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Introduction

The constructive effects of green spaces on the quality and livability of the urban environment have been
reported in many studies. Therefore, using methods that can accurately estimate the evaporation of transpiration
in green space can help to reduce water loss. The purpose of estimating water demand for urban green space is
also different from the purpose of determining water demand for an agricultural farm. In urban green space, the
goal is to maintain good growth, appearance and acceptable plant health, while biomass production is the main
goal on agricultural farms. Therefore, urban green space can typically be managed using an irrigation area that is
less than the amount of water needed to produce agricultural products. Due to the limited water resources in arid
areas, the use of less irrigation in urban green space can be desirable to save water consumption.

Materials and Methods

The Wucols method for estimating Water requirements in green space was developed by Castello et al. (4).
They developed the Wucols water taxonomy guidelines for planting green space in California. The Wucols method
estimates evapotranspiration in green space using reference evapotranspiration and a set of coefficients (Species
factor, density factor and microclimate factor). PF method is the minimum acceptable irrigation for green space
plants that emphasizes maintaining the beauty of the plant. In this method, the water required by green space plants
is considered as a percentage of ETo so as not to reduce their appearance and performance. In this approach, PF is
a regulatory factor that is actually considered instead of K. and multiplied by ETo, except that the emphasis is on
the appearance of the plant and not on its optimal growth and yield. The IPOS method has been developed by the
Government of South Australia for planning and managing water needs in public open spaces, especially sports
lawns and amusement parks. In this method, the water requirement of grass in urban open space is calculated. In
this method, plant transpiration evaporation (ET\) is calculated by multiplying reference transpiration evaporation
factors (ETo) by grass vegetation coefficient (K¢) by plant stress factor (Kst).

Results and Discussion

The results showed that the highest rate of evapotranspiration obtained by Wucols method was 83.38 mm
during 21 Jun-21 Jul. Also, the rate of transpiration evaporation during one year of the experimental period was
estimated to be 556.5 mm. The results of estimation of transpiration evaporation by PF method also show the
maximum amount of transpiration evaporation during 21 Jun-21 Jul and is 75.55 mm. The evapotranspiration rate
during one year was estimated to be 505.9 mm. For the Ipos method, the highest rate of transpiration evaporation
was estimated to be 36.38 mm during 21 Jun-21 Jul and 242.9 mm during the experimental period. Gross irrigation
requirement is estimated by considering 70% irrigation efficiency for each month using all three methods. For the
Wucols method, the gross irrigation need during one year was estimated to be 794.8 mm. For the PF method was
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722.7 mm and for the IPOS method was 346.9 mm. According to the reported irrigation records for the study area,
which is 900 mm per year, the Wucols method had the closest result to the irrigation records.

Conclusion

The results showed that the Wucols method has the best and closest estimate according to the irrigation records
of the study area. The gross irrigation requirement calculated by the Wucols method during a year is 794.8 mm,
which is 12% less than the gross annual irrigation requirement of the studied green space. While PF and IPOS
methods determined the amount of gross demand 20 and 62% less than the annual irrigation rate in the region,
respectively. The results of this study show that the Wucols method for estimating the water requirement of plants
in urban green space where there is a combination of different plant species is more reliable than the PF and IPOS
methods due to the diversity of species, vegetation density and different climates.

Keywords: Agriculture, Climate, Vegetation, Water Requirements
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Figure 1- Aerial photo of Karaj Department of Agriculture and Natural Resources
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Table 1- Plant coefficient estimation by Wucols method (Costello et al., 2000)
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Table 2- Plant coefficient of grass types (South Australian Water Corporation-IPOS Consulting, 2008)

(> £99) Type of grass

(8 ym3 30 (o) Cold grass

(s ysm0 )5 (302) Tropical grass

28 <o s (Ke) Plant coefficient

0.8-0.95

0.6-0.8

O O sla,gS - Jgsa
Table 3- Turf grass crop stress factors (South Australian Water Corporation-1IPOS Consulting, 2008)

«u4ib) Classification TQVS

TQVS1
(€S g o )5kl e Q

TQVS?2

TQVS3 TQVS4

Elite sports turf
(S 2> (#5559 002)
(ot Jole) (Kst) stress factor 1

(cao) Description

Premier sports turf
(2 59 oo2)

Local sports turf Passive recreational turf
) (im0 5 (02)
0.6 0.5 0.4
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Figure 2- Reference evapotranspiration curve
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Ipos 98.82 mm 130.67 mm 77.65 mm 39.75 mm
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Introduction

The watershed acts as a hydrological unit regulating the quantity and quality of the water cycle, and human
beings have incurred high costs due to ignorance of this complex cycle and lack of planning of projects in terms
of the relationship between water management and community development.

Knowledge of features such as maximum flood discharge is essential for the design of hydraulic structures,
such as dams, spillways, bridges, and culverts, in order to reduce potential damages and predict when peak
discharges will be reached in the downstream areas when discussing flood warning. Rainfall-runoff modeling is
one of the key tools in hydrology to achieve flood characteristics, such as peak rate and peak time. In current
research, the performance of IHACRES model using "Hydromad" R package has been implemented to simulate
flow in the Shoor river basin in Ghaen on a monthly scale. The model simulation was done to investigate the
effect of selecting "ARMAX" and "EXPUH" methods in the linear part of the target function. Also, the modeling
process and the optimized values of the model parameters were investigated.

Materials and Methods

The Shoor river basin with an area of 2412.92 square kilometers located in Ghaen between 59 degrees and 12
minutes to 59 degrees and 14 minutes east longitude and 33 degrees and 42 minutes to 33 degrees and 45
minutes north latitude. The study catchment with an average altitude of 1420 m above sea level and an average
long-term annual rainfall of 173 mm has a dry climate. This river is the largest river in Ghaenat city which flows
into Khaf Salt field. In this research, the IHACRES model was implemented using the Hydromad R package. To
perform the flow simulation, precipitation, flow rate and temperature data on a monthly scale during the years
1998 to 2017 were used. The IHACRES model has two parts: the first part, which converts precipitation into
effective precipitation at each time stage and the second part, which converts effective precipitation into modeled
flow. These sections are called nonlinear and linear modules, respectively. To implement each of the sections of
nonlinear modules and linear modules according to the data and conditions in the study area, methods with
different parameters can be used. In this research, in the non-linear module section, the "CWI" method and in the
linear module section, "ARMAX" and "EXPUH" methods have been used for proper routing in the "reverse"
calibration section. In the validation section of the "Is" method, the performance criteria of KGE, NS and R?
were used to evaluate the performance of the model in both calibration and validation process.

Result and Discussion
Comparison of obtained results in this study with previous studies showed that in terms of examining the

1- M.Sc of Water Resources, Department of Water Engineering and Science, University of Birjand, Birjand, Iran

2, 3 and 4- Assistant Professor and Associate Professors, Department of Water Engineering and Science, University of Birjand,
Birjand, Iran and Member of Drought and Climate Change Research Group, respectively.

(*- Corresponding Author Email : mamirabadizadeh@birjand.ac.ir)


https://jsw.um.ac.ir/
https://doi.org/10.22067/jsw.2022.74115.1122
mailto:mamirabadizadeh@birjand.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir
https://www.orcid.org/0000-0003-2814-0948

VPo) eyl — (52359,8 ) oylecs FF ol (S g T a5 VA

performance of the model with the EXPUH linear method, the obtained results were consistent with the results
of Sadeghi et al. (2015) and Lotfi Rad et al. (2015) and the model with the EXPUH linear method. The NS
criteria has shown acceptable performance. According to the results of the model in the calibration section, in
terms of evaluation criteria NS, KGE and R?, and in terms of simulation of peak flow values and the time to
peak using EXPUH method in the linear part showed better performance than ARMAX method. The value of
these criteria in EXPUH method is equal to 0.86, 0.93, and 0.86, and in ARMAX method are equal to 0.7, 0.85
and 0.73, respectively. In the validation section, the evaluation criteria in EXPUH method were equal to 0.51,
0.63, and 0.54 and in ARMAX method were equal to 0.55, 0.73 and 0.65, respectively, indicating better
performance of the model by ARMAX method. Comparison of the EXPUH method, and also the model with
ARMAX method showed more accurate performance in terms of peak discharges, quantity and time of
occurrence. The values of NS, KGE and R? evaluation criteria in this section were 0.51, 0.63, and 0.54 using
EXPUH method and 0.55, 0.73 and 0.65 with ARMAX method, respectively.

Conclusion
According to the results, the IHACRES model using ARMAX method in the linear section resulted in more
accurate performance than EXPUH method in simulation of peak flow values and time to peak.

Keywords: Calibration, IHACRES Model, Rainfall-Runoff Simulation, Shoor Ghaen River
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2- Jakeman

3- Artificial Neural Networks

4- Soil and Water Assessment Tool

5- Nash-Sutcliffe

6- Root-Mean-Square Error

7- Mean Bias Error
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3- Catchment Wetness Index
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5- Exponential unit hydrograph

6- Least Squares
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Figure 4- Observed and simulated flow by ARMAX method in calibration section
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Figure 5- Observed and simulated flow by ARMAX method in the validation section

SRUES 53 b)) ssleme pubamolome 3le Y Jga>

ARMAX Jb" &9) L’ fu’uw [V 9 W‘S
Table 3- Calculated values of evaluation criteria in
calibration and validation sections by ARMAX linear
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Table 4- Information about peak flow and time to peak flow by ARMAX method in calibration section
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Table 6- Optimal values of parameters with EXPUH linear method
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Table 7- Calculated values of evaluation criteria in calibration and validation sections by EXPUH linear method
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Figure 6- Observed and simulated flow by EXPUH method in calibration section
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VFo) eyl — (52979,8 ) olecs FF als (S g T 4,5 YA

S les o g 03l pol (gilwands Slialine Hlude ) S S
A bl 0ol L5 095 51 e 3 Sas e zol (2 oyl 52
b gy L Jie () bod CiS plg o0 005,55 3)l9e 4
bzl 20 4 ) Oloj lulid o (2risly i > EXPUH
@519%;95@@&}3@@@%0;59):9\/[{&3
a8 (SWOl polide  uiwly Lisu j0 azgl (20 e dpwle
T3 2 e 3 29 2Nk 5 038 (Sl ¢ Slaalia

ol 0365 L 098 3l omiwcons sy

ol (293 5 (o Gl laodls (coyp 5l

4 bgye CledMbl &S 0 olwlid zol (29 dw dlaw (Jdo sy
5 Ply Slaise ) sl (2 4 oty Oboj 5 &l 20 sle
aodog bl ond 0d)0l A g A Joh 3 Cy 4 (e
P a8 oo 45 ) ojlod gl (o sl Jue A S5
@ 4 e Gloj 55 5l Culyl 9o Dguine (Sriwly iy
DA sl GBS L gl > e (i 5l YU s | g
L e plosl (gilwansd o Slalin jlade | oS agb p caSoyie
P a8 oee 45 F ojlad gl (3 0 A Jgir 4 oy
e O loj a1 Jae 290 Cguie (rlwtons (iSu

il Sy » EXPUH 0‘35) Ly 2o Oy Ot"} 9 &9 2d 4 byrpe OLeWbI-A Jgua
Table 8- Information about peak flow and time to reach peak flow by EXPUH method in calibration section
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Introduction

Surfactants as surface-active substances with combined hydrophobic and hydrophilic properties are widely
used in various fields. In soil remediation processes these substances can be used to increase the availability of
organic and inorganic contaminants to improve microbial decomposition of organic pollutants or heavy metals
adsorption. In recent years, researchers have been seeking to produce and use surfactants that are more
environment friendly. In this regard, produced biosurfactants by microorganisms are of special importance due
to their environmental benefits. Microorganisms produce a wide range of biosurfactants. Biosurfactants are
extracellular compounds that can combine with metals such as zinc, copper, and cadmium and can increase the
solubility of these metals and reduce their toxicity. Negatively charged anionic biosurfactants such as
rhamnolipids and lipopeptides can increase heavy metals availability by combining to metals and changing the
properties of soil solution. In this study, the effect of surfactant application from Pseudomonas putida and
Bacillus subtilis and some chelators include sodium citrate, humic acid and Na,-EDTA on soluble cadmium in a
contaminated calcareous soil was investigated.

Materials and Methods

This study was conducted as factorial in a completely randomized design in laboratory conditions at several
steps separately. A calcareous soil sample was contaminated with 15 mg kg cadmium from the source of Cd
(NO3),. Contaminated soil incubated for 4 weeks at field capacity. Acid deposition method was used for
surfactant extraction from culture medium of Pseudomonas putida KT-2440 and Bacillus subtilis 1795. The
structure of extracted biosurfactants was investigated by FTIR. Equilibrium time was obtained by determining
the amount of soluble cadmium at times 6, 12, 24, 36, 72 hours by adding 1mM sodium citrate, humic acid and
Naz-EDTA to the contaminated soil (ratio of 1 to 5 soil to solution).

The concentrations of 0, 0.1, 0.25, 0.5, 1 and 2 mM of humic acid, sodium citrate and Na,-EDTA were used
to determine the appropriate concentration of each chelator. To investigate the interaction of chelators and
biosurfactants on soluble cadmium, an experimental was conducted as a completely randomized design with
factorial arrangement design. Experimental treatments consisted of three types of chelating agents (sodium
citrate, humic acid, Na;-EDTA and control), two types of surfactants from Pseudomonas putida and Bacillus
subtilis, and five concentration levels of the biosurfactants (0, 25, 50, 100 mg L™?).

Results and Discussion
The highest amount of soluble cadmium (11.59 mg L) was observed in Na,-EDTA treatment at 72 hours,
which was significant compared to the other treatments. The lowest amount of soluble cadmium was obtained
through application of sodium citrate (0.205 mg L?) at 36 hours. In all studied concentrations, Na,-EDTA had
the greatest effect and sodium citrate had the least effect on soluble cadmium. While the use of Na,-EDTA at all
concentrations caused a significant increase in soluble cadmium, sodium citrate had no significant effect on
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soluble cadmium at studied concentrations. Humic acid at concentrations higher than 0.5 mM significantly
increased the soluble cadmium. Increasing the concentration of humic acid and citrate from 1 to 2 mM did not
show any significant impact on soluble cadmium. At all levels of biosurfactant application, Na,-EDTA and
humic acid caused a significant increase in soluble cadmium concentration. In control and sodium citrate
treatments, application of biosurfactants did not cause significant difference in the concentration of soluble
cadmium. The highest amount of soluble cadmium was obtained as a result of the application of Bacillus subtilis
surfactant and Naz-EDTA. However, increasing the concentration of Bacillus subtilis surfactant from 25 to 100
mg L had no significant effect on increasing the efficiency of Na,-EDTA. Pseudomonas putida surfactant had
no significant effect on soluble cadmium in Na;-EDTA application. While in humic acid treatment, the
application of the Pseudomonas putida surfactant at the highest concentration (100 mg L%) increased the
concentration of soluble cadmium. Using Bacillus subtilis surfactant did not have effect on soluble cadmium in
application of humic acid.

Conclusion

Among the studied chelators (sodium citrate, humic acid and Na,-EDTA), Na,-EDTA had the greatest effect
on soluble cadmium. While sodium citrate had no significant effect on soluble cadmium. Surfactants from
Pseudomonas putida and Bacillus subtilis had different effects on increasing the efficiency of studied chelators
and soluble cadmium in the studied soil. In Na,-EDTA and humic acid application, surfactant from Bacillus
subtilis at a concentration of 25 mg L and surfactant produced by Pseudomonas putida at a concentration of
100 mg L™ had a significant effect on soluble cadmium, respectively. It seems using biosurfactants and chelators
on increasing soluble cadmium in soil can be useful for phytoremediation purposes to increase its uptake by
plant. However, further research is needed.

Keywords: Bacillus subtilis, Bioremediation, Cadmium, Pseudomonas putid, Soil pollution
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Figure 3- Interaction effect of time and type of chelator on the concentration of soluble cadmium (soil / solution ratio: 1:5,
chelator concentration: 1 mM)
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Introduction

Industrial development has resulted in higher soils pollution with heavy metals. Plants which are subjected to
heavy metals may severely lose their yield capabilities. Applying improving compounds in the soil is a new
method to reduce effects of heavy metals on plants growth. Biochar as a carbon rich source and salicylic acid as
an important plant hormone, are two main compounds to alleviate heavy metals stresses in plants. These are the
cost-effective and environmentally friendly substances for increasing the resistance of plants. Lead (Pb), as a
common and extremely poisonous element in polluted soils, can be accumulated due to its non-biodegradability
nature. When Pb content in plants reaches a toxic level, it can inhibit plant growth by reducing enzyme activities
and photosynthesis and changing mineral nutrients balance. However, with regard to the program of expanding
the area under cultivation of medicinal plants, including thyme, there is a possibility of contamination of soils in
the vicinity of industrial centers and roads with lead. Therefore, the present study was conducted to evaluate the
effects of salicylic acid as a plant growth stimulant and biochar made of rapeseed wastes, as a stable organic
compound, on alleviation of Pb-induced stress in thyme (Thymus vulgaris L.).

Materials and Methods

In order to investigate the effects of salicylic acid (SA) and biochar (BC) on reducing Pb stress in thyme
(Thymus vulgaris L.), a factorial experiment was conducted based on a completely randomized design with three
replications in the greenhouse of Razi University. The factors included Pb at three levels (0, 150, and 300 mg/kg
as Pb(NQ3)2), SA at three levels (0, 150, and 300 uM) and BC at three levels (0, 1 and 3% by weight). To apply
the Pb treatments, the soil samples of each pot (8 kg) were sprayed with Pb(NOs3), solutions, 4 weeks before
planting, according to the contamination levels. Then, BC treatments were performed by mixing it with the soil
samples. In each pot, four thyme seedlings were planted. At four-leaf stage, SA solutions were sprayed three
times on foliage of the thyme plants , until the beginning of flowering. After harvesting, some characteristics of

aerial and root parts of thyme, including soluble sugars and proline contents, plant height, dry weights of shoots
and roots, root volume and root length were determined. All plant parameters were then averaged for each pot.
Also, Pb concentrations in extracts obtained from digestion of leaf tissues, were measured by Varian AA220
atomic absorption spectrophotometer. The analysis of variance (ANOVA) and comparison of means (Duncan's
multiple range test) were performed using SPSS-16 software.

Results and Discussion
The results revealed that Pb stress reduced all plant characteristics, such as plant height, root volume and root
length, as well as, dry weights of shoots and roots, and elevated leaf Pb concentration, proline content and
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soluble sugars in thyme. However, BC application resulted in improvements in growth parameters. The positive
effect of BC was further enhanced when SA was sprayed onto the foliage of the thyme plants. The interaction
effects of SA, BC and Pb treatments on the growth parameters of thyme, i.e, shoot dry weight, root volume, Pb
concentration, soluble sugars and proline contents were significant (P < 0.01). In other words, SA and BC
treatments moderated the negative effects of Pb on the growth traits. The highest Pb concentration (4.83 mg) and
proline content (37.8 pmol/g) were obtained in 300 pg/kg of Pb, and SA and BC controls. Also, the highest
concentration of soluble sugars (0.46 mg/kg) was found at 300 mg/kg of Pb, 300 pM SA and BC control.

Conclusion
Our results indicated the positive effects of SA and BC treatments on the growth parameters, such as; shoot
and root dry weights in thyme plants, especially under Pb stress. In other words, Pb stress, while reducing all
growth characteristics, increased proline content and soluble sugars in thyme. In general, it seems that under Pb
stress, treatment of thyme with SA (as a plant growth regulator) and BC (as an organic matter with high viability
in the soil) is a simple and appropriate method in order to increase the plant's resistance and reduce the effects of
Pb toxicity on the overall growth of thyme.

Keywords: Growth characteristics, Heavy metals, Soil improving compounds
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Table 3- Analysis of variance for effects of salisilic acid (SA), Pb, and biochar (BC) on characteristics of aerial parts of thyme
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Figure 1- Mean comparisons of interaction effect of Pb, biochar (BC) and salisilic acid (SA) on prolin content in thyme
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Table 4- Analysis of variance for effects of salisilic acid (SA), biochar (BC) and Pb stress on root characteristics of thyme
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Table 5- Mean comparisons of interaction effects of salicylic acid (SA), biochar (BC) and Pb stress on characteristics of
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Introduction

Almond (Prunusdulcis Mill.), native to West Asia to the Mediterranean. Iran after the United States and
Spain has been ranked third among this plant production across the world. Drought stress is one of the most
important factors limiting the yield and production of agricultural products. Many morphological, physiological,
enzymatic, nutritional, quantitative and qualitative characteristics of almonds can be impaired by drought stress.
There are a lot of micro-organisms in soil which can help the plant nutrition and uptake of nutrient elements
through different ways and can be mentioned by the dual symbiotic relation between micro-organism and plant.
Mycorrhizae fungi are one of these microorganisms. The most important beneficial effects of mycorrhizal
symbiosis is increasing the nutrient uptake, leaf gas exchange, photosynthesis, water use efficiency, productivity,
improve plant nutrition and resistance to environmental stresses. It also helps the plant to absorb more water and
nutrients by modification of rhizosphere environment, improvement of soil structure through formation of stable
aggregates, expansion of external filaments and change of root morphology. The results of mycorrhizae
symbiosis research in different plants show that the higher uptake of nitrogen (N), phosphorus (P), potassium
(K), iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn). The aim of this study was to evaluate the ability of
mycorrhizal fungi, a symbiotic and environmentally friendly agent, under drought stress condition on increasing
growth and absorption of water and nutrients on almond rootstocks commonly consumed in Chaharmahal-va-
Bakhtiari province.

Material and Methods

This field experiment was carried out as a factorial based on a randomized complete block design (RCBD)
with three replications. The treatments consist of two level of mycorrhizal fungus (Mo: without and M; with
using of mycorrhizal fungus), four kinds of rootstock (bitter, local Shorab 2, GF and GN) and four levels of
drought stress (without stress as a control, slight, moderate and severe water stress which based on ratio of
depletion of plant available water). Inoculation of mycorrhizal fungi at the rate of 100 g of a mixture of three
species of mycorrhizal fungi (Clariodeoglumus etunicatum, Rhizophagus intraradices and Funneliformiss
mosseae) was placed under the roots for each rootstock with a population of at least 100 active fungal organs
including spores, vesicles, and hyphae per gram. The plants were exposed to drought stress for six weeks. Leaf
samples were taken to measure the amount of nutrient elements. Nitrogen by Kjeldahl method, P by
spectrophotometer, K by flame method with flame photometer and nutrients of iron, zinc, manganese, boron and
copper were measured by atomic absorption spectrophotometry with an atomic absorption spectrometer
(PerkinEImer Analyst 400, Waltham, United States of America). Statistical analysis was done with SAS 9.3
statistical software. Duncan’s multiple range test was used to separate means.

Results and Discussion
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The results revealed that there were significant differences between four cultivars in terms of nutrient
concentrations except B. The maximum amounts of the studied characteristics were obtained from GF rootstock.
The GN rootstock was in the second ranking. Water deficient treatment showed a significant effect on the
examined nutrient elements except Mn and Cu concentrations. The maximum amounts of measured nutrient
elements, except K, were obtained from I; treatment. The highest rate of K was obtained from Is and I4
treatments. With increasing drought stress the decreasing trend of nutrient elements, except K was observed.
Mycorrhizae fungi treatment increased nutrient elements except B. The maximum amounts of N, P, Fe and Zn
were obtained from GF +l1. Using of mycorrhizae fungi in drought treatments caused significant increase in N,
K, Fe, Mn and B. The maximum amount of nutrients was obtained from GF + M; treatment. The maximum
amounts of N, Fe and B were obtained from I; + M; + GN. Inoculation of mycorrhizae fungi caused higher
rootstock growth under drought stress. The change in the shape, volume and number of root branches of the root
caused by the consumption of mycorrhizae fungi was due to increased nutrient uptake and changes in the amount
of plant hormones such as auxin. Growth and absorption of water and nutrients decreased under water deficient
stress. Therefore, the effect of symbiosis with mycorrhizae fungi under water deficient stress conditions was
more important than non-stress conditions. This has been reported in the research of various researchers.

Conclusion

The results of this study showed that with increasing water deficient stress, the amount of nutrient elements
decreased except K. The importance of GF rootstock to mycorrhizae fungi inoculation was higher due to higher
growth potential and root velocity. Nutrients that were measured in inoculated rootstocks were higher than those
without inoculation. Under drought stress conditions, the amount of nutrients measured was higher in inoculated
rootstocks. Inoculation of mycorrhizal fungi can lead to increase nutrients absorption with some mechanisms
such as effective increase in root uptake, root length, number of lateral roots, proton production, and secretion of
organic acids, siderophores, chelating compounds, and acid phosphates. Consumption of mycorrhizae fungi
increased nutrient uptake and improved almond rootstock resistance to drought stress.

Keywords: Almond (Prunus amygdalus), GF rootstock, Nitrogen, Phosphorus, Zinc
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Table 1- Soil chemical and physical characteristics of the research site
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PWP

PWP FC Silt Sand Clay TNV 0oC N Cu Mn Zn Fe K P EC

(%) (mg kg!) (ds m™)

156 335 20 54 26 24.5 092 0.07 09 89 058 41 311 6 738 0.88
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1- Time Domain Reflectometry (TDR)
2- Pressure plate
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Table 2- Anova table for the effects of rootstock, drought stress and mycorrhizae fungi on nutrient elements

ol

Ol s @lio ) 2 o Fe E9) paoly S 039
S.0vV &l
Degree
of B Cu Mn Zn Fe K P N
freedo
m
(Rootstock) 4\, 3 1473**  410**  357*  628** 1113**  0.5** 0.01** 1.3**
(Irrigation) ¢ Ll 3 Vo 64" 66™ 63** 56** 0.36**  0.009** 0.5**
(Mycorrhizae)!j )¢S 1 £,yns 520**  492*  900**  950**  0.26** 0.01** 0.3**
(Rootstock x Irrigation)«,LX ,Ll 3 YY,0%% 32.5m 64 21* 32%* 0.07**  0.0004**  0.3**
(Rootstock x Mycorrhizae) «LXl5,,s5.0 3 18** 35** 191 17.5™ 21.6* 0.15** 0.0006" 0.1*
(Irrigation x Mycorrhizae) WX !5 )50 3 42.8** 145™  352*  10.6™  25.3** 0.03* .0003"0 0.09*
(RootstockxIrrigationxMycorrhizae) a,bX ¢, LiX 15, )¢S 9 26.3** 32m 57 10m 22.3** 0.04* 0.0008™  0.09*
(Error) s 62 1.8 4.3 95 7.5 3.7 0.01 0.0001 0.02
(Total) Js 95
(C.V) Clyss cups 3.1 45 14 10 3 8.5 5.8 5.6

o>V g0 ghaw 3 x5 lgne b a4

#% % NS

99

", * and **: Non significant and significant P <0.05 and P < 0.01 respectively.
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Table 3- Mean comparison of simple effects of rootstock, drought stress and mycorrhizae fungi on nutrient elements
concentration

b $1g o Foe Zn) o, o2l el B 0395
Foottack (8) (Cu) (Mn) (Fe) (K) (P) (N)
ootstoc (g kg 5 sk 52 0.5 o (%6) 03
GF 47.92 32.32 69.82 322 722 1.532 0.262 3.12
GN 31.92 29.7° 69.52 31.82 712 1.52 0.23v 32
Shorab2 47.52 23.2°¢ 63.4° 240 60.3° 1.3° 0.2¢ 2.740
Talkh 31.9° 214°¢ 62.7° 22.3b 59.8° 1.22¢ 0.2° 2.57¢
I 44 52 33.72 68.62 29.32 68.22 1.27° 0.242 2.962
I2 443 31.82 66.22 28.52 66" 1.29° 0.23b 2.91@
I3 43.4b¢ 28.42 65.82 26.3° 65.2bc 1.482 0.22¢ 2.84b
l4 43¢ 26.32 64.72 265 64.7¢ 1.52 0.194 2.67¢
M1 43.92 35.52 68.62 30.62 69.22 1.442 0.232 292
Mo 43.42 31.3° 64.2°b 24.5b 62.9° 1.33° 0.21b 2.78°P

ol Sl (lasoly six y90j] 2o yd O paws 43 I xe IS pias ok Ui Caond y1 g gy alie g

Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.
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Table 4- Mean comparison of the significant interaction effect of rootstock and drought stress on nutrient elements
concentration

. . ST $95 o2 ) s O
@
- o (B) (zn) (Fe) (K) (P) (N)
Rootstock Stress N —
(Mg Kg™) e Soks ;3 05 o (%) 203
11 49.8? 34,52 7452 1.41 0.282 3.342
12 46.72 328 722 1.47b¢ 0.27% 2.68¢f
GF
13 46.6° 28.5P 68.5° 1.48bc 0.260¢ 3.10abcd
14 48.72 332 732 1.752 0.23¢f 3.18%®
11 492 32.28 72.28 1,3¢defg 0.25¢ 3.18®
GN 12 46.42 34.28 74.28 1,340def 0.24cde 3.142¢
13 46.22 33.18 73.18 1.642 0.23¢f 2.840ef
14 47.92 2.20 68.2° 1.682 0.19hi 2.80¢f
11 48.42 26.2bc 64.2¢ 1.15 0.23¢% 2.94bcde
12 49.6° 25,65 60.8¢de 1.220efg 0.21f 2.88cdef
Shorab2 )
13 46.12 21.6° 58.2¢f 1.38cde 0.19N 2.72¢f
14 46.12 22.3¢% 58.3¢f 1.44b¢ 0.18 2.43h
11 30.6° 24 5eed 62¢d 1.12¢f9 0.22¢f 2.63fn
12 33.3bc 22.3¢« 57.3f 1.209 0.19hi 2.92abe
Talkh )
13 34,50 21.8° G1cde 1.32¢ 0.2 2.450def
14 29.3¢ 30.8° 59, 5def 1.429 0.18 2.26!

ol 5SSl (glasels din 90l 2o yd O paws ;3 Yl me MBS pue s Ui gtw ya p> lie g y>
Means in an each column by a different letter are significantly different (P < 0.05) by Duncan’s Multiple range test.

e polie o5 2 1525950 )83 4l o gne Jlite 51 eSile dumnliio -0 Joao
Table 5- Mean comparison of the significant interaction effect of rootstock and Mycorrhizae fungi on nutrient elements
concentration

b 15155500 By (€0 g (Fo) o ) ool () o
Rootstock Mycorrhizae (mg Kg) 0,55LS 13 0,5 Juo (%) 2oy

GE M1 48.52 36.32 76.42 1.632 3.132
Mo 48.4b 31.4¢ 67.7¢ 1.44° 3.07%

GN M1 46.8¢ 34.7° 74.5° 1.622 3.08
Mo 48° 30.3¢ 69.3° 1.35% 2.85%
M1 47.5¢ 31.2¢ 6251 1.25¢ 2.75%

Shorab2
Mo 46.6f 28.6¢ 58.29 1.24% 2.73b¢
M1 32.949 30.6° 63.4¢ 1.25% 2.660¢
Talkh

Mo 30.95" 27.5° 56.5" 1.2¢ 2.48¢

sl Sl (laiald win yg05l Ao yd B o 3 I gxe BB pae odimd LS gt b 4D dlie gy
Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.
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Table 6- Mean comparison of the significant interaction effect of drought stress and Mycorrhizae
fungi on nutrient elements concentration

! sty (K)

S5t (Mn) (Fo) oi O
Stress Mycorrhizae (g Kg) 0,55k 13 0,5 oo (Yo) o >
1 M1 44,13 712 71.82 1.3« 3
Mo 44.8® 70.22 64.6° 1.24¢ 2.92%
2 M1 462 70.92 97.8° 1.40% 2.90%
Mo 42° 61.5% 64.5¢ 1.19¢ 2.93%
i3 M1 43,8%c 65.5%¢ 68.5° 1.50% 2.94%
Mo 42.9¢ 66.230¢ 62d® 1.47% 2.73%
" M1 41.8° 67.1% 68.7° 1.572 2.78%%¢
Mo 44 3¢ 58.4¢ 60.8° 1.433%¢ 2.55°

ol Sl (lasald dim 903l Juoyd O o 53 I xe MBI pus oaimd LS e Hb 5 lie gy

Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's

Multiple range test.
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Introduction

The type of management operations and land use systems are the key parameters affecting the soil quality
and sustainable land use. The exploitation systems by efficient use of soil and water recourse can decrease
productions costs and increase the yield as well as conserve the natural resources. However, farmers and
stakeholders need to be aware that through their management practices, they affect soil quality and, with the
short-term goal of production and greater profitability, lead to soil degradation. They can both use the land
economically and improve and maintain soil quality by balancing production inputs and refining their
management approaches. There are different management systems of productivity in agricultural lands in
Neyshabour plain in northeastern Iran. In addition to the water and soil limitations in the study area, the
prevalence of the smallholder system and the unwillingness of farmers to integrate smallholder, has further
increased the destruction of soils in the study area. The objective of this study was to assess the changes in soil
quality index in surface soil and profile (0-100 cm) and calculate the correlation between soil quality index and
alfalfa and rapeseed yield in rangeland and agricultural areas managed by smallholders, total owners, and
Binalood Company in the study area.

Materials and Methods

A total of 21 soil profiles were described in the total owner, smallholder and Binalood company
management system and sampled from the alfalfa and rapeseed lands. Questionnaires were prepared with the
help of farmers and experts in the study area based on Analytic Hierarchical analysis (AHP) method. The
physical and chemical characteristics of the soil samples were determined. The important soil characteristics
affecting plant growth were determined by interviewing farmers and experts study area. Soil quality index in the
minimum data set (MDS) was calculated by two methods of principal component analysis (PCA) and expert
opinion (EO), by additive and weighted methods in surface soil and profile. To achieve a single value for each
soil properties in the soil profile, two methods of weighted mean and weighted factor were used. To evaluate the
accuracy of the assessment, the correlation between soil quality index and alfalfa and rapeseed yield was
investigated of the various management system.

Result and Discussion
The results showed that the highest additive and weighted soil quality index at both surface and soil profile in
both PCA and EO methods were in rangeland. It was due to lack of cultivation and maintaining organic matter
comparing to agricultural land. The total owner management system due to its economic power and the use of
appropriate and scientific methods comparing to smallholder management system, showed the highest additive
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and weighted soil quality index. In all management system, the EO-calculated weight index by weighted factor
method had the highest value due to assigning the suitable weight for soil characteristics. The correlation
analyses soil quality indices with canola and alfalfa indicated that the EO soil quality calculated by weighted
factor for the soil profile were more correlated than surface soil in total owner system and the Binalood
company. Weight coefficient method due to the application of different weights to each layer based on their
importance, showed a higher soil quality index in both EO and PCA sets than the weighted average method. The
reason for better EO performance probably is that the PCA is a reducing the dimensions, meanwhile, the
minimum data selection in the EO method is based on regional experts which are familiar with cause-and-effect
relationship of the soil properties. Due to the relatively good correlation of the yield of the studied products, with
the soil quality index, an appropriate management needs to maintain and improve soil quality, especially in the
smallholder system, as well as meeting the nutritional needs of these products.

Conclusion

Soil quality assessment in this study indicated that calculation of the soil quality index only considering the
surface soil properties may not provide complete information for the farmers and land managers. Then inclusion
of both surface and profile soil properties with farmers' knowledge and study area experts are essential for
sustainable soil management. On the other hand, the differences in the management system also affected the soil
quality index. Although the smallholder management system due to low input, especially chemical fertilizers,
water and agricultural implements, had a high potential concerning environmental issues, but in terms of
production, total owner and Binalood company management systems because of their high economic strength
had the higher soil quality index. The farmers and stakeholders of the total owner management systems should
be considered despite the proper management, however due to high inputs of fertilizer and water, especially in
the Binalood company, the production may not be sustainable. Therefore, for further studies, calculating the
water consumption in the desired management systems is recommended.

Keywords: Crop yield, Expert opinion, Management system, Principal component analysis, Soil quality
index
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Table 1- Descriptive statistics of the soil properties in the study area

SB b Sis daw ESB
Soil properties Surface Soil profile
USJLA o Bl Aeld Oyl o > USJL.A o Bl 63940 Olyo® o b
Mean  Std.dev Range CV (%) Mean  Std.dev Range CV (%)
o 4.2 5.1-13 53 8.1 5.3 8.2-13.60 37
Na (meq/l)
S eolsn eudss
Sl el 4.2 6.4 3-9.28 69 4.4 11 33-76 24
EC(dS/m)
IS oo 31 5 20-40 50 23 3 10-35 8
N (mg/kg)
it JI6 piud 9 55 3-15 51 6 2.17 2-105 27
P (mg/kg)
Sl JE el g 550 70-280 56 70 533 50-225 34
K (mg/kg)
e 2270 73 11-38 58 2184 580 13-38 26
Silt (%)
o 68 7.9 50-82 67 58.15  11.75 34-78 20
Sand (%)
o 9.5 6.4 2-25 53 18.96 9.4 7-45 44
Clay (%)
o o 0.30 5.1 0.30-0.37 58 0.18 4.8 0.18 0.28 31
OC (%)
Plas S Sl 06 2.50 12-22 14 15.87 23 13-21 14
CCE (%)
e e Sl Sl 170  0.2-5.40 51 2.82 165  1.15-6.20 42
SAR
el 7.80 0.12 7.50 - 8 9 7.7 0.36 6.7-8.4 4

pH
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Table 2- Mean values properties of the representative soil profiles in different management systems

hw fSrls
Surface Soil profile
Jan ol P10 P13 P12 P2 P10 P13 P12 P2
Soil profile No.
. ! o oyl
e dlabo iy o) Soos s S otac Wl 2l )y Sood > S otas s3llin
Management Binalood =
Range land Smallholder total owner Range land Stallholder total owner Binalood
system company Inaloo
company
o2k 11 5.65 54 6.1 7.6 6.40 54 6
Na (meq /1)
S b Al 9.3 4.55 41 3.6 4.7 43 4.13 33
EC (dS/ m)
055 13 21 28 36 13 16 20 30
N (mg/ kg)
- 2 4 12 10 5 6 7 8
P (mg/ kg)
- 63 66 215 230 60 67 180 178
K (mg/ kg)
S 10 8 13 18 12 12 10 12
Silt (%)
o 30 34 40 68 40 38 44 53
Sand (%)
o 60 58 47 14 48 50 46 35
Clay (%)
o of 0.37 0.30 0.36 0.36 0.28 0.18 0.20 0.20
OC (%)
Jolee S S8 21.25 18.5 16.8 15 16.30 155 14.30 16.40
CCE (%)
s 5.45 1.8 1.65 0.9 0.5 0.30 0.20 0.2
SAR
pH 8 7.9 7.7 7.7 7.7 7.65 7.75 7.7

S obesl ealy JBlas lgiedy s 0359 Jlp 08,5 sl
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Table 3- Results of four principal component analysis of the surface soil properties affecting soil quality

Jolalge g allie g alie o)l adlie

Principal components

PC1 PC2 PC3 PC4

ks B 4.067 2.756 1.587 1.222
Eigen value

o=y 33.88 22.96 13.22 10.18
% Variance
.

w2 o)l 33.88 56.85 70.07 80.26

% Cumulative variance
Factor loadings (Rotated component matrix)

o2

? 0.607  -0.689 0.185 0.192
Na (meg/L)
S el Sl 0878  -0.388 -0.104 0.063
EC (dS/ m)
b 01779 0.131 0571 -0.056
Silt (%)
o -0.870  -0.251 -0.005 0.363
Sand (%)
i 0.216 0.189 0.782 -0.456
Clay (%) =
039 0.050 0.762 0.100 0.354
N(mg/ kg)
reb 0.619 0.125 0.197 -0.399
K (mg/ kg)
P 0452 0567 0.398 0.116
P (mg /kg)
o oske 0414 0769 0.106 0.070
OC (%) =
Pl S S 0.779 0.250 0.137 0.208
CCE (%)
ke (o ol Cod 0209  -0.623 0.603 0.316
SAR
pH 0.505 0.235 0.120 0.627

Slors Gl MDS lgieds ol o 0aptS s bl 45 a8 (5555 dlael
Underlined bold values were selected for MDS.

Jol alge Jlear sl 039 e b (2 Balie g1y (Shumod ol pd (o le -F Jgaa
Table 4- Correlations matrix (Pearson) for the highly weighted variables under the first four component

Parameter EC Sand Clay N pH oC
EC 1
Sand -0.56x 1
Clay -0.02 -0.45" 1
N 0.31 -0.62" 0.32 1
pH 0.20 -0.28 0.08 0.15 1
oC 0.10 -0.51" 0.24 0.64 0.39 1

e o LS |y doyd SO Jlein] pdaw ) (S alaly 39y I3 Gixe ¥
« Correlation is significant at the 0.01 probability level.
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Table 5- Results of five principal component analysis of the soil profile properties (weight factor) affecting soil quality

Jolallae  egdadlie  pgw dllie  o,lka Alie o2y allde

Principal components PC1 PC2 PC3 PC4 PC5
ek o 3.66 2.29 177 1.23 113
Eigen value
L,
0 “‘”L‘.‘” 30.55 19.100 14.79 10.24 9.43
Y% Variance
o oy 3055 4965 64.43 74.69 84.12
%Cumulative variance
Factor loadings (Rotated component matrix)
o 0.830 0.201 -0.296 0.256 -0.180
Na (meg/ )
Sl colie el
0.555 0.492 -0. . .
EC (dS /m) 392 0.037 0.254
o
j 0.8 -0.121 162 -0.22 -0.
Silt (%) 08 0 0.16 0.226 0.053
o8
-0.656 : -0. . -0.
Sand (%) 0.680 0.135 0.081 0.096
(59
0.239 -0.842 -0.022 0.044 1
Clay (%) - 0.133
0I5
0.444 0.344 0.555 0.2 -
N(mg/ kg) 86 0399
o
: 0.626 A1 2 -0.4 -0.
K (mg /kg) 0.110 0.205 0.485 0.464
s
-0.344 0.684 0.1 . .
P (mg/ ko) 27 0.132 0.497
IR
124 22 . -0. -0.
oC (%) 0 0.225 0.892 0.107 0.208
Jolbeo s S
0.546 0.148 0.259 . .
CCE (%) 0.285 0.427
e (aw e Cund ) )
SAR 0.688 0.220 0.448 0.293 0.236
pH -0.121 -0.381 0.243 0.768 0.318

Sloas Ol MDS lgicas ol o 008 b bl ;48 (S5, dlael
Bold face factor loadings were considered highly weighted and underlined were retained in MDS.
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Table 6- Correlation matrix for the highly weighted variables under the first 5 components

Parameter Na Silt Clay K P oC pH

Na 1

Silt 0.60%x 1
Clay 0.03 0.18 1

K 0.23 0.61* 0.08 1

P -0.21 -0.30 -0.47* 0.05 1
ocC -0.08 0.20 -0.13 0.17 0.10 1
pH -0.09 -0.07 0.29 -0.25 0.11 -0.08 1

W go i |y doyd SO Jlein] pdas ) (S abaly 09y I3 pxe ¥
=Correlation is significant at the 0.01 probability level.

ol Al oz s1p S CubS 2 50 (539 nSIle) 5515 SRy 81 bl Slaailie 4 41529 gl -V Jgas
Table 7- Results of principal component analysis for profile soil quality indicators (weighted average) for the four

component
Principal components Joladlze 9o allge  pgm dilie )i addie

PC1 PC2 PC3 PC4
o3 P 463 2.19 1.41 1.22

Eigen value
oy 3858  18.28 11.80 10.23

% variance
e o)l 3858  56.87 68.67 78.91

% Cumulative variance
Factor loadings (Rotated component matrix)

(o2

0.867  0.278 0.270 -0.046
Na (meg/L)
Sl ealin B 0672  0.333 0.351 -0.055
EC (dS /m)
o 0783 0277 0173 -0.113
Silt (%)
o 0528 0.800 0.038 -0.035
Sand (%)
o) 0.146 -0.821 0.243 0.255
Clay (%)
OJ9r 0558 0049  -0.384 -0.638
N (mg/ kg)
el 0616  -0202  -0.241 -0.441
K (mg /kg)
s 0553 0.398 0.037 0.319
P (mg/ kg)
o oS 0681 0084  -0.339 0.546
0C (%)
Jobee el s 0.659 0.457 -0.291 -0.175
CCE (%)
o law ol Sl 5087 0391 0215 -0.078
SAR
pH 0019  0.044 0.823 0.326

Sloas Ol MDS lgicds ol o 008 b bl pj a8 (S5, dlael
Bold face factor loadings were considered highly weighted and underlined were retained in MDS
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Table 8- Correlations matrix s for the highly weighted variables under the first 4 component

parameter Na Sand Clay N SAR pH
Na 1
Sand -0.27 1
Clay 0.00 080" 1
N 0.38 -0.23 0.05 1
SAR 0.72** 0.34 -0.25 0.08 1
pH 0.13 0.14 0.15 -0.18 0.21 1

VA

a3 e bt |y o ps SO Jlein] o > (Siase daily (392 I3 gixe H*
*x Correlation is significant at the 0.01 probability level.
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Table 9- Soil quality index of the different management units in the MDS

ol ailzo & & 25 eliad 15 5
PCA EO
Sl Sk
Soil profile Soil profile
s s S35 nSle Surface s S S5 ke S“ ]
L Weighted factor Weighted mean Weighted factor Weighted mean urface
T 9 (™S EIT I CNe ST 9 T 9 TP e (P9
managementsysteM A4 wi Add Wi Add Wi Wi Add Wi Add  Add  wi
5 2N
e 058 059 053 056 064 045 103 046 069 058 058 1.01
Range lands
sy 1)
. 0.57 0.56 0.49 0.53 0.49 0.48 0.89 0.56 0.88 0.52 0.52 0.86
Binalood company
S
S 0.59 0.59 0.57 0.61 052 053 1.05 0.58 0.93 0.56 056 0.90
Total owner
&Loa.))i
0.55 0.54 0.48 0.52 0.47 0.47 0.90 0.56 0.90 0.50 050 0.75

Small holder
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Table 10- Correlation between Surface soil quality index and crop yield in the MDS

ools, 5 3 kel 4o 4 4y 55
Jyamo EO PCA
Crop . . .. B
&9 (D &9 (o
Weighted Additive Weighted Additive
29l ey 0.49 0.46 0.17 0.12
Binalood alfalfa
Sloosos iy 0.52 0.50 0.20 0.13
Total owner alfalfa
oo 5 w3y 0.35 0.32 0.14 0.09
Smallholder alfalfa
Pl o 0.75 0.74 0.58 0.58
Bhinalood Rapeseed
oo 13K 0.48 0.45 0.23 0.15
Smallholder Rapeseed
Slooses I35 0.65 0.60 053 0.50

Total owner Rapeseed
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Table 11- Correlation between Profile soil quality index and crop yield in the MDS

oolnd, 5 L kol allge 4 4y 500
EO PCA
Jpae s s S5 ke 39 s 39 Ol
Crop Weighted factor  Weighted mean  Weighted factor  Weighted mean
3] S R TR )] oS Py (e
Wi Add Wi Add Wi Add Wi Add
. 2ol . 0.44 0.40 0.43 0.40 0.44 0.42 0.31 0.27
Binalood alfalfa
Sbosdos gy
0.66 0.65 0.66 0.63 0.56 0.53 0.62 0.60
Total owner alfalfa
Seos 5 2z, 0.63 0.56 0.60 0.50 0.36 0.38 0.34 0.33
Smallholder alfalfa
. kel 0.68 0.65 0.60 0.58 0.50 0.46 0.48 0.43
Binalood Rapeseed
Seosas I3t 0.63 0.62 0.58 0.50 0.51 0.49 0.34 0.33
Total owner Rapeseed
Sheos 2 513 030 029 049 048 034 032 034 022

Smallholder Rapeseed
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Introduction
Soil salinity has a negative effect on physical, chemical and biological properties of soil. Salinity also affects
the relationships between soil and plants, which in turn has a significant effect on plant growth. One of the
solutions used to reduce the effects of salinity and improve the physical properties of the soil is application of
organic and chemical conditioners. Organic matter as well as calcium improve the structure and physical
condition of the soil. Conditioners in saline soils include soluble calcium salts such as gypsum (CaSQO4.2H20),
calcium chloride (CaCl,.2H20) and phosphogypsum (phosphorous gypsum), and acids such as sulfuric acid,
sulfur, pyrite, Aluminum sulfate and sulfur lime (calcium polysulfide). Strategies aimed at evaluating and
ameliorating the structural quality of soils should be developed to ensure the sustainable use of lands. The least
limiting water range (LLWR) attempts to incorporate crop-limiting values of soil strength, aeration, and water
supply to plant roots into one effective parameter (on the basis of soil water content). The LLWR can be a useful
indicator of soil quality and soil physical constraints on crop production. Therefore, the objective of this research
was to study the effects of organic and inorganic conditioners on some structural and hydraulic indices of saline

sodic soils.

Material and Methods

In this study, the effect of two types of organic and chemical conditioners and the simultaneous application of
them on modifying the physical properties of 5 saline soils around the lake of Urmia were investigated.
Treatments included algae, salfit and algae+salfit. The soil samples were transferred to culture boxes (40 x 40 x
40) according to the bulk density of the sampling site. The soil samples were wetted and dried several times.
Conditioners treatments including application of calcium and organic compounds. After reaching the field
capacity, wheat seeds were sown and irrigated with water (electrical conductivity 0.28 dS/m and pH= 7.78). It
should be noted that irrigation was done at intervals of 8 days. Two months after the beginning the experiment,
irrigation was stopped and soil moisture was allowed to reach a permanent wilting point. At this stage,
undisturbed soil samples were prepared from the treated soil of each box and the mean weight-diameter of dry
(MWDyry) and wet (MWDwe) aggregates were measured. Then the values of least limiting water range in two
suctions of 330 and 100 cm and water integral capacity of samples were measured.

Results and Discussion
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According to the initial analysis, all soils used were saline and the amount of calcium carbonate was high in
two soils (number 3 and 5). Soil organic carbon content was also low. The results of salfit analysis also showed
that the dissolved calcium and sulfur content were 8 and 3.9%, respectively. The results showed that soil 1 had
the highest amount of MWDy and soil 5 had the lowest amount of MWDy The highest and lowest aggregate
stability values were obtained in soils 3 and 5, respectively, where soil 5 was very saline soil. The studied soils
differed in terms of soil water relations. The highest amount of LLWR330 was found in soil 5, while the lowest
amount of LLWR100 and IWC parameters was also obtained in same soil. The results of this study showed that
salfit treatment caused the highest increase in aggregate stability (74.9%) LLWR330 (14.5%) and integral water
capacity (26.2%) compared to the control and the highest mean weight-diameter of aggregates in both wet and
dry conditions was obtained in salfit-algae treatment (52.4% and 40.4% increase, respectively). The results of
correlation analysis among the measured parameters showed that the highest correlation was found between
aggregate stability and MWDye:. Among the measured parameters, aggregate stability had the highest correlation
with other parameters and the correlation of this parameter with LLWR330, LLWR100, IWC and MWD et Were
0.36, 55, 75 and 88 %, respectively. Soil water integral capacity also had a significant correlation (p < 0.01) with
LLWR330 (0.84) and MWDy (0.7).

Conclusion
The effect of initial soil properties on studied parameters was significant and the use of conditioners
improved studied parameters, and use of conditioners increased indices structural and hydraulic of saline soils. In
general, the results of this study showed the positive effect of conditioners on physical properties of the studied
soils, in which salfit and salfit-algae have a better effect on studied parameter, and they could be useful to
improve soil physical condition. It seems that the application of different rates of conditioners as well as their
interaction with each other should be considered according to the basic properties of the soil.

Keywords: Algae, Dry and wet sieve, Mean weight diameter of aggregates, Salfit
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Table 1- Results of initial analysis of studied soils
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Sk gl <39 ol pH  (w2)  (we)) (3u03) C;Icium (32,3) Soil
Soil Bulk Saturation S Sand Clay o (%) carbonate Organic texture
type density percent EC (dSm?) (%) (%) equivalent (%) carbon (%)
VSE g 5.7 4.29 785 62 8 30 45 051 Sandy
Soil 1 loam
Vb g 56 531 795 15 31 54 75 0.88 Silty clay
Soil 2 loam
TSE 58.2 452 783 17 40 43 305 0.72 Silty clay
Soil 3 loam
Teb 63 49 8.45 7.26 74 10 16 7.25 0.18 Sandy
Soil 4 loam
go‘?g 156 57.8 24 848 25 18 57 145 0.04 Silt loam
|
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Table 2 -Results of comparison of mean of modifier simple effect on measured parameters

0uiS ol IwcC LLWR330 AS
Conditioner (cm*.cm?®)  (cm.cm?®) (%) MWDa(mm) - MWDw (mm)
SA;JfLitj 0.202 0.17° 21.81° 2.50° 0.482
%ﬂ’m” 0.20? 0.18? 18.50° 2.692 0.502
Salfid+algae
;T'J? 0.20? 0.16% 19.97° 2.29¢ 0.44°
gae
Cmt‘z | 0.16° 0.15¢ 12.47¢ 1.91¢ 0.33¢
ontro
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In each column, treatments with at least one similar letter are not significant.
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Table 3- Comparison results of the soil type simple mean effect on measured parameters

SBgg  IWC

LLWR100 LLWR330
Soil type  (cm’.cm®)  (cm.cm®)  (cm®.cm®)

AS (%) MWDd (mm) MWDy (mm)

Y Sk

: 0.234° 0,220 0.167
Soil 1
ke 0.225b 0.2443 0.175a
Soil 2
vt 0.266° 0.235% 0.163¢
Soil 3
ke 0.229 0.211° 0.141
Soil 4
bt 0° 0.0182¢ 0.185¢8
Soil 5

25.058° 1.949¢ 0.6832
11.475¢ 3.2242 0.391°
34.508° 2.616° 0.665?
15.150¢ 1.558¢ 0.285¢
4.733¢ 2.394°¢ 0.191¢
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In each column, treatments with at least one similar letter are not significant.
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Figure 1- Results of comparison of means for interaction effect of soil type and conditioner on MWD
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Figure 2- Results of comparison of means for interaction effect of soil type and conditioner on MWDy
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Figure 3- Results of comparison of means for interaction effect of soil type and conditioner on aggregate stability
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Figure 4- Results of comparison of means for interaction effect of soil type and conditioner on LLWR330
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Figure 5- Results of comparison of means for interaction effect of soil type and conditioner on IWC
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Table 4- Correlation results of studied parameters

LLWR330 LLWR100 IWC MWDw MDW4 AS
LLWR330 1
LLWR100 -0.03™ 1
IWC -0.15"™ 0.84™ 1
MWDw -0.17m 0.17m 0.70™ 1
MDWq4 0.41m™ 0.17m 0.04™  0.23™ 1
AS -0.36™ 0.55™ 0.75™ 0.88™ 0.06™ 1
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Introduction

Agricultural products frost in spring imposes heavy financial losses to agriculture particularly in northwest
of Iran’s orchards. Not only temperature is one of the most important climate parameters but also it is a very
crucial element in the agricultural sector. Untimely temperature fluctuations and rise and fall which are usually
unexpected will cause shock and heavy damages. Therefore taking into consideration the agricultural products
frost and offering an approach would be of great importance for reducing relevant damages. In studies carried
out by Omidvar and Dehghan Banadoki (2012) and Hesari et al. (2015) characteristics and different types of
frosts have been considered in relation to the agricultural products. Different models were introduced to predict
flowering date in different investigated regions. In more studies, in addition to determining the best model for
predicting the date of occurance of flowering stage, probable date of last frost has been estimated as well.
Investigating long term temperature changes is a method which applied by Martinez-Lischer (2017) and Vitasse
et al. (2018) to find out about established changes in flowering date and also changes in the last frost date. Nasr
Esfahani and Yazdanpanah (2019) realized that 48-hour early warning for frost occurrence can be performed
with adequate precision. Despite all studies in the field of products frost particularly during flowering date, it
seems a rapid frost warning system must be established and provided to make early warning for each orchard. In
this essay, since our goal is to make such early warning three days before frosting, so we have to investigate
accuracy and validity of 72-hour minimum temperature simulation using WRF model. On the other hand, we
must know phonological stage of each product in each orchard to inform the farmer about frost hazards based on
critical temperature, therefore the second goal of this research is to detect phonological stages through Landsat 7
and Landsat 8 images.

Materials and Methods
In order to achieve the aim of current study, 72-hour minimum temperature simulation through the Weather

Research and Forecasting (WRF) model was investigated and values of vegetation index were derived for a 30
meters pixel at an experimental orchard in Kahriz, West Azerbaijan Province, in 2016-2107. Computational grid
for 2 meters temperature simulation using WRF model contains of three nested grid with horizontal resolution of
27,9 and 3 kilometers. Horizontal resolution of terrain height and land use data is equal to 30 second (about 1
km). The initial and 3-h boundary conditions with 0.5° horizontal resolution from the Global Forecast System
(GFS) were obtained from National Centers for Environmental Information (NCEI). Based on the previous
research KFMYJ physical scheme configuration for WRF model were used in this research. Model's hindcasts at
03:00 UTC hour for each of 51 synoptic weather stations of northwest of Iran in internal computational grid
were interpolated by MATLAB software with interp 3 function using linear method, then the obtained values
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were compared to minimum temperature observed in the stations by using MAE, MSE, RMSE and MSSS
indicators. Phenological statistics, the time of beginning and end of growth stages were obtained from Iran
Meteorological Organization. Besides, 77 Landsat 7 satellite images of ETM+ sensor, and 41 Landsat 8 images
of OLI sensor were downloaded from United States Geological Survey website from March to September 2007-
2016 with a spatial resolution of 30 meters. In this research, atmospheric and radiometric correction were
performed with the FLAASH method on the metadata file in the ENVI software environment and then
vegetation index was calculated using NDVI index.

Results and Discussion
Examining the evaluation indicators of the WRF model, results revealed a significant correlation and
regression model between 2 meters temperature variable from WRF model output and minimum temperature
variable observed in the entire stations for 72-hour simulation. As a result WRF model can be applied in 72-

hour temperature simulation in the area of study. Another finding of this research indicated that in comparison to
the field-recorded data, NDVI values gained from Landsat images properly indicates changes of phenology
stages in the relevant apple orchard. In this study, the indicators used to evaluate the model error showed model
hindcasts are more accurate for 24-hour and then 48-hour simulations than for 72-hour simulation, but the 72-
hour simulation accuracy is not much different from 24-hour and 48-hour simulations. In northwestern Iran,
which is a mountainous region, it is very difficult to simulate airflow in areas with complex topography,
therefore the total correlation coefficient of all stations in all three simulations is in the range of 0.5, and the error
rates of MAE and RMSE, respectively reaches about 2.8 and 3.8 Celsius. According to the second finding of this
research, the NDVI indicator obtained from Landsat 7 and Landsat 8 satellite images can show the progress and
changes in the phenological stages of apple trees.

Conclusion
This study showed the efficiency of the WRF model for 72-hour simulation of the minimum temperature as
well as the potential of Landsat 7 and Landsat 8 images in detecting apple phenological stages in the study area.
Therefore, by using the WRF model for 72-hour minimum temperature simulation and recognizing the
phenological stages from Landsat images, if the temperature in any orchard reaches a critical level in the next 72
hours due to the phenological stage, frost warning can be announced and then frost mitigation should be done by
the farmer.

Keywords: Early warning system, Identification of phenological stages, NDVI, Spring frost, WRF model
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Figure 1- a) Computational grids of WRF model, b) Geographical location of the smallest computational grid, northwest of
Iran, in which hindcast assessment of WRF model carried out. c) Northwest of Iran digital elevation model, d) Location of

synoptic stations were used to assess simulation of WRF model (https://girs.ir).
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Figure 2- On the left: apple experimental orchard of Kahriz, West Azerbaijan Province Agricultural Weather Research
Center. Image source: Google Earth. On the right: geographical location of the apple experimental orchard in Iran‘s map
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Table 1- Selected physical schemes for modeling by WRF
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Table 2- Time of phenological stages of apple orchard of Kahriz Agrometeorological Research Station based on field data

JL 59,
Jle Date of year (DOY)
Year Wlgr S8 Al USS el S dgt0 i Bgt0 (e
Bud formation Blossoming Flowering Fruit growing Fruit ripening
2007 95 109 121 135 251
2008 83 90 97 104 236
2009 89 96 103 124 257
2010 69 76 97 118 258
2011 94 103 115 125 259
2012 97 106 115 132 251
2013 69 84 96 104 259
2014 69 90 97 114 254
2015 73 92 100 118 275
2016 82 93 107 121 272
(Mean) ;.55ko 82 94 105 120 257
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Table 3- Results of indices used in evaluating of WRF model simulations

(Simulation duration) (g;lwamd wae  MAE

MSE RMSE MSSS MBE

(24-hour) aslw Y¥

14319 3.784  0.548 0.909

(48-hour) aiclw FA

14385 3.792  0.554 1.167

(72-hour) aslw VY

14708 3.835 0.558 1.211

all stations
0BS = 2.861 + 0.5457 WRF24

L]

all stations
08S = 2811 + 0.5465 WRF48

all stations
0BS = 3.122 + 0.5216 WRF72
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Figure 3- Equation and regression line diagram of WRF model minimum temperature data hindcast and minimum
temperature data observed in synoptic stations in northwestern Iran in 24, 48 and 72 hour simulations
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Table 4- Model Summary

Model Summary P-Value

R Square

Adjusted R Square  Std. Error of the Estimate

Joo aods Pryladie At pd B e oy 35912 3 yllinsl gUns
wrf 24 0.588? 0.000 0.346 0.345 3.12655
wrf 48 0.599°  0.000 0.359 0.359 3.06821
wrf 72 0.553¢  0.000 0.306 0.305 3.11100

a. Predictors (oS i yiw): (Constant) (cub), wrf 24 b. Predictors (s w jie): (Constant) (<o), wrf 48 c. Predictors (leass i i) -
(Constant) (<o), wrf 72
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Table 5- ANOVA®

Sum of Squares

Model ANOVA Clas o gaaine of Mean Sqtfare F Sig.
owibyly Jlos Jae ... Slaryo (155ke S
S8
Regression WRF 24
oemes5, WRF 24 4954.502 1 4954.502 506.839 0.000®
Residual WRF 24
sailesdly WRF 24 9374.503 959 9.775
Total WRF 24
Js WRF 24 14329.005 960
Regression WRF 48
omrS, WRF 48 5069.033 1 5069.033 538.461 0.000©
Residual WRF 48
sailesdls WRF 48 9037.373 960 9.414
Total WRF 48
JS WRF 48 14106.406 961
Ref’;ejj;fr\',vvgﬁ; 2 4097.111 1 4097.111 423.329 0.000@
Rfif;ilv\\/,vRRFF;; 9291.183 960 9.678
Total WRF 72
J5 WRF 72 13388.294 961

a. Dependent Variable ( Jatue yize): ObServed (sasosnlin) b. Predictors (oS w i) (Constant) (cob), wrf 24 c. Predictors (loass” o jin):

(Constant) (<o), wrf 48 d. Predictors: (Constant) (<ot ), wrf 72

Ocalps Jgaa—F Jgaa
Table 6- Coefficients®

Unstandardized Coefficients

Standardized Coefficients

(00wis 3 libins! ! p)

(0w ylliaw! gl )

Model Coefficients Std. E Sig.
o ol . Error

Jue culpl B 5 a5l Beta t T
&> oo

(Constant)(cub) 2.861 0.227 12.619 0.000
WRE 24 0.546 0.024 0.588 22513 0.000
(Constant) 2.811 0.229 12.270 0.000
WRF438 0.547 0.024 0.599 23.205 0.000
(Constant) 3.122 0.251 12.461 0.000
WREF 72 0.522 0.025 0.553 20.575 0.000

a. Dependent Variable ( Jiu. ). Observed (sisesalis)

sblad g oud atwls’ (Stuser Glise 5l 350 5 g 9 35 )
B il o i o) > &5 535 33550 Yl (sihotind
g IP¥ s (Sumod (i 3 J15 T 15 D 08 SliwnsS and,
2 ey oo wamabo 4o 0 ¥/0 3l o 4 Jae MAE (gllas 50
5 IV YU (SKiied s LaolKiwg] 81 50 ¢ o)l ol
2 oles; ool ) sl wgmdw 453 Y0 U Jie MAE (llas
YL Jas MAE (gllss el 5 plls slinogS e csloelSie

ol o gudes 4> 33 Y/

o Ceand 3 s bl hl 3 sdes glas lgenl

el 013 & 8ly Gl g 4S5 L ol i 219 0 i
2 S5 oshd Sle (550 slaosS 1) 4l (ol odes Clelis)l
P By g il gl gyl 0y slaogS g il Jlod
Plan and Budjet Organization, ) sas e JoSis bl Gai
5 S 4 e (Sion 53500 hiunsS Sy s & (2018
2 ey o g a3 Y/Q Gl io 4 Jao MAE glas 4 /Y
s b Jlas )3 13 03 (sloogS Cuows 4 (b (3] i



\YY  WRF Jow jf solisw! b comw oL o4l & Ojloyw G“@TJ".‘.:’, OhKen g il oyl

LAl "'.VI -ver 0""I"‘ “ovr -~'vee
B
v o
v - - ol
< = .“‘
940N - worw
L "
- bd .
| | &
Legend
72
bl 170 e
o oxa-
® or.o
o on
sewnd S e
® ows.
ase0T worr e T wvovr oot
(R) (S (<
b) Correlation (R)
aver wrave wove arvore anyoe avoer
L o
-
2w - = e
{ e
Rl ! A.'; . YN
4 ~ < o
"ﬂ' 3 —
ArerNg AT N
Legend
RMSE.7T2
weornd RMSE 88 ]
® 12830
@ 2o.2p
o 25-3p
VN TG v
® A5
R asTe "woer arvotr ey avoer
(RMSE) lay po (ke (glbs j9done (©
d) Root Mean Square Error (RMSE)
Avore ‘.""l‘ - atawre .‘_"- e
B =]
l o
Eaia s = = e
-
e : ™
IR & ~
\) '_\‘ a
[x 4 B
muvey — o AT
MBE.T2
MDE_sa
M) -S—A8is 8 ] I—
® A0 24 |
@ 4500
® 00 1A
waewd O 18 20 4 L se-ves
O AD AN
| ® w43
o v -y arrvE ey e

(MBE) (o] (nSilo a3l (2
f) Mean Bias Error (MBE)

(=]
o
L]
IO ) FYREY ) Waoe
® a5 !
“ware prrad wanve T awave e
(MAE) b slho ,u8 il (]
a) Mean Absolute Error (MAE)
arare Avaww AaTe cv‘“ ‘"-"" aceutw
T
e . .
A . = T s
p——— - \ -
iy
xl \-2' D' R
- 7* o
e iy
Legend
MSe.72
ewwMOE_88 .y
| s o« -
® 4n w0
o ab.00
sswomq| O 42-104 Fieow
@ wo.sdo
® o
warw avawrs avoTre g v s
(MSE) Glay o o 58 (o0
¢) Mean Square Error (MSE)
e wore wwer arav s wevae
B
o
o - 1‘ T
L
werwd . b Lo ow
R " N
1 g .
§ -
LR — Faraow
lusss. s
S_68
e W 4!
w4 et al
© u3oe
O oa -oJ
| o 6s.0d
® an-of o
| @ ar-ofe
aevae waew ey e ware e

(MSSS) 5, jliel adlis (&

e) Mean Squared Skill Score (MSSS)
(& RMSE (& MSE (o R (& MAE (W :aisbr VY o s (255! 50 dddmilome s pad b obdlda &a597 anids —F JSd
MBE (g MSSS

Figure 4- Geographical distribution map of the indices calculated in the WRF model 72-hour hindcast evaluation: a MAE), b)
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Table 7- Recorded apple phenological stages in apple orchard of Kahriz Station and NDVI vegetation index gained from
Landsat 7 ETM+ images

Cge NDVI A iy Jol 50 NDVI - iy Jol 0 NDVI
Y ! G I G I
S”t G M’t r‘;bt‘“ (Landsat gl’t Growth (Landsat g’t Growth (Landsat
ate rowth stages 7 ETM+) ate stages 7 ETM+) ate stages 7 ETM+)
Jeo S Olas by 5
20.4.2007 Vo o 0304  14.2012 - 0.292 26.4.2015 o S5 0.650
Blossoming Dormancy Flowering
. | g . | & ® &
6.5.2007 o S5 0381 352012 ob S5 0.553 12.5.2015 o 0.566
Flowering Flowering Fruit growing
22.5.2007 il m’_ 0.391 4.6.2012 il A‘s’_ 0.657 13.6.2015 ol J‘;’_ 0.534
Fruit growing Fruit growing Fruit growing
7.6.2007 o 0467  20.6.2012 o 0.690 29.6.2015 o 0.497
Fruit growing Fruit growing Fruit growing
23.6.2007 Nl m’_ 0.627 6.7.2012 el m)_ 0.709 15.7.2015 el m’_ 0.451
Fruit growing Fruit growing Fruit growing
25.7.2007 o 0.724 22.7.2012 o 0.743 31.7.2015 oxe s 0.405
Fruit growing Fruit growing Fruit growing
10.8.2007 Nl m’_ 0.632 7.8.2012 el m)_ 0.718 16.8.2015 el m’_ 0.39
Fruit growing Fruit growing Fruit growing
11.9.2007 o ey 0.626  23.8.2012 owe iy 0654  17.9.2015 ow s 0.415
Fruit ripening Fruit growing Fruit growing
Clos sone - s L
5.3.2008 ~ 0.237 8.9.2012 e 0.684 14.5.2016 o0 0.432
Dormancy Fruit ripening Fruit growing
24.5.2008 Nl m’_ 0.552 6.5.2013 el m)_ 0.559 30.5.2016 il m’_ 0.544
Fruit growing Fruit growing Fruit growing
9.6.2008 g 0448  7.6.2013 o 0.686 1562016 g 0.499
Fruit growing Fruit growing Fruit growing
25.6.2008 g 0536  23.6.2013 g 0.728 17.7.2016 oo ) 0.486
Fruit growing Fruit growing Fruit growing
27.7.2008 o 0572 9.7.2013 o 0.691 2.8.2016 o 0.440
Fruit growing Fruit growing Fruit growing
11.7.2008 o % 0598  25.7.2013 o 4 0.669 18.8.2016 gt ) 0.461

Fruit growing

Fruit growing

Fruit growing
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28.8.2008 : . 0.525 10.8.2013 . . 0.643
Fruit growing Fruit growing

13.9.2008 o e 0.567 26.8.2013 o Ay 0.622
Fruit growing Fruit growing

27.5.2009 il ) . 0.46 11.9.2013 el = . 0.624
Fruit growing Fruit growing

28.6.2009 o 0.548  27.9.2013 e O 0.667
Fruit growing Fruit ripening

14.7.2009 o Ay 0.643 2232014 _ U SE 0.427
Fruit growing Bud formation

30.7.2009 etand 055  7.4.2014 o S5 0.414
Fruit growing Flowering

15.8.2009 o Ay 0.574 25.5.2014 o Ay 0.685
Fruit growing Fruit growing

31.8.2009 o 0567  10.6.2014 o 0.733
Fruit growing Fruit growing

14.5.2010 o 046  26.6.2014 o 0.627
Fruit growing Fruit growing

305.2010 o 0411  127.2014 o 8 0.650
Fruit growing Fruit growing

15.6.2010 o 0466  13.8.2014 o 0.659
Fruit growing Fruit growing

1.7.2010 oy 0588  29.8.2014 owe ) 0.610
Fruit growing Fruit growing

17.7.2010 o 0.609 14.9.2014 e o) 0.570
Fruit growing Fruit ripening

18.8.2010 o 0.549
Fruit growing

3.9.2010 o 0.6
Fruit growing

19.9.2010 o o) 0.659
Fruit ripening

30.3.2011 ~ 0.299

Dormancy
15.4.2011 Wy s 0.345
Blossoming

17.5.2011 o Ay 0.581
Fruit growing

21.8.2011 o 0.673
Fruit growing

6.9.2011 o Ay 0.704
Fruit growing

22.9.2011 o o) 0.718

Fruit ripening
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Table 8- Recorded apple phenological stages in apple orchard of Kahriz Station and NDVI vegetation index gained from
Landsat 8 OLI images

&, Sy Jlpe NDVI &b iy Jolyo NDVI

Date Growth stages Date Growth stages
o i 5
2.4.2013 © o 0.450 18.4.2015 b 0.555
Blossoming Flowering
. ‘ g s &

12.4.2013 P 5 0.546 20.5.2015 o 0.608
Flowering Fruit growing

28.4.2013 o 0.569 5.6.2015 o ) 0.712
Fruit growing Fruit growing

30.5.2013 il s . 0.721 21.6.2015 el 4 . 0.560
Fruit growing Fruit growing

15.6.2013 o 0.757 7.7.2015 o My 0.513
Fruit growing Fruit growing

1.7.2013 o 0.727 23.7.2015 o 0.451
Fruit growing Fruit growing

17.7.2013 o 0.719 8.8.2015 o3 5. 0.417
Fruit growing Fruit growing

2.8.2013 o 0.706 24.8.2015 o 0.374
Fruit growing Fruit growing

18.8.2013 o 0.669 9.9.2015 oy 0.502
Fruit growing Fruit growing

3.9.2013 o 0.635 25.9.2015 O 0463
Fruit growing Fruit ripening

19.9.2013 e O 0.712 20.4.2016 o J5 0.581

Fruit ripening Flweing

1.5.2014 oy 0.754 6.5.2016 iy 0.640
Fruit growing Fruit growing

17.5.2014 oy 0.767 22.5.2016 o ) 0.598
Fruit growing Fruit growing

18.6.2014 oy 0.714 7.6.2016 o3 My 0.501
Fruit growing Fruit growing

4.7.2014 oy 0.727 23.6.2016 oy 0.529
Fruit growing Fruit growing

20.7.2014 ol 0.701 9.7.2016 o Ay 0.534
Fruit growing Fruit growing

5.8.2014 oy 0.685 25.7.2016 oy 0.424
Fruit growing Fruit growing

21.8.2014 oy 0.667 10.8.2016 o3 3y 0.472
Fruit growing Fruit growing

6.9.2014 oy 0.645 26.8.2016 oy 0.426
Fruit growing Fruit growing

22.9.2014 o o) 0.616 11.9.2016 o3 3y 0.431
Fruit growing Fruit growing

27.9.2016 e ) 0.439
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L sl jpsldS ol aomi s & 20 (il olej 51 JE WRF

Fruit growing
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Introduction

Precipitation is the most important element of water level that recognizing its temporal-spatial characteristics
at different scales is an important step towards better understanding and modeling of the hydrological cycle and
related phenomena such as floods. Drought, landslides, snow and climate change are on a regional and global
scale. Despite the large number of studies conducted in this field, there is still a lot of research need in many
parts of the world for reasons such as lack of weather stations to access ground observation data and the non-
uniform spatial distribution of these stations. Nowadays, with significant technological advances, including the
advent of various satellites, access to a variety of precipitation data has been greatly facilitated. Among the latest
precipitation products of various satellites, we can refer to the Global Precipitation Measurement (GPM) satellite
data. Related to the subject of the present study, it is stated that most of the studies on rainfall in the Jazmourian
catchment area have been based on station data, which due to the poor distribution of meteorological stations; it
is not possible to estimate the temporal-spatial distribution of precipitation in the study basin. In this study, the
temporal-spatial analysis of precipitation using GPM satellite precipitation products as one of the most important
climatic parameters in the basin Due to the undeniable importance of rainfall in this basin, it seems that the
analysis of variable rainfall can provide valuable climatic information to researchers and planners. To pave the
way for new study platforms.

Materials and Methods

In this study, satellite data (GPM) with a spatial resolution of 0.1 x 0.1 degrees from January 2001 to
December 2019 have been used for spatiotemporal analysis of precipitation in the Jazmourian catchment. The
GPM satellite provides more accurate and realistic estimates than other TRMM satellites. In this study, a
calibrated precipitation product of level 3 of 6 GPM satellite versions was used. Relevant data are in NCDF
format and have UTM image system with WGS84 datum, which after quality control and preprocessing, by
specialized software (ENVI, ArcGIS and EXCELL) is converted into network data and data tables and the
necessary outputs based on the geographical boundary of the catchment was extracted. The average monthly
rainfall was extracted from the average daily rainfall belonging to each month and the seasonal average was
extracted from the average of three months related to each season. Spatially, the values of each pixel are the
conditions of the average amount of precipitation related to each time series (monthly, seasonal and annual)
during the statistical period.

Results and Discussion
Based on the results, the average rainfall in the Jazmourian catchment was estimated as 144 mm, the spatial
distribution of which ranged from 83 to 232 mm. The maximum rainfall occurred in the northern and western
parts and the minimum occurred in the central and eastern parts of the basin. Furthermore; based on the annual
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distribution of rainfall during the statistical period under study, the highest rainfall was in 2019 with 239 mm and
the lowest with 53 mm in 2001. In terms of seasonal distribution, winter and spring with values of 118 and 88
mm, respectively, showed the highest and autumn and summer with values of 22 and 45 mm, showed the lowest
values of precipitation. Also, during the statistical period under study, winter 2005 with 193 mm had the highest
and autumn 2003 with 1 mm had the lowest seasonal rainfall in the basin. In addition, an interesting point is the
spatial displacement of high-pressure nuclei in different seasons of the year; so that these nuclei are observed in
the cold seasons of the year in the northern and western parts and in the warm seasons of the year in the
southwestern and southeastern parts of the basin. The spatial distribution of monthly precipitation indicates the
occurrence of the highest monthly precipitation in February and March and the lowest in May and September.
Also, the monthly rainfall time series indicates the maximum incidence of precipitation in February 2001 (94
mm) and it’s minimum in January 2001 (no precipitation).

Conclusion

Precipitation as a source of fresh water on Earth is one of the most important hydrological parameters, the
importance of which is undeniable in the survival of human communities and natural ecosystems. Due to the
large temporal-spatial variations of precipitation, its study seems necessary. But one of the main challenges for
studying this phenomenon is the lack of ground stations as well as their improper distribution. Today, with
advancement of technology and remote sensing, a diverse range of satellite data has become available to
environmental scientists. In this regard, in the present study, using GPM satellite data and in the statistical period
2001-2019, the temporal-spatial distribution of precipitation in the Jazmourian catchment area in southeastern
Iran has been investigated. In general, the high variability of rainfall in Jazmourian catchment in different
months and seasons of the year, shows the dominance of arid and low climate in this basin. Therefore, due to the
rainfall situation and its high fluctuations under climate change conditions, in the near future, this basin will face
serious challenges and crises in water resources management and the sustainability of natural ecosystems. The
GPM satellite data used in this study showed appropriate and expected results from the spatial-temporal
distribution of precipitation in the Jazmourian catchment and showed a good correlation with meteorological
stations. In general, the use of GPM satellite data in the present study is appropriate, which due to its appropriate
spatio-temporal separation, gives reliable and satisfactory results. On the other hand, inadequate spatial coverage
of meteorological stations and their large statistical vacuum in such a relatively large basin justify the use of this
valuable and useful satellite data.

Keywords: GPM satellite, Jazmourian Catchment, Precipitation, Spatiotemporal
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Figure 6- Spatial distribution of seasonal rainfall in Jazmourian catchment from 2001 to 2019
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Figure 7- Time series and average seasonal rainfall in Jazmourian catchment from 2001 to 2019



VFo) iyl — (529958 ) 05lods FF alo (S g o a2 VOA

Dygt o i & ddes bl Ll 5L sladius o5 i
2l b dlio )3 adge (500 9 )8 ST olo )3 (S yobo 4
iz J3)95 5 (S8l gdiee e Sln S Jenl I (s
S92y S ade g g Jled lapize p &5 (b
() g 3 clie (Sl bl b eizren 5 il Clelis)|
2 ol Jhs s 4 ole cpl g3 sl plge (SaHbolas 1S
59> i0)5 LSl ol pae o] Cdlate 5 )35 Juab gl
S9y Bl plie 3 35 (oeite (2ldd Sy (Bl claailels
Le el obe )3 (laygesle s pl (sadsn (W) ke e
DRIl T &) o o oo ¥ (gaiieS g plo oo VF (it
Sil Gl 5 (SH)b (Uad @iy bld 4 Cusl 039 4219
St Sladiws 45 (5)5 b 4y 3550 oaabie olo (pl )
el 3D ol 0d 00,iS ddgs Jlod g (08 (e 4 (S5
cle 4y ecdS ol e ole opl o (SWHL diin olad mje
s Syt 9 S et slae s (0l glaalle
2 Gl 48,5 S (B9 cnl 2 38 Sobe G0 b ladies
SE D 4 ade (Byd g s (350 it & b
2 0 o ke S (IS 1 alS e 3 g gy
ol ldlas Mo BB yobo 4 55 ()b ke ¢ 8 pen sl SN)L
e 33 598 de Gl is (S @Bly S (promen Cal 4Bl
@5l b 5l 6lygs s Cae Glie (uls (opf laailels
adg Bydled g Jlod > pralyiole (S5)L (dinder (S 5k
selg ailon by Juad olo cp Bl plgie 4 pueld ola 2> 1,8
VY gty polie & (gpsbo & fcuwl 00l dxlge ()L (Rl L
PS5k dag BB LSy S obles e e A (4ieS 5 st e
L5 eppebod oo )3 (0)h (2lad @i Llod 4 . adl e 59530 ola
2 =l Gl oS Sy (635 JSE olo (il > A o
b b ] e o Cal dgs o sl iz
(A J5) 2wl i nl 3 (28 il slaailels

3)50 gamde > 0L gasbale )LiB) 538 (o) p Cua
ol 515 i Vo S 13 laolo plas byl Lo (g yus ctalllne
408 9 dugil} puolwd slaole 4 basye (SW)L polie ulwl y
Sl AF) VN 08 @ bguye dllale ()1 cn St (b))
3 (inc i W) Vo ¥ el 5 (in o A) V-8 sl
BV g VO gl an by je aslale (5,0 503 cp 58
B Y+ +F g ke ) YoV 5 Voo ¥ juals (in
42,5 35515 (2o shoe

3 e (yen oyl g8y 4 2ldb @i ol ol e
4o ymie (pe) ghaw ()8 Glale)S &S 005 oo @iipe (2l
L o595 ol 13 900 (S5l 3y 5 oo Lo (sl gm0
blyd alige pas ol Jlid 4 g 0> i jlidyy CuaSle cogis
ol 4l S ey S0l e dsp dgms (sl selics
hrleS alpd olo cpl a0 boye ()1 (gl (ol 1 oS (5)5b
G pilde 1o 9559 ol L Gl o oS ades S 50
a2 by sl odpu) Jlo e VA 4y g 005 039381 (397 55 (S5,L
sy 5 dogr ol ade gaies Sl Cundse 4
3 g yan (Sl Josle g S Sl plgiee |y of el e
Maoliole cul )3 (yguige b ye ULy (ale 3985 K03 (sgw
2,5
SieS g ylocshe YA il b (SW)L palhe (Vg olo
3 e i3 |y ol Sy 5 0392 (35 Ao by pta e ¥
el 00l &y o iyl gdtud )3 odas sl 93 (olad bld 4 Ll
G ) (SA5)k gahdn A by & baye Jol i
wlo (il 3 (guige SUL > d9is 9 Cogii b & Cunl adg> (555
s olai e e i)l ) psSde san bl 65t 3blie
St Sy (5SS ol cpl (SH)LolS, 53 50> (e
gl ol e o sl adge g Jlad 3w )L
€559 9 w9l 9 p)S5 Ul 390 3 Al ol Clelis)] 4
polie ST ole 45 il sy e ()5, (63590 sla i)l
22 Bl (halS (Ve 4 Cand o oo W b (S6)L (g
Serg ool b sl AZIG ol s 3l gigeS lie &S Jlo
o5 JS Loyt (pgmmign cogboye bz 5528 pgls |
g 00d )3)0 0 wlel cpl & by Sl )b jl > (5 b9
S 8l o 3l Al e > 55 iyl (gdidi ol b .
&ly ()l satad Cogi olo nl (0)k 3)90 ) K3 a5 LB
Y olo d Cod (3510 slaosS) o> © s>
L olossesle snl (samdg 5 (a5l peolis olo 5> bl 0
oo ol 5 0313 s |y sl Mo b5 ialS i e V-0 yolie
a0l pl pd .l 0dged i Jlw Jobo jd olo oy i Sis & 1y
a2y ol GRS Sl pae 5 (guige Sl it s L
ol 4Bl ialS (g2gi BB jsb 4 (SH)L e ss 5y
lelds)l jl (Sao)l (s e Jlod saos o8 Jb
e 23l oo ()8 lrodg ()85 S S S oo (o Jled
Ot |y (ol jnsi 9 039 yraliw ASlos piSTole 3 (Sl
3 Se glgis am el (il ) (SH)b (lad @ Lol ey oo
R )95;\4 olo ,3 &S > (j 5! bl o Jo ol CRPEF



V04

Goylgale srools jleoliiwl b )b 2Lad— Jloj 9,57,.3 OhHSed g 591 ey

Wi o
Latitude

kil o e
Latitude

ket o
Latitude

2WVON 29°00N 25°00°N 2T00°N 2ETON 2000°N

000N VN

26VON TN 28°0°0°N

SIONE  SEOUE n000E M00E 6100'E STU0E  SE00E  S000E  G00E  6100E

January N

Precipitation (mm) ;A"-ﬁ*’

V0N 200N IVON 2500N

oy High: 41
B Low: 14 - — — T £ - —— i
02550 100 150 200 E 02560 100 150 200
STOWE irv‘o'! 5900 s000E 511'11 STO0E 5800 S%0V°E €0°E 61"0'0°E
i b i Jdo
Longitude Longitude

STO0E S§°00°E S00E 60°00"E 61°0'0°E

April N
<V,
f“',;v
w.

STU0E S5'00°E 58'0'0°E GU00E 61'00°E

WOUN 200N

20°00'N

z F
Precipitation (mm)i ," (= E E Precipitation (mm) -
o High: 64 nd oy High: 27
S Low: 16 o w— w— »g E - Low: 4 - — — T
02550 100 150 200 H g 02550 100 150 200
ST 80°00°E 00" B0°00E  &1°00E STO0E SE00E S00E GU00'E 61°0'0°E
PIEEN S il Job
Longitude Longitude
STOUE 88U S9UVE W00E 61°0T°E STOUE SEO0E SSO00E B000E 61°00°E

May
CA7
(L)
W 3
NS

20°00"N

il 50
Latitude
WOUN 200N

Precipitation (mm) -
- High: 8

E. o) A _"—'w’

.mgh: 18

S Low: 1

WWON VYN 2800N
N

SaRe T 10

2550 100 150 200

=
E. W Low: 1 - —

e ciloide e i STO0E SE00°E S5¥00E S000°E S1"0'0°E
i o ki o
Longitude Longitude
YR Yo sladlo (b olhjgejle 30l Gasg 3 alble (5,0 o2lid 595 -A JS
Figure 8- Spatial distribution of monthly precipitation in Jazmourian catchment from 2001 to 2019
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Figure 8- Spatial distribution of monthly precipitation in Jazmourian catchment from 2001 to 2019
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Figure 11- Average monthly rainfall in Jazmourian catchment from 2001 to 2019
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