0.80 0. 063 0. 56 0.85 0. 105 0.83 0.89 0. 045
2 0.71 0.85 0. 055 0.79 0.89 0. 047 0.75 0.89 0. 050 0.81 0.90 0. 044
3 0.84 0.92 0. 041 0.81 0.91 0. 044 0.76 0.90 0. 050 0.82 0.91 0. 044
4 0.83 0.91 0.042 0.81 0.91 0. 044 0.81 0.91 0. 044 0.82 0.90 0. 044
5 0.85 0.92 0. 040 0.85 0.92 0. 040 0.81 0.90 0. 044 0.81 0.90 0. 044
6 0.92 0. 96 0. 029 0.88 0.94 0.034 0. 80 0.90 0. 045 0.81 0.90 0. 044
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Introduction

Due to global warming and climate change, droughts and extreme precipitation events are increasing.
Therefore, it is of special importance to know the characteristics of precipitation in the region in order to manage
water resources effectively especially during torrential rainfall events. This can help to reduce the risk of these
events and increase water reserves with proper management. These precipitation characteristics which are the
objectives of the present study, include the temporal-spatial distribution of precipitation in different parts of the
study area, as well as the number of days with and without precipitation and the maximum precipitation occurring
in the region. Also, these precipitation characteristics should give us information about extreme precipitation
events.

Materials and Methods

This research analyzed the characteristics of precipitation in Markazi province over a 30-year period (from the
crop year 1991-1992 to 2020-2021) using statistical methods and the spatial distribution was drawn and analyzed
with ArcGIS software. This province includes the 12 meteorological stations of Arak, Mahalat, Saveh, Tafresh,
Ashtiyan, Komeijan, Khondab, Shazand, Khomein, Delijan, Farmahin and Ghargabad, which the precipitation
data of these stations were investigated. The trend of precipitation changes in monthly, seasonal, and annual time
scales were also examined using the Mann-Kendall test. Moreover, extreme precipitation was assessed using four
indices: total extreme precipitation (R95p), number of days with precipitation above the station’s extreme
precipitation threshold (R95d), absolute intensity of extreme precipitation (AEPI) and the fraction of total rainfall
from events exceeding the extreme threshold (R95pT). The latter index represents the ratio of extreme precipitation
to annual precipitation in rainy days (daily rainfall above 1 mm).

Results and Discussion

This study reveals that, on average, 53% of the annual precipitation is accounted for by the maximum index of R95pT,
which indicates the percentage of extreme precipitation that occurred at each station relative to its the precipitation
of the corresponding year. Knowing the timing of these extreme events can help to manage floods and optimize water
resources. More than 20% of these precipitations occurred in March. The spatial distribution of rainfall in Markazi
province shows that the south-west regions have the highest average annual and seasonal rainfall, except for the
summer season, while the eastern regions have the lowest. The winter season has the highest rainfall on average,
followed by spring and autumn. March is the rainiest month with a coefficient of variation of 0.8 and an average
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monthly rainfall of 55.6 mm during the studied period. Due to most extreme precipitation events occurring in this
month, it has the highest importance for water storage and management throughout the year. The average
precipitation in March ranges from 32.6 mm (Saveh station) to 91.6 mm (Shazand station) across the stations of the
province. The maximum rainfall in this month varies from 124.4 to 254.6 mm among the stations of the Markazi
province, which is a considerable amount compared to the provincial average crop year. The standard deviation of
precipitation in this month is between 28.7 and 61.3 mm, and the coefficient of variation at the stations of the province
is between 0.6 and 0.9. Moreover, in terms of average monthly rainfall 22Nov-21Dec, 20Feb-19Mar, and 230ct-
21Nov are the next priority months for water storage management after 20Mar-19Apr, with average monthly rainfall
of 39.3, 38.2, and 36.3 mm, respectively. The Mann-Kendall non-parametric test results did not reveal a consistent
trend, but it showed that most of the meteorology stations in Markazi province had a significant decreasing trend in
the rainfall in 21Jan-19Feb at a 90% confidence level. The analysis of extreme precipitation indices indicated that
Shazand station had the highest extreme precipitation threshold value (28 mm), while Saveh and Delijan stations had
the lowest (15 mm). The extreme precipitation threshold average of 30 years in other meteorological stations of
Markazi province are 21mm in Arak, 17mm in Tafresh, 21mm in Khomeyn, 19mm in Mahallat, 17mm in Komeijan,
16mm in Farmahin, 21mm in Khondab, 17mm Ghargabad and 18mm in Ashtiyan.

Conclusion

The spatial distribution of rainfall in Markazi Province shows that the southwest regions have the highest average
annual and seasonal precipitation, except for summer, while the east regions have the lowest. The average monthly
rainfall also indicates that March has the highest rainfall among all months of the year, and that about 20% of the
annual extreme precipitation occurs in this month.

Keywords: Characteristics of precipitation, Extreme precipitation, Global warming, Extreme precipitation
indices, Markazi province
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Table 1- Coordinates and climatic characteristics of meteorology stations in Markazi province
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Characteristics of meteorology stations in Markazi province
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Figure 1- a) The topography and b) the location of the meteorological stations of Markazi province c) the location of Markazi
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Table 2- Brief description of the four extreme precipitation indices used in this study
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Precipitation due to very wet days mm
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Extreme precipitation days day
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Absolute intensity extreme precipitation Index mm day!
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Extreme precipitation to total precipitation of very wet days
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Table 3- Characteristics of long-term annual rainfall (from crop year 1991-1992 to 2020-2021) in meteorological stations of
Markazi Province

ol oU ..\.v)lw uﬂ;ﬁ J‘)‘ clws s

Station
name

Wiae  plwes ol

. Lreds
Cleo 2 )Y = bslw
o

Shazand Tafresh Arak Khondab Khomeyn Ghargabad Komeijan Ashtiyan Farmahin Mahallat Saveh Delijan

VLo (ke
Annual 490.1 3155 3118 309.3 296.6
average
4Vl
Annual
absolute
minimum
aYlo
Annual 961.6 464 5474 5725 514.2
absolute
maximum
o Gl
Yl
Annual

standard
deviation

267.3 169 1544 117.7 138

1495 798 9138 96.8 99.9

Olyass i
Coefficient 0.3 0.25 0.29 0.31 0.34

of variation

481.5

290.2 280.6 271.6 252.5 239.4 1928 1823

181.7 169.3 139.5 126.2 1051 76.6 885

532.5 443.8 419.1 416 2979 305.2

89.7 69.5 715 83.4 60.8 547

0.32 0.26 0.28 0.35 0.32 0.3
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Figure 2- Spatial distribution of precipitation characteristics in the cropping year of Markazi Province a) Average rainfall of

long-term cropping year b) Average number of days with rainfall in cropping year c) Average number of days with rainfall
of more than 10 mm in cropping year D) average number of days without rain
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Figure 3- Spatial distribution of seasonal rainfall in Markazi province
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Figure 4- Spatial distribution of monthly precipitation in meteorological stations of Markazi province a) 23Sep-220ct b)
230ct-21Nov
) 22Nov-21Dec d) 22Dec-20Jan e) 21Jan-19Feb f) 20Feb-19Mar g) 20Mar-19Apr h) 20Apr-20May i) 21May-20June j)
21June-21July K) 22July-21Aug 1) 22Aug-22Sep
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Table 4- Mean monthly precipitation and coefficient of variation in 12 meteorological stations of Markazi Province in a
period of 30 years
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220ct  21Nov  21Dec 20Jan 19Feb  19Mar  19Apr 20May 20June 21July 21Aug 22Sep
Ok 5Ske
Slale
Average 6.8 36.3 39.3 29.7 33.8 38.2 55.6 34.9 6.8 2.2 11 14
monthly
precipitation
Olyuss o b
Coefficientof 1.7 0.9 0.7 0.7 0.6 0.8 0.8 0.9 1.8 22 28 29
variation
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Table 5- Mann-Kendall statistics in meteorological stations of Markazi Province (dark orange: increasing trend at 95%

confidence level, light orange: increasing trend at 90% confidence level, dark blue: decreasing trend at 95% confidence level,
light blue: decreasing trend at the 90% confidence level

TestZ

Sl sglw i omed Wil bl OMe glweS  omeyd lud ablEE ol

Arak Saveh  Tafresh Khomeyn Shazand  Delijan  Mahallat Komeijan Farmahin  Khondab Ghagabad  Ashtiyan

3227959
20Mar- 1.39 1 1.34 1.07 0.65 0.61 0.77 0.93 1.46 1.27 1.07 1.02

19Apr
Sl - .,.-’)l

20Apr- ) )
20May 1.16 1.66

HEYeS

21May- . )
20June 0.98 1.08

-085 -166 -136 -160 -1.71 -143 -141 -0.66 0.42 0.88

002 -020 -140 -0.74 -0.74 061 0.22 1.13 0.15 -0.08

21June-
21uly 0.82 0.74

3130
22July- 0.58 0 -0.54 047 1.62 0.53 -0.53 1.77 0.62 0.12 -0.08 0.95

21Aug

IR R .
22Aug- 0.16 0.90 0.36 0.38 0 -0.42 -0.15 0.63 0.90 0.06 -0.34  0.40

22Sep
e

23Sep- ) .
2200t 0.33 0.22

ol
230ct- 112 146 1.92 1.73 1.02 1.34 1.57 121 1.28 1.26 131 1.69
21Nov
N )
22Nov- 0 -0.44  0.46 0.02 089 -0.61 111 0.14 0.63 0.07 0.92
0.41
21Dec
L]

22Dec- - -
20Jan 0.03 054

Ok - -
21Jan-
19Feh 1.65 1.77
RV

20Feb- ' .
2D 075 041

091 | 242 018 -0.83 0.87 0.61 -1.00 152 0.87 0.94

Al
Monthly

-0.10 018 -0.04 -042 054 0.36 0.06 -0.16  -0.33  0.04

-034 -012 -017 026 -1.18 -1.43 0.00 -051  -0.37 -0.25

-148 -175 -048 | -208 -216 -121 -120 -119 -184 -0.23

-0.82 -009 -037 014 -1.03 -0.54 0.05 0.02 131 1.08

S -
Spring 0.31 0.39

Ol 0.69 113 043 004 -069 113 0.23 023 -0.18 049
0.73

024 -004 -007 010 -0.82 0.43 0.43 0.48 141 121

Summer 073
b 129 093 1.50 1.37 1.31 1.09 0.52 1.82 1.03 1.43 0.77 1.52
Autumn
e - -
Winter 1.36 153

ead
Seasonal

-1.58 -121 -0.17 -049 @ -207 -150 -021 -044 -0.52 0.50

Yl

Anual 073 118 -092 -075 -133 -0.08 | -228 -002 -014 054 1.02 1.96
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Table 6- Extreme precipitation threshold average of 30 years in meteorological stations of Markazi province
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Extreme precipitation threshold average of 30 years of meteorological stations of Markazi province

ol pl SHE el R One Sl REAN RS xS o s bl olkas!
Name Arak  Saveh  Tafresh Khomeyn Shazand Delijan  Mahallat Komeijan  Farmahin  Khondab  Ghagabad  Ashtiyan
Rwn95 (mm) 21 15 17 21 28 15 19 17 16 21 17 18

G5 30 bl owldilgd crolKum! 4> dlu ¥ 0,93 4,3 RISPT dinoS g i -V Jgu
Table 7- The maximum and minimum of R95pT in the 30-year period in the meteorological stations of Markazi province

Syl sglw ey e Wil gl OVe  gleeS omeesd olud ablg.Ee ol

Arak Saveh  Tafresh Khomeyn  Shazand Delijan  Mahallat Komeijan Farmahin Khondab  Ghagabad Ashtiyan

Max

rospT 00 59 48 57 62 58 50 54 49 45 45 54
Min 10 7 11 15 11 9 8 8 8 7 8 10
R95pT
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Table 8- Examples of four extreme precipitation indices calculated in the studied period (1370-1371 to 1399-1400)

8wl JWw  Res,  R9SdA  AEPI  R95pT sl JW Resp R95d AEPI  R95pT
Station Year (mm) (days) (m/day) (%) Station Year (mm) (days) (m/day) (%)
Sy
1397 317.4 10 31.74 60 ol 1380 160.7 5 32.14 58
Arak
ol 1377 87.2 4 21.8 59 Delijan 1397 79.6 4 199 27
Saveh 1373 132.3 6 22.05 51 IEN 1378  90.2 2 45.1 50
1397 128.2 5 25.64 44 Mahallat 1397 107.4 4 26.85 29
oo 1370 220.5 8 27.56 48 ObeS 1378 100 3 33.33 54
Tafresh 1378 135.2 4 33.8 48 Komeijan 1397 240.5 7 34.36 46
1397 167.6 5 33.52 37 Ok 1378  111.7 2 55.85 49
s 1378 82.1 2 41.05 57 Farmahin 1397 195.2 7 27.89 48
s
Khomeyn 1380 251.6 8 3145 52 1397 2554 5 51.08 45
Khondab
Sbls,e
1397 249.2 8 31.15 49 1397 213.20 7 30.46 45
Ghargabad
L5 1378 217 5 43.4 62 uL.wl 1378 110 2 55 54
Shazand 1379 189.2 5 37.84 50 Ashtiyan 1397  187.9 7 26.84 44
1397 481.8 12 40.15 50
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Table 9- The share of the extreme precipitation in 20Mar-19Apr from the total average annual precipitation in the 30-year
period in terms of percentage in the meteorological stations of Markazi province

SH s i omed Wil gl OMe e omed s ablgE gl
Arak Saveh Tafresh Khomeyn Shazand Delijan Mahallat Komeijan Farmahin Khondab Ghagabad Ashtiyan
25 225 245 26.1 218 25 22.9 23.2 28.6 25.8 30 28
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