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1- Disaggregation models

2- Auto Regressive Lag-1

3- Valencia- Schaake (V-S)

4- Thomas- Fiering

5- Lag- one Serial Correlation Coefficient
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Table 2- Comparison of annual statistical characteristics of historical and generated values in Lar dam
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Figure 1- Comparison of statistical characteristics of historical and generated monthly streamflow data; a) mean, b) standard
deviation, c) skewness, d) correlation coefficient between two consecutive months), and e) correlation coefficient between
different months and annual values- Lar dam
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Figure 4- The variation diagram of evaporation losses with demand for different vulnerabilities and reliabilities- Lar dam
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Introduction: In recent decades, with increasing the world population and demand for fresh water for
various applications (drinking, agriculture and industry), planning, management and optimal utilization of
surface water reservoirs, especially in arid and semi-arid regions, have become the most serious challenges faced
by researchers and water industry professionals in many parts of the world. In surface water reservoirs,
uncontrolled flow is stored in wet periods for use in low flow periods. Therefore, surface water storage dams are
created to control and regulate the flow of rivers in order to meet demand for different uses at a certain level of
performance indices. During the process of storing water in the reservoirs, the uncontrolled flows of the input
into the reservoir are in three ways: yield or output adjusted to meet demand for various uses, infiltration loss
and evaporation from the surface of the lake and spill of excess water in a reservoir that is part of an
uncontrollable flow. The proposed methods of storage-yield-performance of the storage system are classified
into two main groups, simulation and optimization methods, which are widely used to analyze the reservoirs
system for storing surface water. Among two final methods of simulation i.e. the behavior analysis method and
the modified Sequent Peak Algorithm (SPA) method, all the actual conditions governing the system of storage
reservoirs, including control of indices of reliability and vulnerability in the storage-yield-performance, are
required to apply SPA. The basic SPA simulation method has been proposed as a computational method for the
mass curve, and major improvements have been made to increase its functionality and efficiency at the late 20%"
century. The first amendments to apply the effects of evaporation losses and performance indices; time-based
reliability and vulnerability, were carried out by Lele (1987). Then, Montaseri (1999) developed the SPA method
for the system of multiple storage reservoirs and used non-linear or real area-volume relationship for applying
losses caused by evaporation.

Materials and Methods: Stochastic models provide the possibility of generating successive hydrological
time series (such as rainfall and flow) that are likely to occur in the future. On the other hand, the analysis of
long-term behavior of various water resources systems, especially the storage system, depends on the availability
of expected river flow time series in the years to come. Therefore, the use of stochastic models and the
production of artificial data are absolutely necessary for the accurate evaluation of the design, operation and
optimal management of the storage system and the elaboration of their long-term behavior. For this purpose,
using a single distributed stochastic model, 1000 series of annual and monthly flows of input into the storage
reservoir were generated and then the series of monthly flows generated to simulate the storage reservoir system
using the SPA-I method and the reservoir performance indices (time reliability, resiliency and vulnerability)
were also used for single reservoir system.

Results and Discussion: The results show that combining two stochastic AR(1) and Valencia-Schaake
models had very good performance in preserving statistical data of historical data at two monthly and annual
levels. This is the advantage and necessity of using the stochastic distributions model relative to other stochastic
models such as Thomas-Fiering and ARMA in analyzing the storage reservoirs systems. The behavior of the
reservoir system or the critical period in addition to demand, depends on system performance indices and
decreases the critical period by decreasing time-based reliability or increasing the vulnerability factor. The
results also indicate nonlinear (exponential) changes in the critical period and demand at a certain level of
performance indices. Moreover, evaporation loss changes for demand and a certain level of performance indices
have a concave shape, with a reversing point consistent with the largest within-year storage system. With a
decrease/ an increase demand and volume of storage, the amount of evaporation losses increased exponentially
and accounted for a considerable percentage of the reservoir's storage capacity.

Conclusion: The results revealed that volume of storage in addition to demand is a function of
evapotranspiration losses and time-based reliability and vulnerability indices and follows an exponential relation
for demand. In addition, in all three variants of the modified SPAs (SPA-I, SPA-II, and SPA-III), two
performance indices of the reservoir, namely time-based reliability and vulnerability, are controllable in analysis,

1 and 2- Graduated M.Sc. and Professor Department of Water Engineering, College of Agriculture, Urmia University,
Iran, respectively.
(*- Corresponding Author Email: m.montaseri@Urmia.ac.ir)
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and the storage system analysis is performed for specified values or mentioned indices. Also, in the SPA-II and
SPA-III methods, it is possible to use a nonlinear or a real are-volume relationship to estimate the loss of
evapotranspiration in the storage system. Control of two performance indices of the reservoir and the application
of real or nonlinear area-volume relationship in the analysis of reservoir system reservoir are important
advantages of the above methods to the behavior analysis method.

Keywords: Data generation, Lar reservoir dam, Reservoir simulation, SPA method, Stochastic model
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Figure 1- Preparation of pots and planting
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Table 1- Date and volume (ml) of irrigation in different treatments

S‘“’tb 93/12/29 94/1/10 94/1/12 94/1/15 94/1/17 94/1/18 94/1/20 94/1/22 94/1/24 94/1/26
ate

Jﬁl{F‘f)w 94.3 74.6 52.0 2051 1679 1018 2038  196.1 77.9 174.4

d)%r;o/v. 96.0 488 49.3 240.7 176.0 1011 2156 @ 2054 78.2 187.3

‘5)%;::0/?' 106.0 1284 516 209.0 164.4 - 270.3 200.3 755 168.5
‘5)1”";%50/;' 96.0 - 37.3 1911 162.0 - 262.4 190.7 69.9 169.7

ga)tl; 94/1/28 94/1/30 94/2/1  94/2/3  94/2/5 94/2/6 94/2/8 94/2/10 94/2/12 94/2/14

JAKF"IS)LHI 1852 2983 251.3 2308 3163 1157 269.1 3624  356.0 3175

d)t‘él’joﬁ' 2029 2400 201.0 1840 2528 925 2153 2899 2848  296.3

‘S)L"gljom' 187.4 180.0 151.0 1384 189.6 694 1615 2174 2136 222.2

LS)L.?I;SO/;' 183.0 120.0 100.0 92.3 126.4 462  107.7 144.9 142.4 148.2

ga)tl; 94/2/16 94/2/17 94/2/19 94/2/21 94/2/23 94/2/25 94/2/27 94/2/29 94/2/31  94/3/2

JﬂL{Ff)LHI 377.3 1793 2311 335.7 3283 3772 4344 6436 546.7 533.4

d’%r’;oﬂ' 301.8 1434 1777 268.5 2626 301.8 3475 5149 4373 426.7

d’%joﬁ' 2264 1075 1333 2014 1969 2263 260.6 3862 3279  320.0

d’%l"’goﬁ' 1509 717 88.8 134.3 131.3 1509 1737 257.5 218.6 213.4
&b 04/3/4 94/3/6 94/3/8 94/3/10 94/3/12 94/3/14 94/3/16 94/3/18 94/3/20 &
Date Total

J”KFf)L"I 163.3 378 479.3571 237.6429 391.6143 402.2 416.5571 541.2286 403.7714 11357.37

d)%lrjoﬂ. 130.6 3024 3834 191 3133 381 3333 433 3232 9621.54

d)%ljoﬁ' 979 2268 287.6 142.5 235 241.2 250 325 2424 7509.42

d)%rgoﬁ' 653 151.2 1917 95 156.6 160.8 166.7 216.5 161.6 5304.4

LS Olaswin -Y Jgia
Table 2- Greenhouse characteristics

LA o)lons Glwptens (aip0 po) Colwe  Clade  (alipd) (20 SIS Jidg g9 Jyaro

Greenhouse no.  Clty Area (m?) Water source Flow (Lit/Sec) Greenhouse cover Crop
1 i 4500 0.2
2 S 3600 0.2
3 Abyek 3000 0.1 2 _
4 . 3000 _ 0.1 2 2
5 " 3000 43 01 »% -] 4 £
6 Qazvin 5000 = 0.2 > > "8
7 125 s 15000 1 2> ©
8 Boein 15000 1
9 Zahra 4000 0.5
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Figure 2- Effect of different parameters on greenhouse cucumber evapotranpiration
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* and ** significant at significance levels of 5% and 1%, respectively.
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Table 3- Evapotranspiration equations

. Jalso Wales el pd. (Sod 0 5 i ©layye (Sbe
@l . Equation coefficient . -
Equation a b c d Corrolation coefficient Average of square error
1 ET=TavgaRHavgbHc 0.812 -0.79 0.643 - - 0.865 0.781
2 ET=a Tmin+b RHmin+c Rn 0.382 -0.34 0.453 - - 0.658 1.919
3 ET=aTmax+bRHmax+cRn 0.088 -0.06 0.598 - - 0.456 3.055
4 ET=aTavg+bRHavg+cRn 0.298 -0.017 0.544 - - 0.555 3.497
5 ET=aRab TavgcH d 0.05 0.772 0.015 0.612 - 0.858 0.817
6 ET=aTavg+bRHavg+c H 0.165 -0.05 0.0118 - - 0.857 0.804
7 ET=aTmin+bRHmin+c H 0.199 -0.04 0.113 - - 0.856 0.809
8 ET=aTmax+bRHmax+c H 0.08 -0.02 0.126 - - 0.842 0.887
9 ET=aTmax+bRHmax+cRn +d H 0.078 -0.02 0.045 0.122 - 0.843 0.905
10 ET=aTavg+bRHavg+cRn +d H 0.163 -0.06 0.062 0.0113 0.859 0.814
11 ET=aTmin+b RHmin+ cRn +d H 0.193 -0.1 0.112 0.100 0.865 0.781
a[AlR, — &)]
12 Ely=——7F7T"7" 0575 - - - 0.463 2.865
Aty

13 _ BAK.) n .

EL=a+— oy +ecle,—ad+ i teRF -. 10.8 1726 0.105 -9.9 -0.16 0.861 0.825

SALH) f

14 EL= ye +bls,—sJ+ oy TORE .. 1548 0.067 -8.63 -0.04 - 0.847 0.881
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Figure 3- Comparision of evapotranspiration estimation methods
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Table 3- Evapotranspiration and yield of cucumber in different treatments

s FI
Treatment

D120 Dl40

D160

(mm/day) 5,5 5 s
Evapotraspitation (mm/day)

() 5)las ials

Yield reduction (%)

220.74 194.64 153.75 112.55

0

494

67.3

81.2
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Figure 4- Evapotranspiration and yield of cucumber in different treatments
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Figure 5- Yield and water productivity of greenhouse cucumber
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Introduction: Greenhouses have a key role in agriculture productions. Given the ability of controlling
production factors, there is the possibility of out-of-season cultivation in greenhouses, which is important in
terms of food security, economics, and agricultural marketing. Estimation of water requirement for planning the
development of greenhouses and their operation is very important. Awareness of the exact amount of water
requirement is important both in terms of production and growth. Many studies have shown the usefulness of
greenhouses in improving yield, physical and economical productivity. So far, comprehensive studies have not
been carried out on the productivity of greenhouse cucumber cultivation and its effects on water resources in
Qazvin province. Therefore, the goal of this study was to determine the greenhouse cucumber water requirement
and provide a model for estimating evapotranspiration of cucumber under greenhouse condition. Also,
determining greenhouse cucumber productivity in Qazvin province and evaluating the effect of this improvement
on water resources were other objectives.

Materials and Methods: This research was carried out in a greenhouse near Qazvin city. The height of the
greenhouse from the ground was 4 meters, and its plastic cover was made of polyethylene. Experiments were
carried out in greenhouse with greenhouse seedling on 20-3-2015 in two rows of pot. The greenhouse was
equipped with the necessary tools to measure temperature, maximum and minimum temperature, relative
humidity, and solar radiation. Soil texture in this research was clay loam with 30, 32 and 38 percent of sand, silt
and clay, respectively. The water content was, , 31% and 16 percent at field capacity (FC) and permanent wiling
point (PWP) respectively. An irrigation interval of two days (a favorable condition) was considered. In this
experiment, the seeds of the Royal cucumber were used to coincide with the planting time and harvesting length.
The plastic pots with a diameter of 18 cm and a height of 23 cm were utilized. The pots were filled with equal
quantities of fine and fine gravel (for drainage) and then with the agricultural soil prepared for cucumber
cultivation. In order to provide conditions similar to the actual cucumber planting in the flower bed, the pots
were placed close to the greenhouse. The irrigation of the plants was carried out manually for 83 days. The
relative humidity, temperature and radiation were measured hourly. Further, the effects of irrigation on different
characteristics of the test plants were observed and recorded. The moisture content was measured by weight and
soil moisture reduction in full irrigation was compensated for the FC moisture content in each irrigation interval.
Until 30 days after planting (Stages 4-6), the pots were irrigated with equal amounts. In order to evaluate the
effects of deficit irrigation, four treatments were considered. These treatment were as follows: first treatment
(FD): irrigation depth equal to 100% of the plant evapotranspiration with five replications, treatment (DI120):
irrigation depth equal to 80% of the plant evapotranspiration with five replicates, treatment 3: (DI140) irrigation
depth equal to 60% of the plant evapotranspiration with five replicates and the fourth treatment (DI60): irrigation
depth equal to 40% of the plant evapotranspiration with five replications.

Results and Discussion: The maximum and minimum evapotranspiration was 8.7 and 1.06 mm/day in 61
and 13 days after transplanting, respectively. By investigation different mathematical models, the best models for
estimation of cucumber evapotranspiration in greenhouse was the power model based temperature, humidity and
height of crop with R? of 0.86. The FAO-Penman-Monteith and Blaney-Criddle models exhibited the best and
worst performance with R? of 0.42 and 0.24, respectively. The cucumber water productivities in greenhouses
ranged from 9.23 to 22.44 Kilograms per cubic meter. This wide water productivity range shows the importance
of management and operation in water productivity improvement in greenhouses.

Conclusion: Estimation of greenhouses cucumber water requirement and water productivity are very
important. The best model for estimating cucumber evapotranspiration in greenhouse was the power model
based on temperature, humidity and height of crop with R? of 0.86. In this study, cucumber water productivity
was estimated in Qazvin greenhouses. The results showed that cucumber water productivities ranged from 9.23

1, 2 and 3- Graduated in M.Sc., Associate Professor and Assistant Professor, Department of Water Science and
Engineering, Imam Khomeini International University, Qazvin, Iran, respectively.
(*- Corresponding Author Email: Ramezani@eng.ikiu.ac.ir)
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to 22.44 Kilograms per cubic meter. Consequently, 117 ha greenhouse is required for producing the present
value of cucumber in the province. This option would save 15 millions of cubic meter water in this area.
Development of greenhouses with regarding to various economic and social aspects can help decision-makers in
solving water shortage problems.

Keywords: Deficit irrigation, Evapotranspiration, Penman-Monteith
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Figure 1- A schematic of the implemented scheme (in one repetition) consisting of different levels of moisture suction and two
surface and subsurface drip irrigation systems
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Table 1- Some soil physical and chemical properties of the field of study
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Table 3- Summary of the results of variance analysis for the measured characteristics
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Figure 2- Effects of potential levels (A) and irrigation system (B) on leaf area index
(11, 12 and I3 soil matric potentials at 40, 55, and 70 centi-bar, respectively and S1 and Sz surface drip irrigation system and
subsurface drip irrigation system respectively)
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Table 5- Mean comparison of studied characteristics affected by potential levels
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Treatment Water use efficiency (Kg.m) Plant height (cm) Number of seeds per head Grain yield (kg.hat)
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I2 6.23b 165.7b 913.3b 3496 b
I3 6.54 a 128.4c 703.8¢c 2330 ¢c
bl i Co5 adllas 390 Slio (1Sile duslio
Mean comparison of studied characteristics affected by irrigation system
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Treatment Water use efficiency (Kg.m) Plant height (cm) Number of seeds per head Grain yield (kg.hat)
S1 5.83b 168.9b 921.7b 3336 b
S2 7.43a 184.1a 1009.6 a 3835a
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Mean comparison of studied characteristics affected by interaction of LP and IS
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Introduction: Water has been known as an important limiting factor for plant growth and agricultural yields
in arid and semi-arid regions. It is a significant input to agricultural production and also an essential requirement
for domestic, industrial and municipal activities. Increasing population and standards of living are contributing to
a steep rise in demand for fresh water. By using proper irrigation management practices in farmlands, it is
possible to utilize water, soil and fertilizer to produce high yield and quality products. Drip irrigation is
considered as one of the most efficient irrigation methods. One of its major advantages is the ability to apply
water to the soil as often as desired and in smaller quantity than the other irrigation methods. Two systems of
drip irrigation including surface and subsurface drip irrigation methods have been widely used in arid and
semiarid regions to reduce the water deficiency impact. Subsurface drip irrigation has been used for many years
because of its effectiveness in reducing soil surface evaporation. It has been widely used in horticultural crops
under both greenhouse and outdoor field conditions. However, the surface drip irrigation system can be used
easier than the subsurface drip irrigation system. In addition, deficit irrigation is one of the strategies for efficient
use of water and increasing water use efficiency in agricultural district. Deficit irrigation is a suitable solution to
gain acceptable and economic performance by using minimum amount of water. The aim of this study was to
evaluate the yield and yield components of sunflower affected by different levels of soil matric potential in
combination with two contrasting drip irrigation method i.e. surface and subsurface. In addition, water use
efficiency as an important criterion of yield was used to achieve the best and more suitable irrigation method
under water scarcity conditions.

Materials and Methods: In order to investigate the irrigation management of sunflower, a field experiment
was carried out during 2016 growing season at an experimental farm in Jiroft city. The treatments were laid out
in split strip plots based on randomized complete block design with three replications. The treatments were
comprised of three soil matric potentials of 40, 55, and 70 centibar for initiation of irrigation in the main plot and
sub plots consisted of two drip irrigation systems (surface and subsurface). In the surface systems, drip lines
were placed on the soil surface at a distance of 15 cm from the plant and in the subsurface systems, drip lines
were placed at a depth of 30 cm. The irrigation time was determined based on the readings of metal tensiometers.
These tensiometers were installed in three depths of 15, 30 and 50 cm of soil and at a distance of 20 cm from the
plant. In this regard, in both irrigation systems, the mounted tensiometer at a depth of 15 cm of soil was used in
the early growth and development, and mounted Tensiometers at depths of 30 and 50 cm soil were used in the
middle and final stages of growth. In order to carry out irrigation at the potential point of view, the tensiometers
were fully controlled and when the calibrated tensiometer screen showed the desired potential point, irrigation
was carried out and the irrigation process continued until the soil moisture reached the crop capacity level. Yield,
yield components such as number of seeds per head, along with water use efficiency were measured. Data were
statistically analyzed using SAS Statistical software. Treatment means were compared using LSD test.

Results and Discussion: The results showed that the water usage parsimony of 153.6 mm (21.5 percent)
between the 40 and 55 c-bar tensions caused that the yield, number of seeds per head and height of plant
decreased by 12.5%, 12.8% and 11%, respectively, but water use efficiency increased 10.3%. Compared with 55
c-bar tention, 70 c-bar also decreased the yield, number of seeds per head and height of plant by 33.4%, 22.9%
and 22.5%, respectively but increased water use efficiency by 4.7%. Moreover, the yield in subsurface drip
irrigation increased by 499 kg/ha compared with surface irrigation. In addition, parsimony of water usage was
10% and water use efficiency increased by 21.5%. Number of seeds per head and the height of plant increased
by 8.2% and 8.7%, respectively in subsurface drip irrigation.

Conclusion: According to the results of this study conducted on sunflower in Jirot area, it was concluded
that the application of soil matric potential of 55 centibar in subsurface drip irrigation system is the best
approach to increase water use efficiency during periods of drought.

Keywords: Drought stress, Drip irrigation, Soil matric potential, Water use efficiency
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2- Response Surface Modeling (RSM)
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Table 1- Values and ranges of design parameters
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Table 2- The chemical analysis of sepiolite

mols  SiO2 ARO3 CaO K20 MgO NaxO P20s MnO SOz TiO2 Ni LOI*
(%) 5299 0.16 081 0.09 267 0.09 0 0 0 0 0.11 1.3
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. £ '
o] Sepiolite
|
§ ©
= ! Dolomite
I:*..-J ® | 7]
1 i Quartz !
Palygorskite .
3 Dolomite  pojomite
» z ‘
{ Sepiolite " sk l
» 3 ' - U I?\h “ ’ ul
1N WAt N ‘J w W ) | ‘ﬂfm o0 v‘)" i 7‘ W i w qn M"
{ i \ '»“ rm H ' h) 'h I‘ '|| f' (] \QA 'y
: M__ w‘\dfﬁ mwx].[ “ =i } JllJJ ‘[L(L i it 3 11_._*_. mngl]ﬂ
i 2-Tgela-5cale i

anlllao 8590 Cdgupw XRD (591 - JSio
Figure 1- X-ray diffraction pattern of the studied sepiolite
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1- Predicted R-squared
2- Adequate Precision
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Table 3- Box-Behnken design results for sorption of Cd and Pb by sepiolite

o A C D Y1
oAlojl o lows chle B Sg o yad paodls RN
Number of Concentation ! lonic strength <y (Cd) Sobtion
experiment (mg.L*) PH (mol.L%) (Pb) (mg.g*)
1 0 4.5 0.06 Pb 0
2 0 4.5 0.06 Cd 0
3 100 3 0.06 Cd 20.69
4 100 4.4 0.03 Pb 23.28
5 100 3 0.06 Pb 21.62
6 200 6 0.03 Pb 44.59
7 100 4.5 0.03 Pb 23.36
8 100 4.5 0.03 Cd 21.0
9 200 3 0.03 Cd 27.81
10 100 4.5 0.03 Cd 21.72
11 0 6 0.03 Pb 0
12 100 6 0.06 Cd 17.99
13 100 6 0.06 Pb 22.06
14 0 4.5 0.01 Cd 0
15 0 3 0.03 Cd 0
16 100 3 0.01 Pb 22.72
17 200 4.5 0.06 Pb 41.50
18 100 4.5 0.03 Pb 23.13
19 0 4.5 0.01 Pb 0
20 100 4.5 0.03 Pb 23.44
21 200 4.5 0.01 Pb 43.61
22 100 4.5 0.03 Cd 21.50
23 200 4.5 0.06 Cd 26.41
24 0 6 0.03 Cd 0
25 100 6 0.01 Cd 22.40
26 100 4.5 0.03 Pb 2341
27 100 3 0.06 Cd 16.41
28 100 6 0.01 Pb 24.35
29 200 45 0.01 Cd 30.36
30 200 3 0.03 Pb 42.52
31 200 6 0.03 Cd 33.19
32 100 4.5 0.03 Cd 21.08
33 100 4.5 0.03 Cd 20.99
34 0 3 0.03 Pb 0
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Table 4- Results of analysis of variance for second order model of the Cd and Pb sorption by sepiolite

&0 Olago gm0l an ;s Olage ulibe  Foylol Pa bl
Source Sum of squares df Mean square  Fvalue P value
J 5787.96 13 445.23 186.02  <0.0001
Model

A:con clle 5256.78 1 5256.78 2196.32 <0.0001
B:pH wal 10.24 1 10.24 4.28 0.0518
CIS g a8 20.55 1 20.55 8.59 0.0083
D:Element ,ole 179.07 1 179.07 7482  <0.0001
AB 6.93 1 6.93 2.89 0.1044
AC 4.58 1 4.58 1.91 1817/0
AD 185.25 1 185.25 77.40  <0.0001
BC 0.22 1 0.22 0.091 0.7662
BD 1.29 1 1.29 0.54 0.4719
CD 3.19 1 3.19 1.33 0.2620
A2 105.54 1 105.54 4410  <0.0001
B2 0.48 1 0.48 0.20 0.6587
c2 8.74 1 8.74 3.65 0.0704

Residual esle 3L 47.87 20 2.39
Lack of fit _jl, s 47.36 12 3.95 62.56  <0.0001

Pure Error _sslas glas 0.50 8 0.063

Cor-total S ze> 5835.83 33
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Table 5- Results of coefficient of the Cd and Pb sorption by sepiolite

3595 il .
et o dilear,y s
Factor Coefficient (af) Error
estimate

Intercept lus jl jo,e 22.19 1 0.42
A:con clale 18.13 1 0.37
B:pH ayal 0.80 1 0.37
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Figure 2- Contour plots of Cd and Pb sorption by sepiolite, (a): the combined effect of pH and concentration at constant ionic
strength 0.03 mol.L™, (b): the combined effect of ionic strength and concentration at constant pH: 4.5, (c): the combined
effect of pH and ionic strength at constant concentration:100 mg.L*
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Figure 3- Cd and Pb sorption from aqueous solutions by sepiolite at pH: 4.5 and ionic strength: 0.03 mol.L™!
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Introduction: Some of the heavy metals such as cadmium (Cd) and lead (Pb) are toxic and represent

hazardous pollutants due to their persistence in the environment. These metals have adverse effects on human
health, which include growth retardation, cancer, damage to the nervous and heart system. Heavy metals can
cause malfunctioning of the cellular processes via the displacement of essential metals from their respective
sites. Mainly heavy metals discharge into the environment from industrial and urban sewage. There are different
methods to reduce water pollution and the removal of heavy metals from water that one of them is sorption by
using organic and inorganic adsorbents such as sepiolite. The low cost of sepiolite along with the high specific
surface area, chemical and mechanical stability, and layered structure have made these clay minerals as excellent
adsorbent materials for the removal of heavy metals from wastewaters. This study aims to investigate the
sorption of Cd and Pb by sepiolite asan inorganic absorbent and optimize process variables (initial
concentration, pH and ionic strength) using Response Surface Methodology (RSM) and Box—Behnken design
(BBD).

Materials and Methods: Response Surface Methodology (RSM)is a statistical method that uses
quantitative data from appropriate experiments to determine regression model equations and operating
conditions. RSM is a collection of mathematical and statistical techniques for modeling and analysis of problems
in which a response of interest is influenced by several variables. A standard RSM design called Box-Behnken
Design (BBD) was applied in this work to study the variables for sorption of Cd and Pb by sepiolite from
aqueous solution using a batch process. BBD for three variables (initial Cd and Pb concentrations, pH and ionic
strength), each with two levels (the minimum and maximum), was used as an experimental design model.
Sepiolite sample used in this study was taken from a mine in Fariman region, northeastern Iran. In the
experimental design model, initial concentration (0-200 mg L), pH (3-6) and ionic strength (0.01-0.06 mol L)
were taken as input variables. Design-Expert program was used for regression and graphical analysis of the data
obtained. The optimum values of the selected variables were obtained by solving the regression equation and by
analyzing the response surface contour plots. The variability independent variables were explained by the
multiple coefficients of determination, R? and the model equation was used to predict the optimum value and
subsequently to elucidate the interaction between the factors within the specified range.

Results: The results showed that the sorption of Cd and Pb intensified by increasing initial concentration and

pH but ionic strength had an inverse effect. The sorption of Pb and Cd ions onto the sepiolite minerals were
lowest at pH =3 and 1S=0.06 but increased with an increase in pH and initial concentration of the solution. High
value for R? (0.99) and adjusted R? (0.99) showed that the removal of Cd and Pb can be described by the
response surface method. One-way ANOVA showed (p< 0.0001) that the quadratic model is the best model for
determining the interaction variables. According to optimization results, the sorption of Cd and Pb are
maximized when pH: 6, concentration: 200 mg.L™? and ionic strength :0.02 mol.L%. The predicted adsorption at

these settings for Pb and Cd are 44.4 and 34.28 mg.g?, respectively. It was found that the initial concentration is

the most effective parameter in the sorption of Cd and Pb by sepiolite. Sepiolite adsorbed more lead ions than
cadmium ions from aqueous solution.

Conclusion: Response surface methodology using BBD, proved a very effective and time-saving model for
studying the influence of process parameters (pH, initial concentration and ionic strength) on response factor
(sorb). This model significantly reduces the number of experiments and hence facilitating the optimum
conditions. The experimental values and the predicted values are in perfect match with an R? value of 0.99. The
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high correlation coefficient between the model and experimental data (R>=0.99) showed that the model was able
to predict the removal of Cd and Pb from aqueous solution by using sepiolite. The model revealed that
concentration, metal type and pH were the most effective parameters on the response yield (adsorption by
sepiolite), respectively. According to the results, sepiolite showed a greater efficiency for sorption of Cd and Pb
from aqueous solution, also usage of sepiolite as an inorganic absorbent due to its low cost and abundance can be
economically justified.

Keywords: Box-Behnken design (BBD), Heavy metals, Sepiolite, Water pollution
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Figure 1- Location map of the study area
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Figure 2- Land use/Land cover (LULC) map of the study area (16)
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Table 1- Summary of different equations developed for calculating rainfall erosivity factor

jloud dsles (/5) oms g3 O3 Jono
No. Equation Author(s) IOrlgl_naI
ocation
12 2 Wischmeier and Smith (28) as
1 R= 21.735><10(l'5|°g”(Pi /P)-008189 cited in Ganasri and Ramesh USA
1 (8)
2 R =0.562P -8.12 Hurni (10) Ethiopia
_ Ram et al. (21), as cited in Jain | Jharkhand,
3 R=81.5+0.375P 340< P <3500 and Das (12) India
0.07397MFI % MFI <55mm
4 R= Renard and Freimund (23) V\(I)?LCSO:St
95.77 —6.081IMFI +0.4770MFI*  MFI >55mm
12
_ N _ Zhou et al. (29) as cited in Li Southern
5 R= ; 1.15527 +1.792P o ) e
6 R =-823.8+5.213P Fernandez et al. (7) USA
7 R = 0.1215MF| %242 Irvem et al. (11) Turkey
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Table 2- Annual average rainfall and rainfall erosivity factor calculated using equations given in table (1) for different

stations

RETW p R

o (mm) (MJ mm hat hly?)

Station Eq.1 Eq.2 Eq.3 EQq.4 EQ.5 EQ.6 Eg.7 CV (%)
2902 3090 154 166 197 655 540 787 508 55
Ghorveh

el

501.9 289 274 270 1748 886 1793 1439 68

Kamyaran

258 4002 224 217 232 1160 703 1262 932 63
Kangavar

5l 4606 284 251 254 1505 811 1577 1306 66
Kermanshah

235 4395 268 239 246 1434 774 1467 1166 65
Ravansar

¥ 4623 268 252 255 1520 815 1586 1240 66
Sanandaj

- 3515 185 189 213 859 616 1008 678 59

Songhor
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Figure 3- Maps of annual average rainfall and rainfall erosivity factor of the study area
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Table 3- Descriptive statistics of selected parameters

ol RS G ok dile slre Sl il N Sads
Parameter Minimum Maximum Mean Median Standard deviation Skewness Kurtosis
P (mm) 333 468 389 383 41 0.32 1.69
R (MJ mm hal h'ty?) 564 1311 862 817 224.9 0.39 1.74
K (t h MJ* mm™) 0.02 0.04 0.03 0.03 0.01 -0.02 191
H (m) 1456 3230 1938 1921 209 0.77 450
Sq (%) 0 210 20 15 16 1.27 4.71
LS 0.03 15.89 0.22 0.10 0.41 7.52 102.24
C 0.00 1.00 0.39 0.40 0.22 0.04 2.23
A(thatly?) 0 461.97 2.35 0.92 5.16 10.73 242.26

SB gbasly
K(thMJ mm?) Soil Units
I o010 [ 00247 [ ] 0.0336 [ o.0372 [ FNEIE] $EEREEER 20 i 40
= ™ e ™ s = e
I 00234 [ ] 0.0334 [ 0.0347 [ 00440 B - s I : =

axllao 590 adkin BSB g pmds yivlw b g S A -F G
Figure 4- soil and soil erodibility map (K) of the study area
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Table 4- Taxonomic classification and respective K factor of the watershed soils

iy . e :
A S g 2 50l gahed, K (%) ol
.Jl&_ Dominant series name Taxonomic classification (thMI*mm?)  Area (%)
Soil units

1 Lanjab Clay Skeletal, Mixed, Mesic, Typic Xerorthents 0.034 8.2

2 Heydarabad Fine Silty, Mixed, Mesic, Typic Haploxerepts 0.045 124

3 Agaholia Loamy Skeletal, Mixed, Mesic, Typic Calcixerepts 0.033 13.8

4 Meyvaleh Fine, Mixed, Mesic, Typic Calcixerepts 0.034 8.9

5 Sarkhom Very Fine, Mixed, Mesic, Typic Calcixerepts 0.024 174

6 Gerdekaneholia Fine, Mixed, Mesic, Typic Haploxerolls 0.025 8.2

7 Kallepa Clay Skeletal, Mixed, Mesic, Typic Calcixerepts 0.037 22.2

8 Hosainabaddehbaneh Fine, Mixed, Mesic, Typic Calcixerolls 0.020 8.9
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Figure 5- Maps of elevation (H), slope (Sg), flow accumulation (Qa) and topographic factor (LS) of the study area
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Figure 6- Maps of normalized difference vegetation index (NDVI) and annual crop cover management factor (C) of the study
area
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Figure 7- map of mean annual soil erosion of the study area
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Table 5- Mean of some selected parameters in different erosion classes
sl yd odlS u*‘-llw)ﬁ Qald A H S M? J5 o colus (2) kg).g-,lf oS 2 )a*c«o.lm.o
Erosion class Erosion range thatyd (m) (%) Area in the Watershed Areain each LULC" (%)
(thaly? (%) 1 2 3 4 5 6 7
wa 0-1 0.43 1918 142 204 52.5 67 1 2 8 19 1 2
buwgie
Moderat 1-4 2.03 1958 252 212 33.2 41 1 1 16 35 1 4
oderate
HJ_LJh 4-10 6.10 1982 31.6 220 10.3 32 1 1 21 39 1 5
g
Vti'})/ﬁ;h > 10 20.13 1982 322 226 4.1 30 1 1 23 39 1 5

Al o 03l g SeSame blie (sladsle @lye ¢ sliny @ilpe b 3L b S «s3ysliS (slas )8 ;oly cusyi 4 Y B Y olacl
* Numbers 1 to 8 are correspond to agriculture, buffer forests, orchard, range brush, range grasses, urban areas and roads LULC,
respectively.
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Introduction: Soil erosion is a serious environmental threat leading to loss of nutrient from surface soil,
increased runoff, lake and reservoir sedimentation, and water pollution. Thus, estimation of soil loss and
identification of critical area for implementation of best management practice is central to success of soil
conservation programs. Soil erosion modeling is an efficient method to simulate soil erosion, to identify
sediment source areas, and to evaluate soil conservation measures. One of the most widely applied empirical
models for assessing the sheet and rill erosion is the Universal Soil Loss Equation (USLE). Originally, USLE
was developed mainly for soil erosion estimation in croplands or gently sloping topography. The RUSLE is an
extension of the original USLE with improvements in determining the factors controlling erosion. It is an
empirical model commonly used to estimate soil loss potential by water from hillslopes across large areas of
land. RUSLE is a linear equation that estimates the annual soil loss as the product of environmental factors
include rainfall, soil erodibility, slope length, slope steepness, cover management and conservation practices as
inputs. To implement RUSLE over large areas, detailed sets of spatially explicit data are needed for
precipitation, soil type, topographic slope, land cover and land use type. Conventionally, the collection of all
these data from field studies is time-consuming and expensive. The integration of field data and data provided by
remote sensing technologies through the use of geographic information systems (GIS) offers potential to
estimate spatially input data for RUSLE over large and relatively sparsely sampled areas. Keeping in view of the
above aspects, the objectives of the present study were 1) to integrate the field data and data provided by Landsat
Enhanced Thematic Mapper (ETM) imagery with RUSLE through the use of GIS to estimate spatial distribution
of soil erosion at Gawshan dam basin in west of Iran and 2) to delineate soil erosion probability zones by
reclassifying of the prepared soil erosion map.

Materials and Methods: The annual rainfall erosivity factor (R) was determined from monthly rainfall data
of 11 years (2005-2015) for 7 rain gauge stations in the the study area. Spatial distribution of R was estimated
using ordinary kriging method of interpolation. The soil erodibility factor (K) was estimated on the basis of soil
map prepared from land survey and Landsat ETM remote sensing data. The physical and chemical parameters
required to calculate K were measured in the different soil units, and its spatial distribution was coincident with
the soil unit boundaries. The topographic factor (LS) was derived from digital elevation model (DEM) of 30 m
resolution. The annual crop management factor (C) was calculated from normalized difference vegetation index
(NDVI) derived from Landsat ETM imagery for different seasons. Since there is a lack of field data regarding
the conservation practices that have been taken place in the study area, the conservation support practice factor
(P) value was taken as 1. Finally, average annual soil loss was estimated as the product of the mentioned factors,
and categorized into four classes viz., low, moderate, high and very high erosion.

Results and Discussion: The estimated R, K, LS and C range from 564 to 1311 MJ mm ha* h* y, 0.02 to
0.04 t h MJ** mm, 0 to 2436 and O to 1, respectively. The results indicate the estimated mean annual potential
soil loss of about 2.35 t ha, however in the 50% of the basin area annual soil loss is lower than 0.92 t ha™.
Based on categorized soil erosion map about nearly 52.5% of the basin area produces low erosion of 0.43 t ha™!
annually, whereas very high probability zone covers about 4% of the basin area, located dominantly in the
southwestern part of the basin. Our results showed that slope steepness factor is the most important factor that
controls soil erosion rate in the basin.

Conclusion: This study demonstrates the integration of field data and Landsat ETM imagery data with
RUSLE through the use of GIS to estimate spatial distribution of soil erosion in Gawshan dam basin. The results
of this study can be helpful for identifying critical areas for implementation of conservation practice and provide
options to policy makers for prioritization of different regions of the basin for treatment.

Keywords: Gawshan dam basin, Remote sensing, RUSLE, Soil erosion
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Figure 1- Map of the east Azarbaijan province and Sahand horticultural station
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Table 1- Chemical properties of the soil of experimental site

Gos Suylcalae ST

da JB s ol BB el

DA g g 31 T o5l
Depth EC eluil J§ Cs-*:;;—:o/)s" ‘(;]C":;s) - fl Nzo/) Available P Available K
: a otal
(cm) (ds.m) pH s (70 0 0 (mg.kgt)
0-20 3.04 7.57 35 0.47 0.05 142 419
20-40 212 7.86 2.0 0.27 0.03 34 192
40-90 1.45 8.03 2.0 0.10 0.01 0.6 115
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Table 2- Physical properties of the soil of experimental site

Gos JERTIRSS
Depth il aoy Mechanical analysis

em) spr ok e
Sand (%) Silt (%) Clay (%)

Sl S (M?.m3) cagb,
Bulk density Water content
cal (kg.m)

FC (0.03MPa) PWP (1.5MPa)

Texture
0-20 25 87 8 5 Loamy sand g oy 1.54 9.9 4.3
20-40 21 88 7 5 sand s 1.63 75 4.4
40-90 21 89 6 5 Sand s 1.58 8.3 4.1
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Table 3- Chemical properties of irrigation water in salinity treatments

o Syl OlyS Gl K5 Olilgw Lol ggemme majsio + mandS i LTS ggome
Treatment S,y pH _COs* HCOs CI° SO+ Sumofcations Mg* +Ca®* Na® Sum of anions o2 s
EC(dS.m) meq I SAR
T1 2.16 756 0.0 3.4 9.0 96 22.0 16.2 5.8 22.0 2.0
T2 4.33 749 0.0 3.6 230 174 440 28.6 18.6 47.2 4.9
T3 5.14 7.82 0.0 4.0 28.8 18.2 51.0 26.0 25.0 51.0 6.9
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Figure 2- Treatments layout

1D by abal,
AWD =—C =9 100 )
FC —PWP

s yio LialoxS Cagby s PWP 0 FC o s oS
slecugb, @Y ok dasuie sove | edlaiwl b uotes
A5 s blize (S lo LS 4 00 5,3l

2y g 5lb (s Aby oty 15 p Byl 8b (s (Sl
oy Joeo jl Jlo a6l (Jsbo 0y 035 (665 ol 45 (g lad
St I S e sl B 8 Sl 8515 65, ] 34,
S5 03l Sloj calizes ablis jd iy ya (gly oLl Cas
H3)S dlons sl ya (sl 008 (65 oIl Jobo Lawgie 9 A5
Job el 8l ke (13,5 g b b 0)93 Jsb )3 (res 23
A (gl Wby (6,505l (ly el vty (S ojlnl > asls
9l ed ) p as jhaB (bl ) 505 5k 5 Gieel 98 0 LS
b 6 S o3lul oS lawgs w2 250 Cua

S r el deely b Jolas) dbles Of by aS0) & 4295 L
A S (0 juals 5y g ad )5 18 Lol dile S oS

) cd Ve den 4l 6yl 5l am olo cuiipudyl 3ol )
Sl 30 S 5 Ta T2 (T (6)5-5 Hlowd dw &y bgipo <8
S b gl I Voo oo (ol ey To ¢ JolS d)lﬁ.ﬂ
b 6,500l (cip jlulale mye o S maw jd o duo Vo v)
P Sy Ol Jeilly 9 48) 2 6p98 58T oy sl A5 9y
(o> (S3y05 aba b (slas o SalonS ) s glacagb,
LaS s (53,0 padle 45 8,5 plonl o) oim sl
S S yguods o due YA© Gas 4 ) ya oyl g jals
(amyo y=to YIVO) yio VO X VB Cawg dy <o yd il ) 4
W8S Oypo
A We dggli Lecsyn Al bl laledi aw o (s, b
Cby> 4 (g yim s Vo alold &y (b cdio Ky (clodissd)
o 6oy 5 4 (piSojlis| Trase 6050 X1 Juo TDR Lawss
by 358 Glos! sl (AWD) S oslizal LB T albs lade

1- Available water depletion
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1- Vapor pressure deficit



WA il — oo o 0)lods FY b (S g ol 4,55 APY

ki Glos! ;3 oalisl Jl8 OF 455 9 S Cugh 2 (5,98 Sylesd 5T uilly @525 -F Jgaa
Table 4- Analysis of variance of the effect of salinity treatment on soil water content (SWC) and available water depletion

(AWD)
Slayo (il
S5 obie 14 Mean square
yum Jle (5315 Ay S oo Cugb, S ealiw! JB O adss
Sov df SWC AWD
0-20 20-40 40-70 0-40 0-70 0-20 20-40 40-70 0-40 0-70
l 5 ok * ko kk ko * * *
’,’g’ . 2 386" 2077 242 246" 229 1641.2"" 3133.1° 2672.4° 1790.7° 1969.8
Replication
“S“"tr e’;“ 3 666.2"" 107.6"" 748.5™ 312.4™ 480.4"" 28342.8" 13156.2"" 22954.8" 28611.1"" 114734
/0' I ¥ ) *k *k k% Kk *k *k *k Kk 3k Kk
S _"J’ ol 42 164.1 147.1* 100.5™ 1285 111.57 6982.4™ 21073.5" 9946.7" 97055 10769.7
Time
ol x’l‘_’*’" 126 684 261 570 415 4.78 29158 34513 31320 34540 728.61
StressxTime
Eur‘; 382 5.8 54 108 37 4.2 248.0 716.3 766.0 460.6 777.8
;
il ge () pxe juE 9 o) B 5 ) Jlein] prdaw ;3 (g)ld gize KL i Ay NS ¢
. . 200 100 e -’;ﬂ-j . 240
M — == e — = ___h ......... — g‘*; p L ;I."lfh:'f:“ o ”:‘,I:’ﬁ o E’js
FE g ke L b AL [TEsac el e j* . A 10F 3
N L ERk: ; R L
T I f IR
E § E
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Figure 3- Volumetric soil water contents (a) and available water depletion (b) in different treatments during the growing
season

Bliseo (51 loni )3 9 S & yen Bt S ;3 (%0) oalitiw] B O ads 5 (90) S oo Cugh ) (pSibe dulilo b5 -0 Jgaa
Table 5- Effect of treatments on soil water content (SWC) and available water depletion (AWD) at the various layers

soss O S oalisies! S8 Of 4
Treatment SWC (%) AWD (%)
0-20 20-40  40-70  0-40 0-70 0-20 20-40  40-70  0-40 0-70

To 1806a 14.07a 2046a 16.17a 1813a 2502c 2055c -6.61b 14.69c -48.22b To

Ta 1036¢ 1161c 1226b 10.95c 1155¢ 7524a 4491a 37.88a 65.0la 5440a Ta

T2 10.74bc 11.19c 11.92b 10.95c 11.40bc  72.75ab 50.13a 41.45a 650la 55.84a T2

Ts 1117b 1271b 12.28b 1190b 12.07b 69.96b 31.37b 37.69a 56.94b 4955a Ts
LSDo.o1 0.384 0476 0434 0224 0.353 2450 0469 3005 0469 3.005 LSDoom
CV. (%) 11.05 8.60 1020 6.15 9.35 10.22 8.03 16.07  8.03 16.07 C.V. (%)

LSDoou: Least significant difference, C.V.: Coefficient of Variation el clyus cops :C.V. auo > 6 Jlois] gdaws 53yl gime M3 J3ls L. SDo01
Numbers followed by the same letter are not significantly different (P<0.01)  .5,l5 b ixe M| diun S jtio o K g o5 (olael (g yo

oS 5ys=5 bl s 3 4 SbLS 15 Wl Giagh 55 bl cus seldie gl 4 poS jow 390 )3 35 (V5) )5 9 S S
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Table 6- Analysis of variance of the effect of salinity treatment on shoot and diameter growth and leaf water potential (LWP)

Olayo (uKile
o Mean square
JUE AT ; i Jlo d L gy b pad L &5 gy s sl
sov ‘5; ’ Shoot growth Trunk growth <! Jaily
f Jsb sy sy cem W oRilass  adcemw  (LWP) S,
Length Increase Growth rate Increase Growth rate
)l)SJ i 2 328.4" 1717.6™ 0.007" 144.3™ 0.002m 2.329™
Replication
G e 3 32975  2917.2n 0.047* 663.6 0.005™ 3.893"
Stress
d)ﬁfo-)’l.\sl Ol‘} 42 B _ _ - - 1007**
Time
oles slesd 126 - - - - : 0.041
StressxTime
EUa;; 76 or 382 74.5 748.3 0.003 32.8 0.000 0.032
rror

* Increase (%) was calculated based on increase from beginning of
study to the end of growing season (150day)

# 76 for shoot and trunk growth traits and 382 for leaf water potential
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Table 7- Effect of treatments on shoot and trunk growth and Leaf water potential (LWP)

Shoot growth Jlw aald gudy s asld

Trunk growth &5 gud, s asld

Ol il
Tre)atment om) g *(6) 14 Growt; (m:d'l) 06) 55 ) Trun)lfﬁrow)th (r)r::n d?) o
Length Increase ' Increase in diameter g = 7 LWP (MPa)
rate rate

To 104.17 a 123.68 a 4.15a 53.47 a 0.140 a -1.525a

T1 75.43b 73.70 ab 2.04b 32.38b 0.093b -1.778 b

T2 69.22 c 73.56 ab 1.88b 27.69 be 0.072 bc -1.932¢

LE 62.17 d 4954 b 1.27b 18.31¢c 0.047 ¢ -2.156 d
LSDo.01 4.85 62.13 144 11.73 0.036 0.053
C.V. (%) 23.11 25.13 12.34 15.11 13.63 8.20

* Increase (%) was calculated based on increase from beginning of study
to the end of growing season (150 days)
Numbers followed by the same letter are not significantly different (P<0.01)
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Figure 5- Effect of treatments on trunk growth
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Figure 4- Shoot growth in different treatments during the
growing season
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Figure 6- Leaf water potential (LWP) in different treatments during the growing season
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Table 8- Correlation matrix (absolute value) among the studied parameters (n = 39)
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Introduction: Almond (Prunus dulcis) has an important role in the agricultural economy of north-west of
Iran, especially Azerbaijan provinces. Due to arid and semi-arid conditions of our country, large areas of
cultivated land are affected by salinity. Almond trees have good tolerance to water stress, and are suitable for
such conditions. However, sensitivity of almond trees to salinity calls for special attention to the integrated effect
of salinity and water stress on its water relations. This trial aimed to evaluate the combined effect of salinity and
drought stress on water uptake, vegetative growth and leaf water potential (LWP) of almond trees.

Materials and Methods: The experiment was conducted at the Sahand Horticultural Station located in East
Azerbaijan, Iran (370 55' 43" N, 450 57' 29" E) during 2014 growing season at 7 years old almond (cv Azar)
trees grafted on GF677 rootstock based on randomized complete block design with three replications.
Treatments comprised three irrigation salinity levels viz. 2 (Ti1), 4 (T2), and 5 (T3) dSm™. The soil of the
experiment site was coarse loamy mixed calcareous mesic typic xerofluvents. Undisturbed and composite
disturbed soil samples were taken from three diagnostic layers. Twelve undisturbed core samples were taken
from each layer. Composite disturbed soil samples were air-dried and ground to pass a 2-mm sieve. All the
appropriate soil chemical (Organic matter and Calcium carbonate content, pH and EC, Total N, Available P and K)
and physical (Particle size distribution, natural bulk density) properties were measured by the routine laboratory
methods. Water contents at field capacity (FC) and permanent wilting point (PWP) were determined by the
pressure plate apparatus. After irrigation of all trees with 200 mm water enough for saturating of soil in rooting
depth on 20th of May, the measurements began. The volumetric soil water content (SWC) was measured at three
locations around each tree 30 cm apart from tree trunk at three depths (020, 0—40 and 0-70) using a TDR probe.
During the experiment (20th May till 17th October), air temperature and relative humidity were obtained from the
meteorological site located in the station. The midday leaf water potential (LWP) was measured from the leaves
located in north part of trees close to stem between 12 and 14 o’clock.

Result and Discussion: Results indicated that salinity has significant effect (p<0.01) on LWP, vegetative
growth and remaining water content. The difference between T3 and other treatments was not significant in SWC
more than 8%. Therefore, it is obvious that, at SWC less than 8%, reduction in soil water potential due to
increased osmotic pressure of soil solution in T3 have caused that, trees unable to uptake more water. Therefore,
at SWCs less than 8%, remaining water content in T3 was significantly more than other treatments. Seasonal
averages of annual vegetative growth and increase in trunk diameter in unstressed tree was 104 cm and 53%,
respectively and decreased to 62 cm and 18% in T3 respectively. Seasonal averages of LWP for treatment T; to
T3 were -1.78, -1.93 and -2.16 MPa respectively. Whereas unstressed trees had highest LWP (-1.53 MPa).
Highest and lowest LWP for treatment T; to T3 were -1.20, -1.32 and -1.35 and -2.38, -2.47 and -2.73 MPa
respectively. LWP of unstressed trees was between -1.1 and -2.0 MPa. There was significant negative correlation
between LWP and VPD. The slope of regression equation increased as stress severity increased. This means that,
for a given VPD, leaf water potential was declined with increase in salinity of irrigation water. LWP is affected
by two stresses namely evaporative demand of the atmosphere (atmospheric-induced stress) and unavailability of
water due to the reduction of soil water content (soil-induced stress). In well-watered plants, LWP is affected
only by atmospheric factors (VPD) and therefore the relationship between LWP and SWC should not be
significant as it took place in our experiment for unstressed trees. But there was a significant relationship
between LWP and SWC in stressed treatments (T1 to Ts) because of soil-induced stress. Threshold value of LWP
for initiating stress was obtained to be -1.78 MPa. Based on the threshold LWP, values of SWC for initiating
stress for treatment T1 to T3 can be 10.1, 11.8 and 13.5%, respectively.

Conclusion: Based on our findings, the midday leaf water potential is a suitable criterion for determining
water status of almond trees in the studied area and can be used as an indicator for tree water and salinity
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stresses. Irrigation water salinity had significant effect on LWP. Due to relationship between LWP and soil water
content (SWC), this indicator can be used for determination of soil available water and non-limiting water range
of almond trees. Besides LWP, salinity also had a significant effect on vegetative growth and extractable soil
water content. At high water content, the effect of salinity on extractable water content was not significant. But
with decreasing water content, the effect of salinity increased so that, at SWC less than about 8%, the remaining
SWC in saline condition was significantly higher than non-saline condition (extractable water in the saline
condition was less than non-saline condition). Salinity also reduced soil available water range of almond trees.,
LWP reached to its threshold value (-1.78 MPa) at SWC equal to 10 and 13.5% in non-saline and saline
condition respectively.

Keywords: Soil water content, Stem water potential, Trunk diameter, Vapor pressure deficit
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Table 1- Some soil physical and chemical characteristics used in the experiment
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N (%) P (mg/kg) K (mg/kg) CEC (dS/m) ocC (%) (%) (%) texture
(cmol*/kg) (%)
P9 s
0.0045 6.46 448.87 9.86 7.83 0.95 67.25 18.3 14.47 Silty
loam
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Table 2- Characteristics of humic acid used in the research
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Table 3- Analysis of variance of the effect of humic acid levels, p levels and methods of their application on wet and dry above
ground yield and photosynthetic pigments of canola

C.V (%)
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Application method
St ol gl 2 3753.20%* 115.36%* 7.79%* 0.54%* 12.25%* 0.79%*
HA levels
Sd g5l 4 1600.55** 52.10** 5.14** 0.50** 8.78** 0.50**
P levels
St Aol gglatt pas by,
Application method x HA 4 41.97** 1.71** 0.17** 0.015** 0.29** 0.0004**
levels
yaund zolow # pao g,
Application methodx P levels 4 40.29** 0.82** 0.17** 0.005** 0.22** 0.002**
Sud oot gt Sl sy 127.04% 2.94%% 0.13%*  0.020%* 0.25%* 0.06%*
HA levels x P levels
ailraw blaze ol gl
Interaction tripartite 8 10.38** 0.23ns 0.03** 0.01** 0.06** 0.002**
cetelejl oldl 1.10 0.22 0.007 0.001 0.009 0.00004
Error
(o)l o 217 5.21 2.62 3.82 233 0.76
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ns, * and **: non-significant, significant at significance levels of 5% and 1% , respectively.
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Table 4- Compare of means for interactions of humic acid levels, p levels and methods of their application on wet and dry
above ground yield and photosynthetic pigments of canola

ol eIl 0 0l Suwkd o ;
&f’“’ Cob lop TETOY asdels bgays S 35555
"_9‘&. Hhud Shoot fresh 9 ) Chlorophyl  Chlorophyll hi 0 ah I Carotenoid
Humic acid Levels weight Shoot dry weight | 3 (mg.g1) b (mg.gL) c orop_ly (mg.g)
levels P g (gr/plant) (mg.g?)
(gr/plant)

0 30.69p 5.43m 2.47n 0.63m 3.10n 0.55r

- 0 50 38.97n 7.53) 2.66m 0.69KI 3.36m 0.680
2 100 42.08I 7.47Kj 2.75lm 0.77ifhjg 3.52 0.76l
g\ 8 0 41.451 7.91ij 2.74lm 0.66ml 3.40lm 0.75n
3 5 0.5 50 47.20ih 9.30ef 3.25hg 0.80fe 4.05¢gf 0.85i
YW, = 100 51.95f 9.75ed 3.66¢ 0.90d 4.56¢ 0.969
3 0 50.40g 9.60ed 3.11hi 0.75ihjg 3.86ih 0.76mln
1 50 61.30d 11.54c 3.40fe 0.83e 4.23ed 1.05e

100 72.40b 13.13b 3.73c 1.11b 4.85b 1.19bc

5] 0 29.95p 5.72m 2.290 0.64m 2.930 0.59q
g 0 50 39.49mn 7.60j 2.94jk 0.74iKj 3.68jk 0.680
= 100 43.84k 8.41hig 3.11hi 0.79ifheg 3.90gih 0.80j
?\ =2 0 44.70kj 7.97hij 2.83lk 0.72kj 3.551k 0.78k
=2 0.5 50 52.01f 9.35ef 3.60dc 0.76ifhjg 4.37d 0.89h
3. ; 100 57.34e 10.26d 3.97b 0.95dc 4.92b 0.98f
T § 0 48.02h 9.07efg 3.33fg 0.79fheg 4.13ef 0.76ml
9 @ 1 50 66.50c 12.17c 4.45a 1.18a 5.63a 1.18c
5 100 80.49a 14.18a 4.47a 1.20a 5.67a 1.20a

:3‘ 2 0 31.24p 5.99Im 2.370 0.54n 2.920 0.63p
» s 0 50 34.020 6.761k 2.79Im 0.74ihj 3.541k 0.680
1 = 100 40.83ml 7.68ij 2.99ji 0.79fheg 3.78ji 0.75mn
22 0 41.671 7.74ij 2.78lm 0.64ml 3.43Im 0.78k
- £ 0.5 50 45.67ij 8.72hfgy 3.50de 0.73Kj 4.24ed 0.85i
—31 E 100 49.94g 9.73ed 3.68c 0.92dc 4.81c 0.969
P 0 45 81ij 8.14hij 3.18h 0.79feg 3.98gfh 0.76l
\31 = 1 50 55.70e 10.31d 3.96b 0.97c 4.93b 1.11d
S 100 52.97d 11.66¢ 4.37a 1.19a 5.57a 1.19ba
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Within each column, data with different letters were significantly different at p < 0.05.
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Table 5- Analysis of variance of the effect of humic acid levels, p levels and methods of their application on P concentration in
soil and canola

Ol s oo @313l sy Ol o (Silo
Source of variance df Mean square
'a‘.ﬁ‘ 'i é . l.l.
slgd gl yund Slgd g yopilabw phnd
P Concentration in HCO3_ 05M NH4HCO3 + DTPA
shoots
Sres ) 2 0.001%* 134.85%* 2.82%*
Application method
Seogendel ol 2 0.04** 1462.01** 31.71**
HA levels
s ol 4 0.02%* 647.58% 10.76%*
P levels
Ssogadon gshawt Brae g
Application method x HA 4 0.0001** 16.52** 0.49**
levels
b gl #C8 pas o)
Application method x P 4 0.0001** 13.09** 0.079*
levels
Foud bt Snget ol sl 4 0.001%* 253,38+ 3.84%
HA levels x P levels
aslraw blite ol
Interaction tripartite 8 0.00007** 8.13** 0.093**
ielejl ol 0.000001 1.08 0.03
Error
(o)l g2 0.48 6.41 7.54
C.V (%)

bl oo oy iy 9 S5 Jlein] a3 (g3 Gxe g ()P bxe puE ad S &y i g % NS
ns, * and **: non-significant, significant at significance levels of 5% and 1% , respectively.
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Table 6- Compare of means for interactions of humic acid levels, P levels and methods of their application on P
concentration in soil and canola

St gl 0 a e lal
Ssogd o pafrns st ] g SRS g s Dy 5 pppllabus s
Humic acid P Levels concentrationinshoots -6 5p(mg.kg-)  NHaHCOs + DTPA(Mg.kg-1)
(%)
levels

0 0.16w 8.48mn 1.10no
c 0 50 0.18t 11.24jik 1.27mno
g 100 0.20p 12.03i 1.39ml
18 0 0.19r 14.64g 1.78k
3 s 0.5 50 0.22k 18.98f 2.19gh
W 8 100 0.25h 20f 2.37gf
3 0 0.22m 14.09hg 2.09gih
1 50 0.27e 26.24d 4.21dc

100 0.28c 41.16a 5.24a

© 0 0.17v 7.69n 1.010
i g 0 50 0.19s 8.88min 1.24mno
= 100 0.21n 9.59mlk 1.34mn
15 0 0.20q 10.22jlk 1.41ml
=2 0.5 50 0.23i 11.01jik 1.81jk
5= 100 0.26f 12.59hi 2.07jih
5 3 0 0.221k 12.11i 1.63lk
i ' 15000 8§8a 224957847e ‘ 33§§3d

) .ola .0/C .

‘3\ 2 0 0.17u 8.88min 1.24mno
ol 0 50 0.19s 9.74mlk 1.78k
1 = 100 0.200 11.01jik 1.83jik
» 2 0 0.200 11.72ji 2.07jih
- E 0.5 50 23 15.35¢ 2.35gfh
3z 100 0.25¢ 18.51f 2.62f
59 0 0.22l 12.59hi 2.16gh
3 =z 1 50 0.27d 23.64e 4.29¢
8 100 0.29b 33.58b 4.76b

ol 2oy 0 Jlain] e )3y gxe BME pae (Shled ailiie By > laws o (gl (gt 2 4
Within each column, data with different letters were significantly different at p < 0.05.
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Table 7- Simple correlations coefficients between studied traits

1 2 3 5 6 7 8
Oyl i 1
HCOs 0.5M
192 olabe yiud 0.955** 1
NHsHCO3+ DTPA
o il yaud 0.841** 0.856** 1
% P shoots
a by ,ls 0.740** 0.752** 0.962** 1
Chlorophyll a
TP 0.838** 0.804** 0.929** 0.927** 1
Chlorophyll b
J5 s 0.772** 0.773** 0.967** 0.996**  0.955%* 1
Total chlorophyll
Carotenoid 134:5,5 0.891** 0.896** 0.981** 0.928** 0.925** 0.939** 1

il ge oy gy 9 S Jlein] e 3 (g0 gime g (615 gme juE i 4 i g % NS
ns, * and **: non-significant, significant at significance levels of 5% and 1% , respectively.
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Introduction: One of the most important needs in the farm planning is the evaluation of different systems of
plant nutrition. By supplying the correct way of plant nutrition, one can preserve the environment and increase
the efficiency of agricultural inputs. Humic acid contains many nutrients that increase soil fertility, soil organic
matter content, and access to macro- and micro-nutrients by preventing the formation of insoluble salts and
chelating properties. Phosphorus and humic acid stimulate vegetative growth, improve reproductive growth, and
increase the quantitative and qualitative yield of plants. In this regard, the positive effects depend on the amount
and how they are applied. The present study was conducted with the aim of investigating the effects of different
levels of humic acid and phosphorus fertilizer on phosphorus availability and photosynthetic pigments (a, b and
carotenoids) in canola (cv. Hyola 50).

Methods and Materials: The soil used in this study was collected from 0-30 cm layer of a soil profile
passed through a 2-mm sieve after air-drying. The soil chemical and physical properties were then determined.
The pot experiment was conducted as factorial based on completely randomized design with three replications.
Treatments include phosphorous fertilizer as super phosphate in three levels (0, 50 and 100 mg/kg) and humic
acid in three levels (0. 0.5 and 1 gr/kg soil), phosphorous and humic acid application ways. Humic acid and
phosphorous treatments were mixed in various forms including simultaneous mixing of humic acid and
phosphorous fertilizer in the soil matrix, application of humic acid and phosphorous via irrigation water and
coting of phosphorous fertilizer via solid humic acid before soil application. Then 10 canola seeds were planted
in each pot at 2-cm depth which were declined to 4 plants in each pot after emerging and greening phases. At the
end of the growth period (158 days), the plants were harvested. Determination of phosphorus concentrations of
plant extracts by molybdenum vanadate or yellow method and chlorophyll content (a, b and ab) and carotenoids
were measured precisely before harvesting using Barnes method. After harvesting the plants, the soil was
immediately air-dried and passed through a 2mm sieve. Then, the amount of phosphorus was determined by
sodium-DTPA and sodium bicarbonate. The statistical results of the data were analyzed using SAS software and
LSD test (at 5% level) was used for comparing the mean values.

Results and Discussion: The interactions of humic acid and phosphorus and its application methods were
significant for all measured traits at the 5% level. The results of the triple effects of humic acid levels and its
application at the presence of phosphorus treatments showed that the highest chlorophyll (a, b and ab) and
carotenoid content was obtained at 100 mg/kg phosphorus and 1 g/kg humic acid along with irrigation water.
The highest concentration of plant shoot phosphorus with an average of 0.30% was observed in 1 g/kg humic
acid with irrigation water at the level of 100 mg/kg phosphorus, although had no significant difference with 0.5
g/kg of humic acid with irrigation water. Maximum amount of P was extracted by Olsen method with the mean
of 16.14 mg/kg and Soltanpour and Schwab method with the mean of 5.24 mg/kg obtained in 100 mg/kg
phosphorus and 1 g/kg soil humic acid application. There was a significant correlation between the phosphorus
extracted by Olsen method and Soltanpour and Schwab method (r = 0.95), which was significantly correlated
with concentration of phosphorus (r = 0.84) and (r = 0.85) (P<0.05). There was also a significant correlation
between fresh and dry above-ground biomass, types of chlorophyll (a, b and ab) and carotenoids with
phosphorus extracted by Olsen and Soltanpour and Schwab methods at 5% significance level.

Conclusion: P adsorption capacity is a function of many factors. Application of phosphorous fertilizers in
calcareous soils, due to the presence of calcium with high activity, results in the formation of calcium
phosphates, which becomes insoluble, over time. Humic material in interaction with phosphorus in the soil can
reduce phosphorus stabilization and increase plant available phosphorus. The results of this study showed that
the use of phosphorus with humic acid, rather than the use of phosphorus alone, could increase the available
phosphorus in the soil and also the phosphorus concentration within the plant.

Keywords: Carotenoid, Chlorophyll, Fresh and Dry Weight, Shoots
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Table 1- Physical and chemical properties of soil
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Textureclass Clay  Silt  Sand Ec pH Na Ca Mg K
(%) (%) (%) (dS/m) (meg/1)
= P
Clay loam 32 30 38 1.48 7.52 19 0.03 8.4 1.61
Slag 9 O lond Sluoguas Y Jgaa
Table 2- Chemical properties of water and waste water
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Water type * :)Gw pH Na Mg Ca K
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(dS/m)
Jgero O
Common water 0.58 7 0.9 3.1 2.3 0.09
el
Waste water 14 8.2 1.2 5.2 4.4 0.45
blite Jyono o] 0.57 7.2 0.8 2.95 2.1 0.07
Magnetic common water
prblite by 1.35 8.3 1.1 4.98 4.2 0.38

Magnetic waste water
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Table 3- Variance analysis of effect water type and water correction on the yield, harvest index, water use efficiency and
Productivity Indicators

Sl (1Ske
Ol gty 2slio «d3l anyd Sum of squares
Source of dF Sl 3, Sdos 3, Sdos ol UL 519 858 $19 858!
variance Yield of rough SS9 Cild g ol B o S b gLl
rice Biological Harvest WUE WP (1+P) BPD
yield index
Bifcl: K 2 276543.8™ 12936873™ 14.66™ 0.006" 0.006" 240488.1™
B) ol & 1 1465803 11834574 48 0.002 0.002 95944.08™
Water type
k_)i *x *k Kk Kk
(B) <l ! 7498683 324558521 36.75™ 0.053 0.049 2126050
Water Correction
AxB 1 239701.3™ 4621484™ 14.96™ 0.005™ 0.005™ 188752.1™
Eura-;r 6 460242.5 13388618 9.304 0.004 0.004 148262.8
r

# NS

ns, * and **: Nonsignificant and significant at %5 and %1 level of probability respectively.
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Figure 2- Comparison of the effect of water type and water correction on yield of rough rice
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productivity indicators
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Introduction: Due to limited water resources in the country, the use of new methods of irrigation with low
water consumption seems necessary. Subsurface irrigation is one of the few methods to increase crop water
productivity. Also, in order to cope with the water crisis, unconventional water can be used, in other words, poor
water quality is being applied. There are several methods for improving the quality of water in the agriculture
section, one of which is the use of magnetic fields. The purpose of this study was to investigate the effect of
groundwater table management on reducing water consumption and to investigate the possibility of sub-
irrigation (drainage controlled) with magnetized wastewater of Gorgan urban refinery on rice yield.

Materials and Methods: This study was conducted from May to September of 2018 in Gorgan Agricultural
and Natural Resources University. The experiments were carried out in a lysimeter with a diameter of 30cm and
a height of 50cm. The experiment was conducted as a factorial based on randomized complete block design with
three replications. Treatments included water type factor (ordinary water (C) and sewage (W)) and water
correction factor (magnetic (M) and non-magnetic (O)). To control the water level, two water tanks were used,
one as a stabilizer water table and another to measure the amount of water used. Part of the ordinary water and
wastewater was magnetized using a DC magnetic field generator with magnetic one tesla field intensity.
Underground irrigation was then carried out on the soil columns in which the rice plant was cultivated so that the
water table depth was fixed at 5 cm from the soil surface. The lysimeters were irrigated with ordinary water for
one week, in the second week of treatments were applied. At the end of the growing season, traits such as rice
husk yield, biological yield, harvest index, water use efficiency, physical water productivity and economic water
productivity were determined. The measured data were analyzed using SPSS. Also, comparisons of means were
performed by using the t-test and Duncan tests at 5% level of probability.

Results and Discussion: The results of the comparison mean water type factor showed that there was no
significant difference between the wastewater and the normal water in the parameters of the measurements.
Correction Water showed that non-magnetic water was significant in rough rice yield, water use efficiency,
water physical productivity, and water economic efficiency compared to magnetite, but on biological yield and
harvest index had not a meaningful effect. Also, the comparison of the mean of water type and correction water
method on all measured parameters indicated that the nonmagnetic wastewater was superior to the rest of the
treatments at the 5% level.

Conclusion: This study was conducted to investigate and further study two methods of controlled drainage
management and underground irrigation for rice cultivation with the Gorgan municipal wastewater treatment
plant. Based on the results of the comparison of mean interaction effects of treatment compounds, non-magnetic
effluent was identified as the best treatment composition in this experiment. According to the results of this
research, we can say: Rice cultivation in terms of irrigation does not require the formation of a standing water
layer on the surface of the soil. Also, by using wastewater of Gorgan urban refinery for irrigation water, in
addition to reducing the harvesting of high-quality water resources, the cost of fertilizer use (chemical and
organic) in the production of crops can be reduced. Overall, the results of this study showed that the magnetic
factor had no effect on the improvement of rough rice yield, water use efficiency, physical productivity water
and economic efficiency of water under underground irrigation conditions. However, it should be noted that the
results of this research are only It is obtained by a magnetic device model. Therefore, it is possible that the use of
different models of magnetic devices results in different results. It is also probable that the passage of irrigation
water with different compositions (percentage of cations and various anions) from the magnetometer can lead to
different results on other crops or cultivars of a crop.

Keywords: Controlled drainage, Magnetism wastewater, Rice yield, Sub-irrigation, Urban wastewater
treatment
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Table 1- Physical and chemical properties of the studied soil

P ocC EC Db CEC pH FC PWP Clay Sand Silt Texture MWD
mgkg? % dSm? gem?® cmolckgl - Sisdep Gjgleny % % % - mm
10.8 0.73 0.34 15 21.67 7.82 20 7 15.33 4459 40.08 £ 0.12

:Sand ., Clay «awd P o S SI colin (EC ¢ Ssl8 Jols iabus :CEC (i 52)5 10C g plls jogasio pya Db daailsS1s s S5 5:55ke :MWD™*
=y byl cogloy FC (il (53,03 daiis cosloy IPWP s :Silt oy
*MWD: mean weight diameter, Dy: bulk density, OC: organic carbon, CEC: cation exchange capacity, EC: electrical conductivity, P:
Phosphorus, PWP: permanent wilting point and FC: field capacity.



) Gl 2 395 b Tawgo (weoalS disS (6325950 B 9 powgin )y & AL gils i1

g WBE Lyl )3 dign JS 3,Shos g £l g S I 02,5 BASB had Sje il 2 Bylowi pil edl g 4320 =Y Jgoa

a0

Table 2- Analysis of variance of the effects of treatments on mean weight diameter of the aggregates, organic carbon and
height and total performance in the greenhouse and field conditions

©la e a0be
Mean squares
o1l ey BAASE b 559 cusibe i ce &
o gl Degree of freedom 765 s ol e 2 &
s ¢ veriati MWD (mm) ocC Yield 9
ource of variations (%) © H(EIg;lt
cm
(5] Jlos 5 0022 0.057" 117.28®  89.68"
Treatment (Greenhouse)
R i‘/&)t 2 0.0035" 0.0099™ 32.42™ 11.33™
eplication
ks
Errors 10 0.003 0.0069 56.89 8.13
(45)30) )L“‘-' 3 0.003™ 0.026"
Treatment (Field)
il 2 0.005" 0.0069"
Replication
ks 6 0.022 0.0105
Errors

0l Jloyi COS g,y L asyjo byl (glyy allaSBE Jlad S5 (ke (sloodld aidl oo doyd V e 53 Jb3 gime 15U g )b cize 15U pas odizd )L iy ** 4 NS

ol

ns, and ** indicate not significant and significant at p < 0.01, respectively. The mean weight diameter of the aggregates data for field
condition normalized with cos transformation.
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Figure 1- The mean comparison of the effect of different treatments: in greenhouse condition on (a) Plant height, (b) Total
yield, (c) Organic carbon (d) Mean weight diameter of the aggregates
M, MB, B, S, C and CN, show mycorrhiza, mycorrhiza - rhizobium bacterium, rhizobium bacterium, sterilized mycorrhiza
background material, control with plant (non-inoculated) and control without plant (non-inoculated). Similar letters on the columns
indicate no significant difference at P < 0.05 based on Duncan’s multiple mean comparison. The vertical line on bars shows the
data’s standard deviation.
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Table 3- The results of analysis of variance of the effects of treatments on the mass of aggregates with different sizes in the
greenhouse and field conditions

Olayo (1Kile
i Mean
NHPCYY
$ITE squares
Degree of 0.25-
i o freedom 4-2 2-1 0.5-0.25 ' 0.15-
o 8-4 1-05 0.15
Source of variations (mm) 0.053
(L) jlas
Treatment 5 0.076" 0.18" 0.12™ 0.20™ 0.57™ 1.82" 2.69"
(Greenhouse)
"_’SJ . 2 0.034" 0.028" 0.0072™  0.028" 0.29™ 1.86"™ 3.37m
Replication
ks 10 0.027 0.041 0.017 0.033 0.20 0.81 1.69
Errors
()5) )L"“ 3 0.023" 0.076"™ 0.047™ 0.23™ 0.50" 2.95m 0.30™
Treatment (Field)
)l’& 2 0.51" 0.076"™ 0.032™  0.076™ 0.30" 0.35™ 0.03
Replication
ks
6 0.31 0.11 0.0058 0.12 0.48 2.03 0.50
Errors

Sl oo doyd N e 3y gime JRIRUNRY ) aw yo b pxe PRI WSRY e ) b gize 23l pae oaims (L5 (s g™ o * NS
ns, * and ** indicate not significant at P < 0.05, significant at P < 0.05 and P < 0.01, respectively.



9.0

Gtk 2 9956 b Tamgo wgosls 4igS (325850 3B 9 powain)y 5L udili

12

oM
BS

EMB @B

10 BC  OCN

(6,5 b @S 5>

Mass of aggregates (g)

(@)

(o shoo) b wlas> o5l
Size of aggregates (mm)

(b) a

q;@ 11 ab

a

s £

3 o 0.8 -

3 q

5%

- g

n B 06 -

g ik

43 o

b “1 1

"8 -
= 0.2 —

M

e
Treatment

35 (0) 9 0511 illisee 5l WS 45 Ko sS 9 Cudlyd GLAIISK 0y (8) g3 WIS Loyl o 3 Cilien gl lows 5T (uSlao danmliio —F S0

oo VB Y LAl 0,0 2 as 50 byl

5 (el (yam) oS L sols 3 )550Le 00 (g5t Jlosd pamginy S3SL pamsiny S 5 1)0S0ke di)sile slasi edimdlis 5 4 CN yC S B MB M

Jopd O o 50 b xe BB 2959 pas oniad LS w0jlul gla WwMS 3l plas 1o 13 b ygiw Sl Sy g5y p dlie gy D939 Al oo (il yas) oS o Aol
ol Loy 35kl Blyool oiad LS eiw & (g9 » (43908 bglad bl o ojlul LS “j sbjlos o S L’)’o)"l
Figure 2- The mean comparison of the effect of different treatments in the greenhouse condition (a) the mass of macro and
micro aggregates in different size classes and in the field condition (b) on mass of aggregates of 1-2 mm
M, MB, B, S, C and CN, show mycorrhiza, mycorrhiza - rhizobium bacterium, rhizobium bacterium, sterilized mycorrhiza

background material, control with plant (non-inoculated) and control without plant (non-inoculated). Similar letters on the columns

indicate no significant difference at P < 0.05 based on Duncan’s multiple mean comparison. The vertical line on bars shows the
data’s standard deviation.
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Introduction: Stability of soil aggregates is a result of complex physical, chemical and biological processes
in the soil. In many studies, organic matter has been studied as a major factor in formation of aggregates and the
effects of symbiosis between mycorrhizal fungi and bacteria largely ignored, however these microorganisms
have a great effect in the formation of the aggregates. Plant roots provide a suitable habitat for the activity of
many soil microorganisms. In this regard, the symbiosis of plant roots with fungi is one of the most common and
long-lived symbiotic relationships that are found in most ecosystems. On the other hand, biological fertilizers
can improve soil aggregation through influence the growth of root and plant. Despite the significant effect of
fungi and bacteria on the stability of the soil structure, the effect of arbuscular mycorrhizal fungi species Glomus
mosseae and Rhizobium species Mesorhizobiumon caesar on the soil structure has been rarely investigated.
Therefore, the aim of this study was to evaluate the effect of chickpea inoculation with Rhizobium
(Mesorhizobium caesar) and mycorrhizae (Glomus mosseae) on soil structural stability and aggregates size
distribution under both greenhouse and field conditions.

Materials and Methods: The present study was conducted as a randomized complete-block design with
three replications in both greenhouse and field conditions. The treatments under field condition were mycorrhizal
fungus (Glomus mosseae), Rhizobium (Mesorhizobium caesar), mycorrhizae — rhizobium combined treatment
and a control (no inoculation). In the greenhouse condition, sterilized mycorrhiza background material and
without plant (without inoculation) treatments were also added. Chickpea was planted at both conditions. Soil
sampling was carried out after harvesting. The stability of aggregates using wet sieving method and soil organic
carbon content were investigated.

Results and Discussion: Greenhouse study results showed that mycorrhizae treatment significantly
increased the mean weight diameter of the aggregates by 51.6% and 189.1%, in comparison with the control
(without inoculation) and control- without plant (without inoculation), respectively. This treatment increased
macro aggregates and decreased the fine aggregates. In the greenhouse condition, soil organic carbon content
had a high correlation with the mean weight diameter of the aggregates (R? = 0.53) and mycorrhizal treatment
increased organic carbon content from 0.73% in the control (without plant) to 1.02%. However, the mycorrhizae
— rhizobium combined treatment had less effect on the stability of the aggregates than their single effects. The
mass of aggregates of 1-2 mm are more sensitive to short-term management. In the greenhouse condition all the
three biofertilizer treatments significantly increased the mass of the aggregates of 1-2 mm in comparison with
the control treatment without plant (without inoculation). On the other hand, the mean comparison results
showed that there was no significant difference between the sterilized mycorrhizal background and the control
without plant (without inoculation). This may be due to the lower organic matter content in these two treatments
compared to others. In the greenhouse condition, increasing the mass of coarse aggregates of 4-8 mm in diameter
indicates the suitability of soil structure. On the other hand, aggregates coarser than 0.25 mm are considered as
coarse and stable aggregates. It can be concluded that the application of mycorrhiza and rhizobium increased soil
structural stability through the increase of the mass of these classes of the aggregates (2-4 and 4-8 mm), probably
by affecting the length and volume of the root and plant yield. Under the field condition, the treatments had no
impact on the mass of the aggregates in different size classes.

Conclusion: Bacteria and fungi can be effective factors in improving soil structure through increasing
organic carbon in soil. The results of the present study indicated that aggregate stability was affected by
biological fertilizer treatments under greenhouse condition so that the treatments containing biofertilizers
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increased soil aggregate stability and improved the soil structure that was probably due to increasing plant yield
and root. Also, the less effect of biofertilizers on the stability of the aggregates and the increase of coarse
aggregates under the field condition can be due to the uncontrolled climatic conditions compared to the
greenhouse and the short duration of the study. In recent decades, the physical and chemical properties of soils
have changed due to the use of chemical inputs in agricultural lands.The use of biological and organic fertilizers
is an appropriate solution to these problems. It is recommended further study on the efficacy of other species of
mycorrhizal fungi and rhizobium bacteria in improving soil physical and chemical quality, especially at the field
scale. Also, considering the implementation of this project in the field condition, it is suggested to study the
physical, mechanical and chemical properties of soil in the long term.

Keywords: Biofertilizer, Mean weight diameter, Organic carbon
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Figure 1- Geographical location of the study area in the Kurdistan province, Iran



AN Sl gl gl 50 g 45 S35 50 Sz SB olead slo Shg 5 2 32 (T 1

sl Jod ol Ul ola mda s jd oSSl diels win L’)}o)']
A5 odlil (0=0.01 4 0=0.05)

(P) 03> Ja8 J5usd 9 (N) IS 039555 (C) AT S

g Wgs SLE 53 (59,5 9 ()5 )l o8 3 (LS b
L s SO0 Caundge 50 (p)S sliin] 4y cunBgo ¢y )0 didgu
Sladew SIS )8 (P> )) sy gyl bme gy )08
U je did g S1B 10 0oy ANVD & a8 SO0 50 duopd £/
a3 gw SB 3 doyd /¥l 5 (Y SKE) caly 5l
Lol cdl yiol38l 2U 5o didgw SB )3 doyd «/FY & a5 S5
e Liolidl b uisen (oY JSG5) 250 5 dxe cgles oy
L ogob ol did g s S L duslio o didgw SB 1) yousd
Yhwd Yoo iy Ad aiwlS ] lade 4 Sonp ) alols
948 S ab g SLS 3 (pS S )3 oS (e WWI/HA)
0 4 ST 3 (o 55 13 5.5 Lo FOIPY) o e (350
93 )0 35350 yowd i de uSle po BMB] LS (g uS0jlul ZU
Nl 5y 9 48 S35 Cusdge 93y )3 dibgus g dbgw S
Wi ol (g Y JS) d9m (P<A/+Y) s mine (gLl Ll
Mo o gL Sy g 4l S35 Casbgo 93 45 0l (L i)l
() Jgie) cels ()l dme 51 jaud g ()39t e

o g 0dd Sl (2LS (SLlE b w8 Bk Sl S
oialS gty ool ol (V) 355 o SB o I slge xess
o Il oS il b s adgw SB 1y JTop)S
o3lo oS 59 b g 08 2905 J> 4 Sl o (g 5]
= Al (glaallas 5 (1) 3L 1Sl & o] s 5
0a obiljow SB 3 p,S Jlade YL oS5 sla K S
wlos i1y ol ialS aiomen 9 3L,5 ko a3 )3 0+ sled |,
(YY) 05,8 5,155 YL & ol )5 ol ds 0 VY-

A 5l o3k e plor saodss (g)> oSl e S )
G b alacsipw il 4 oo S5 o 315 3y Jluzdl LB
Gillae cnlplr (7)) 3925 Laodgi Sl )l 4 Cos bawgio 5 YL
S Cumdge yd aidgw SB JI p)S Jlbe iagh ol s
i1 a9 Y g el B slge e 39 YU > 0 a5
sbed > gyt Glal Bl Ol Sdagl 5l (B 09 26 e ) 1S
O3S L YL lales p3 o jialS s g 3,5 il 4> Yoo
lod 90 ol Gles o 1y SialS cpl Jdo (Ve g V+) ol
48 Sl (gdan Slgae Sl (S (39558 1325 )5 Ole ke e
2 OFars demal (V0) aibie 315 o pd i cp i
Gpao Josle Hlade g S (slod 4 puituns yobo 4y (yBgu Jobo
rerem )‘ o= YW O u)l)...u ]a;l).w Lol c.))b Ui..uu o

W yg; g dlge

S g kS VB 53 alye sl sy iz caalllas 390 dilaie
Job 3 adlate ool g liwd S Gl 13 @ly g ye Gl e
eyl b g YOO YO  VF” Lldlas o,e 9 ¥FC YA Lélas
A¥ (S0l (6l ol oais x8lg Ly pda s 51 20 YO
Jadlaie CE by A3l oo 203 BY (oo Cashy) g ylo e
(Quercusinfectoria Oliv.) b5l ¢(,19,1) () bols 4565 aw
Oiored ol 0ad Sy (Quercus libani Oliv.) Jsess o
el ol sLnaisS 5 35 3a5La 1,551 S (ol gy JSCs
olyod 4355 & pg0 s ping sPUI g S5 oSS g
() )b 29

S slaSig oSe lal 5 gl pasgas Gl
i Led WAS JLuw olo 330 )3 dulllas 590 ddlaie
adlaie ) ol g didgw adlaie I uojl I s g odd W
290l yie VO Job a4y (Sl il bghad g9) g 4S9
SIS aged 93 ldgp 850 (nF S35 pj > e T Jols
0 Ges ) gL e g (e le Bt ) 48 S35 alold g
dyge 3 b Cudldy o yi5T 2S5l e atdn S 39 < pio Sl
Sl aS as g w dalaie jybro j0 Hbgp C3 > Al A 35 sl ddkie
L 550 5 ol i aslo Slgo o 3l,S5 Ll blod
Wged S CB D Al pj 0 g bl widg dlie did g ddlaie
el 1= Gos 3 glS Sy ) dsged Sy g AT S35
4905 V5 Eaasme ) Cplpll b Cublyy did guw dilate b lojen
S ladiges ab Cubldy didgus S dges V5 5 did g SB
Ologad g 8ad 0051,35 (oo deo ¥ SISl 5 cdloy 5l
A S o S 5 (Sl gy 4 I 8 Jol oloasss
ol BB Haud 5 Sl gl ol jl ookl b JllxS” s
KR ‘_g)_afoﬂ.b‘ )»Ay39)&w4| oK )‘ oslaiwl l) 9 oua‘ O“’9)
il gy 4 opied BB palty 5 mjsie quaedS” Gozen (14)
Colin 9 pH ‘)"“’9_‘30‘—13 o Kiwd )1 odlawl (9 9 (\C') P?“"?‘J
8 posiliy o9y A g VIO &\ Caad L g jlaio Ol po (Sl

LAb (g pSoslul (FY)

Lasals Julal g dajad
L ¢ Excel 2016 4 SPSS 16 (sla)l5éle 5 51 ol b Laosl
Gizs ol 0 0 o g i Bolal MelS )b 5l eolatul
g S galS 9ol laogs Livedls (39 JLoyi (oot J| oy
§ S Cleopas Syt s 5 0525 sl & Sogipeand
 LneSilas duslin lyr 5 (ANOVA) 8o S, (il y 4155



AN il — o oF ojlod FY al> (S g ol @i VP

H Burnt ..

B Unburnt «s..

Position

)sz.wB
Posphorus
(mg/Kg)

[EEN
o
o

al
o

P<e/e) g 13 295 508 52,3 (V) ZU 550 9 (V) 45 S35 Cunige s S phand g (359 55 015 nlo gl - JSU
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Table 1- Analysis of variance of soil parameters in two positions (near tree trunk and crown boundary) in Persian oak trees
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Introduction: Fires are natural processes in many ecosystems, constituting a natural, even vital, component
of forests. Fire can change the soil properties depending on its severity. In semi-arid regions, the effects of fire
are more vigorous in comparison with other regions. In these regions, forests restoration is much more difficult
especially in the summer when temperatures reach maximum levels and cause fires that reduce soil nutrients by
burning organic matters and vegetation. Since the frequency of fire events in Zagros oak forests have been
increasing in recent years, therefore, in this study, the chemical properties of soil investigated immediately after
fire. Most wildfires in these forests are surface fires with low-to-moderate severity due to low forest density,
great distances between trees and few forest floor plants.

Materials and Methods: The study area is located in Kurdistan Province, western Iran, around Marivan that
has been burned in July 2017. One transect was installed on the contour line with 250 m length on the burnt
slope. Eight Persian oak trees were selected at 30 meters interval. Two soil samples were collected in each tree
from depth of 0-5 cm. The two positions of soil samples including: the first one was 50 cm far from the base
trunk and the second one was on the edge of tree crown border. In the control area, eight Persian oak were
selected in the adjacent area of burned area with same topographic and plant conditions and soil samples were
collected same as burned area. Finally, soil organic carbon (SOC), Total nitrogen (TN), available phosphorus,
potassium, calcium, magnesium, pH, and EC were analyzed.

Results and Discussion: The results of this study showed that fire has a significant effect on soil properties,
so that organic carbon reduced and amount of available phosphorus, calcium, magnesium and potassium of soil
increased in burned soil. Organic carbon decreased significantly (P<0.01) in the burned soil in comparison to
control treatment near tree trunk while it did not have any significant difference in the border of tree crown. The
lowest Organic carbon was 6.19% in burned soil near tree trunk and the highest 9.15% in unburned soil in the
border of tree crown. Total nitrogen did not show any significant difference between all treatments. Phosphorus
increased significantly after the fire in the burned soil by comparison with control in the both positions. The
increase of available P in soil after fire can be due to added ash as the fire partially and completely combusted
plant debris in the soil. The highest phosphorus was 130.08 mg/kg in the burned soil near tree trunk and the
lowest was 65.67 mg/kg in soil of control area in the border of tree crown. Cations including Ca, Mg and K were
significantly higher near tree trunks in burned soil compared with control area, while only Ca and Mg of soil
showed significant differences in the border crown position. The pH of burned soil was 7.62 and 7.05 near tree
trunk and border of tree crown, respectively, and it was 7.15 and 6.89 near tree trunk and border of tree crown,
respectively, in control area. The EC of burned soil was 1.70 mS/cm and 0.66 mS/cm near tree trunk and border
of tree crown, respectively and it was 0.44 mS/cm and 0.54 mS/cm near tree trunk and border of tree crown,
respectively in control area. One-way ANOVA showed that two positions of soil samples had significant effect
on all soil parameters except nitrogen. In the Zagros oak forests, there are a lot of flammable materials inside
stands, which can lead to low and medium intensity fire .According to the results of this study, the amount of
organic carbon of burned soil near tree trunk was less than the crown border because of high accumulation of
flammable materials and high fire intensity.

Conclusion: In general, it can be concluded that wildfire causes significant changes in chemical properties of
forest soils. Changes in the chemical properties of soil between burned soil and control area differed with
movement from tree trunk to border of tree crown, so that the amounts of phosphorus, potassium, magnesium,
calcium, acidity and electrical conductivity were reduced and the amount of carbon increased. Hence, it seems
that properties of soil burned has diffiered by moving from the tree trunk to the border of crown trees probabley
because of the differences in the amount of accumulated litter, consequently has an effect on the characteristics
of the soil in different postions.

Keywords: Forest soil, Northern Zagros oak forest, Tree crown, Wildfire severity
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Evaluating the Ability of Grapevine Cultivation
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Determination of grape cultivation areas in Iraninin
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Figure 2- Conceptual Model of feasibility of grape cultivation using Analytical Hierarchy Process (AHP) method
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Table 1- Pairwised comparison of the main criteria for determining suitable areas to grape cultivation

sl bag! ud Sl ny 039
Climate conditions Topography Relative weight
el 1 5 0.833
Climate conditions
i . 1 0.167
Topography
0 55kt g5

Inconsistency rate (0)
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Table 2- Pairwised comparison matrix of climatic sub-criteria for grape cultivation

wloywils A5y 0p90 gled 3555 0)93 slod Lo s o C"""‘:‘ ) u:*).h . s o
Chilling Growth Dormancy Absolute Absolut 2] e Precipi Rélative
Require period period minimum SOUle  ginshine  Relative  tation weiaht
ment Temperature Temperature maximum i 9
p p temperatur hours humidity
. temperature
Loy 3L
_ .g_d s )”. 1 2 4 3 4 7 7 7 0.317
Chilling Requirment
Ay 0y9d (sled
Growth period - 1 3 1 3 7 7 6 0.210
Temperature
355y 0y90 (glod
Dormancy period - - 1 1 2 5 5 5 0.127
Temperature
Lo> (sllas dieS’
Absolute minimum - - 1 3 6 6 3 0.155
temperature
o> 3lao diniy
Absolute maximum - - - - 1 7 7 1 0.093
temperature
ksl lelo
< - - - - - 1 2 2 0.034
Sunshine hours
el Sy - - - - - - 1 1 0.025
Relative humidity
5L
ut - - - - - - - 1 0.038

Precipitation

(0.07) 5,55t
Inconsistency rate (0.07)
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Table 3- Pairwised comparison of chilling requirment for grape

>1200 800-1200 400-800 0-400 ‘-"‘“"’ 059_
Relative weight
>1200 1 3 5 7 0.569
800-1200 - 1 3 5 0.264
400-800 = = 1 2 0.106
0-400 - - - 1 0.061

(0.03) 555l &5
Inconsistency rate (0.03)
Ol 05 33 alogw 3 Y Olasuin -4 Jous
Table 4- Charectristics of the chilling requirment layer over Iran

&3, oW Curdg ke j9
Row Class Condition Absolute weight
1 >1200 e 0.150
Excellent
&_AMJL;A
2 1200-800 T 0.069
Appropriate
3 800-400 i 0.027
Weak
4 0-400 sl 0.016

Inappropriate
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Table 5- Pairwised comparison of the dormancy period temperature
(November to March) for the grape

03 47 710 >10 _ <O
Relative weight
03 1 2 3 4 0.462
4-7 - 1 2 3 0.274
7-10 - - 1 3 0.178
>10 - - - 1 0.086

(0,03) 5,55t &y
Inconsistency rate (0.03)

33N )3 (gl (wylo U paolgi (glaolo) 395, 0,90 (gled (3uSilae 4 Wlasuiiio -6 Joua
Table 6- Charectristics of the mean temperature of the dormancy period (November to March) for the grape

@3y WS Cuxdg ke &j9
Row Class Condition  Absolute weight
1 03 e 0.048
Excellent
2 : el 0.028
Appropriate
3 7410 e 0.018
Weak
4 510 truelisls 0.009

Inappropriate
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Table 7- Pairwised comparison of the growth period temperature climatic sub-criteria for the grape

>26 24-26 22-24 20-22

>26 1 1/2 1/4
24-26 1 1/3
22-24 - 1
20-22 - -

<20 - -

<0 _ umson
Relative weight
1/5 1 0.077
1/2 2 0.148
2 3 0.391
1 4 0.298
= 1 0.087

(0.02) 5,55t &y
Inconsistency rate (0.02)



031 oldl Lyl bl s oyl 3 Sl iy oS ominagylss

39S ghaw 5 59501 Wy 893 (Glod LconlBl jlre 515 Y Olasuivn -8 Joua

Table 8- Characteristics of the layer of the growth period temperature sub-criteria over the country

@3y WS Cuxdg ke &j9
Row Class  Condition  Absolute weight
1 526 lial 0.013
Inappropriate
> 2426 @ ® 0.025
Medium
3 22-24 S 0.068
Excellent
4 20-22 ki 0.052
Appropriate
5 <20 i 0.015
Weak
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Table 9- Pairwised comparison of the absolute minimum temperature for the grape

0--10)  (10)—(-20) (-20)—(-30) < (-30) Rel‘;;\‘li ‘ﬁght
0-C10) T 7 3 5 0.483
(10)- (20) - 1 2 3 0.272
(-20)- (-30) - i 1 2 0.157
<(-30) i i i 1 0.088

(001) (5,85l &5
Inconsistency rate (0.01)
39S gelaw 53 bod (3lhe wiseS 4 Ciladuivo =10 Joua
Table 10- Characteristics of the layer of the absolute minimum temperature over the country

iy, oW Curdy Blbe (o9
Row Class Condition  Absolute weight
S
1 0-(-10) 0.062
Excellent
&_A.MJL;.A
2 (-10) - (-20) o 0.035
Appropriate
bgio
3 (-20) - (-30) ’ 0.020
Medium
4 <(-30) (ruelisls 0.011

Inappropriate
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Table 11- Pairwised comparison of the absolute maximum temperature sub-criteria

35-40 40-45 45-50 >50 35-40

@ 039
Relative weight

3540 1 3
4045 - 1
4550 - -

>50 - -

6
3

1

0.576
0.264

0.108
0.052

7
6
3

1

(0.05) (5,55t &y
Inconsistency rate (0.05)
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Table 12- Charectristics for the absolute maximum temperature over the country

3y W Cardy ke 39
Row  Class Condition Absolute weight
1 35440 ki 0.044
Appropriate
2 4045 bgie 0.020
Medium
3 4550 rlial 0.008
Inappropriate
4 >pp Wbl 0.004

Inappropriate
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Table 13- Pairwised comparison of the precipitation climatic sub-criteria

>700 400-700 200-400 <200 o 059_
Relative weight

>700 1 5) 7 9 0.665
400-700 - 1 3 4 0.195
200-400 - - 1 2 0.086

<200 - - - 1 0.053

004) 5,556 g5
Incsonsistency rate (0.04)
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Table 14- Charectristics of the precipitation Layer

3, W Cardg Glhae (o9
Row  Class Condition  Absolute weight
1 >700 e . 0.021
Appropriate
2 500700 @ % 0.006
Weak
3 300500 o 0.002
Inappropriate
4 <300 bl 0.001

Inappropriate

ot Cuaghy (29 dwalio—15 Joua
Table 15- Pairwised comparison of the relative humidity

>50 40-50 30-40 20-30 <20 il ‘359_
Relative weight

>50 1 1/3 1/4 1/3 1/2 0.073
40-50 1 2 3 4 0.395
30-40 - 1 2 3 0.268
20-30 - - 1 2 0.164

<20 - - - 1 0.100

(0,04) &b
Inconsistency rate (0.04)
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Table 16- Charectristics of the relative humidity layer

3, W Candy @lbe (o9
Row Class Condition  Absolute weight
Cusliols
1 >50 ) . 0.0020
Inappropriate
Je
2 40-50 0.011
Excellent
3 3040 T 0.007
Appropriate
Iﬁ“ .
4 2030 ~ 0.004
Medium
5 <20 = 0.0028
Weak
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Table 17- Pairwised comparison of Sunshine hours climatic sub-criteria

2500< 2000-2500 1500-2000 1000-1500 o 059_
Relative weight
>2500 1 2 3 3 0.448
2000-2500 - 1 2 3 0.283
1500-2000 = = 1 2 0.164
1000-1500 - - - 1 0.106

(0,08) (5,5 5Wsb &
Inconsistency rate (0.08)
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Table 18- Charecteristics of sunshine hours layer in the country

G, Cardg ke 339
Row Class Condition Absolute weight
S
1 >2500 0.009
Excellent
culie
2 2000-2500 T 0.005
Appropriate
g
3 1500-2000 ’ 0.003
Medium
4 1000-1500 el 0.002

Inappropriate

Ul b (B S09 Gylono 5 (295 A lia- 19 Jouo

Table 19- Pairwised comparison of topographic or geographical sub-criteria

euws o o (039
Height Slope Relative weight
&) 1 4 0.8
Height
et - 1 0.2
Slope
() B3t g5

Inconsistency rate (0)
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Table 20— Pairwised comparison of the elevetion (from the sea lelvel) sub-criteria

>1400 1000-1400  600-1000 200-600 <200 bl ‘)5_9
Relativ weight
>1400 1 1 3 5 5 0.329
1000-1400 = 1 3 7 9 0.402
600-1000 - - 1 3 5 0.159
200-600 = = = 1 2 0.067
<200 - - - - 1 0.043

(0,03) 5,55t &y
Inconsistency rate (0.03)
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Table 21- Charectristics of the elevation(from thr sea level) layer over the country

3, oW Cardy Glhae (39
Row Class Condition Absolute weight
1 >1400 reolie 0.043
Appropriate
2 1000-1400 e 0.053
Excellent
Lo i
3 600-1000 Medium 0.021
-~
4 200-600 - 0.008
weak
5 <200 el 0.005

Inappropriate

(300 3 o ) ol (Ll i Jlro 15 (295 Ammililo -22 Jgo
Table 22- Pairwised comparison of the slope (in percent) sub-criteria

>20 10-20 5-10 0-5 - 09
Relative weight
>20 1 172 13 172 0.124
10-20 - 1 12 12 0.194
5-10 - - 1 1 0.356
0-5 - - - 1 0.326

(002) (6,85Lsbs ¢ 5
Inconsistency rate (0.02)
W jlre p1 Gloie 4 Cad ¥ Olasuie -23 Jgaa
Table 23— Charectristics of the slope layer as a geographic sub-criteria

@, o Cundy o oj9
Row Class Condition Absolute weight
1 >20 *‘“"‘U_ 0.004
Inappropriate
Iﬁu -
2 10-20 7 0.006
Medium
3 5-10 e ) 0.011
Appropriate
4 0-5 lie 0.010
Weak
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Figure 3- Spatial distribution of climatic sub-criteria and suitable areas to grape cultivation in Iran
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Introduction: In order to choose the best forms for each region and invest, the climatic conditions should be
considered. Among the climatic elements, thermal indexes are effective factors in the production cycle, and the
quality and quantity of grapes. Given the lack of water resources and the threat of climate change, there is a need
for potentiometry and clustering of different regions.

Materials and Methods: According to the content and purpose of statistics and information, the hourly and
daily climatic data of 200 climate stations were used. In order to compute the required chilling, the CH model
was prepared and implemented. According to daily and monthly statistics, climate parameters were refined and
investigated. We used a weighting method based on hierarchical approach for accurate decision making and
identifying the relative importance of climatic criteria for grape cultivation. For the following climatic criteria,
the information layer was arranged through a database of 200 meteorological stations of the Iranian
Meteorological Organization. For the following geographic criteria, layers were used in the country. In order to
determine the suitable areas for planting grapevine, using the Analytical Hierarchy Process (AHP) method in the
Expert choicell software environment, the criteria and sub criteria were weighted. Then, using the Geographical
Information System, the layers were overlapped based on their weight and the final land suitability map for
planting grapevine in Iran was obtained based on climatic conditions.

Results and Discussion: Pairwise comparison of criteria and sub-criteria based on hierarchical analysis
showed that the criterion of climatic conditions with a weight of 0.833 was considered as the most important
criterion in determining suitable areas for grapevine cultivation. Pairwise comparison of the climatic conditions
criterion indicated that the sub-criteria of 0.317 were the highest among the sub-criteria in the grape trees.
Temperature sub-criteria exhibited the greatest weight during the slump and growth period. Paired comparison
and spatial distribution of the climate-chilling showed that a large part of the country does not supply winter
creeps or cold storage for grapevine trees. The southern half of Iran is entirely unsuitable due to the existence of
mild winters for commercial cultivation of creeping trees such as grapes. Paired comparison and spatial
distribution under the climatic criterion of the slump period demonstrated that largest spatial distribution is
allocated to the middle class in the margin of highlands and high latitudes regions. Paired comparison and spatial
distributions under the scale of the growth period illustrated that the spatial pattern in this sub-criteria is highly
dependent on the altitude and latitude. From the north to the south and from the west to the east, the suitability
for growing grapevine decreases. Paired comparison and spatial distributions under the climatic criteria of
absolute minimum temperature revealed that in terms of absolute minimum temperature, there is a limitation on
grapevine for some regions of Iran. These areas are mainly mountainous belts of the Zagros mountain, the
northwest cold region and northeastern Iran. Paired comparison and spatial distribution under the climate criteria
of maximum air temperature showed that temperatures above the threshold of 40 degrees Celsius adversely
influence the quality and yield of grapevine. In fact, in terms of absolute maximum temperatures, more than half
of the country's surface area is unsuitable. Paired comparison and spatial distributions under the geographic scale
elevation above sea level showed that suitable altitude areas are limited to the high and mountainous regions of
the northwestern, northern, and northeastern Iran. Paired comparison and spatial distributions under the relative
climate of relative humidity indicated that due to the relative humidity of the grape vine compared to many fruit
trees, the relative humidity in Iran is high for the grapevine tree. Paired comparison and spatial distributions
under the climatic criteria of sunshine hours illustrated that the distribution of sunshine hours affects the latitude
factor causing an increase in sunshine hours from north to south. A wide range of growing fruit trees in terms of
sunshine days can be found in Iran. Therefore, most regions in the country provide unlimited solar radiation for
grapevine growth. Paired comparison and spatial distributions under the geographic scale elevation above sea
level showed that altitude plays an important role for locating vineyards. Suitable high-altitude areas are limited
to the high and mountainous regions of the northwestern, northern, and northeastern Iran. Paired comparison and

4, 2 and 3- Ph.D. Student of Agro Climatology, Associate Professor and Assistant Professor, Faculty of Geography and
Environmental Sciences, Hakim Sabzevari University, Sabzevar, Iran, respectively.
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spatial distribution below the gradient geographic scale showed that planting fruit trees, especially grapes, is
more cost-effective in steep slopes. Considering the high adaptability and physiological conditions of the
grapevine, almost all regions of Iran, except very high and mountainous regions, are suitable for planting grapes.
Suitable vineyard cultivars are adapted to the slopes of mountainous and relatively high mountainous regions in
the mid-west, northwest, northeast, and scattered areas of the center, east and south east of the country. The
range of cultivating grapevine trees is 42% of the country’s surface area.

Conclusion: The results revealed that the climate criterion has a pivotal role for determining land suitability
for grapevine trees. The suitable vineyard cultivars are located in the mountainous and relatively hilly mountains
in the northwest, northwest, northeast, and dispersed areas of the center, east and south east of Iran. These
findings are important for land use planning and spatial planning with emphasis on climatic and geographic
capabilities for efficient use of natural resources.

Keywords: Climatic condition, Grapevine, Land suitability
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1-  COrdinated
EXperiment

2- Standardized Precipitation Index

3- Standardised Precipitation-Evapotranspiration Index
4- effective reconnaissance drought index

Regional climate  Downscaling
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Figure 1- Geographical location Afin sub-basin
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3- Exploratory Factor Analysis
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Table 1- Different classes of drought index SPI, SPEI, eRDI
(SPI: Mckee etal,1993, SPEI:Vicent-serrano etal, 2010, eRDI: Tigkas rtal, 2017)
Describe the situation  Indicator classes

b dogi ab sl
Extra severe wet More Than 2
20 s Jlas SRR

Severe wet
215 Jluy 15-1.99
Moderate wet
Lagie oy 1-1.49
Normal
Jley -0.99-0.99
Moderate drought 1.49- -1
Severe drought 109 - 15
Lad Jlsis ' ’
Extra severe drought Less Than-2
b A Jlsas -V i es

axdllas o] 43 daud 03wl o8l s Jae Olasuin -Y Jodo
Table 2- Specifications of climatic models used in this study

Modeling Center or Modeling Group Country Institute ID r::rcri]zl
Silwdae 09,5 b (5lw Jao 35 50 2948 g dnlid
Modele du Centre National de Recherches Météorologiques - Centre Européen de
Recherche et de Formation Avancée en Calcul Scientifique France CNRM- CNRM-
ceols Slasbone 53 ) a8y Ghigel g Sl S pom pulillyn Clidos o 3550 Jio ailp CERFACS CM5
NOAA Geophysical Fluid Dynamics Laboratory USA
NEERENN GFDL-
NOAA s 6555 ¥l Sslis ol ”“l; - NOAAGFDL  Eqvam
20
EC-EARTH consortium Ireland
EC-EARTH g oS s EC-EARTH EC-EARTH
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Table 3- Likelihood of occurrence and weight of drought classes for each drought class SP1, SPEI, eRDI
Weight class  The possibility of class  Intensity of classes Describe the situation  Abbreviation
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Mild drought
1 0.3159 099-0 i JluSas M
2 0.0906 Moderate drought Mo
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3 0.0445 1.99--15 Severe drought S
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Less than -2 Extra severe drought
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Table 4- The values of the Sutcliff coefficient (NS), the coefficient of variation and correlation coefficient (R2) between the
historical data of the models and observational data for the rainfall parameter and the mean temperature at 2 meters above
the ground

Meteorological parameter
cwluilgr ol

Climate model

2
51 Jose R R NS

Precipitation
ok

CNRM-CERFAC  0.02 0.04 -0.60

GFDL- ESM2M 009 0.1 -0.60
ICHEC-EC-EARTH 041 0.2 -0.58

Average temperature 2 m above the ground
o) daw 5o 93 EE)] )3 Lod bawgie

CNRM-CERFAC 094 0.94 0.76

GFDL- ESM2M 097 0.94 0.79
ICHEC-EC-EARTH 0.96 0.92 0.71
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Table 5- The number of drought events (risk) in base, near-term, middle and distant periods based on the SPI, SPEI and
eRDI indicators at the time scale of the 9-month season leading to the cultivation season
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Table 6- Number of drought events (risk) in base, near, mid, and distant periods based on SPI, SPEI and eRDI indices in 9-
.month time intervals leading to barberry harvest season
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Table 7- ARIMA time series models for each time scale based on each SPI and SPEI drought indicator

Time step eRDI drought index SPEI drought index SPI drought index
;e eRDI Jlsis ‘_,aalw SPEI Ju.suis ‘_,aal.w SPI Jluslis ‘_,»Lw
Winter haz = —0.002 pri + 0.24 haz = —0.002 pri + 0.22 haz = —0.002 pri + 0.25
Sprlng fiaz = —0.002 pri 4 0.2 + DLB5ar, hoz = —0.002 pri 4+ L2 4 Dubar, har = —0.002 pri+ 018+ 0.6ar,
e
Fall . . .
m haz = —0.004 pri + 0.2 haz = —0.004 pri + 0.25 haz = —0.004 pri + 0.19

9 months leading up to the
barberry harvest season
Sby; bl Juad 4 piie anled
Annual
&Yl

haz = —0.002 pri + 0.25

haz = —0.002 pri + 0.37

has = —0.15T, . + 0.21TT,

haz = —0.11T_., + 0.087._._0.001pri

—2.03 haz = —0.002 pri + 0.26

moan

haz = —0.002 pri + 0.34
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Figure 2- Spi, SPEI, and eRDI correlation coefficients for the time series and the obtained risk from CORDEX outputs based
on RCP4.5 and RCP8.5 on the 9-month time interval of the harvesting season of Barberry

EBJ%e 51 oul Caway yladio wlw! s SPEI ¢ SPI (gld JUuSWid Sy oot T-StUdENt (49051 P-ValUe § (Siwsod o g 230 A Joua
1 Il 03 b b live Sy 5150 g (Floj (g

Table 8- Correlation coefficient and p-value of T-student between SPI and SPEI drought risk based on the obtained time
series models and observed values of ten years

Time sptep
Sl o Annual 9 months leading up to the barberry harvest season Spring Winter Fall
Drought index aYlw S5 Canild g Juad 4y ko dlo 4 S Obuwmoy | smb
s dib

SP| 0.88 0.93 0.55 0.81 0.93
0.34 0.28 0.42 0.55 0.15
0.59 0.32 0.58 0.83 0.92

SPEI 0.001 0 0.13 0 0
eRDI 0.39 0.95 0.60 0.56 0.92
0.30 0.56 0.2 0.8 0.05
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Table 9- The correlation coefficient (R2) and the value of p-value of the T.student test between the drought risk values

obtained from time series prediction models with direct drought risk based on two scenarios (RCP4.5, RCP8.5)

Drought index eRDI SPEI SPI
o b I I |
. p-value p-value p-value
Tlme Stef) (t.student) R2 (t.student) R2 (t.student) R2
oy P8
Fall 00 0.78 00 0.75 00 0.92
sl O 0.64) © 0.74) © 0.94)
Winter 0.74 0.56 0.85
e; (0.55) 0.58 0.74) 00 0.73) (0.32) 0.32 0.86)
Spring 0.75 0.49 0.79
e 0 0.76) 0 0.78) (O 0.8)
9 months Iﬁzf\ilr;gtusggsoot:e barberry 012, 051 082 00 075 005 042 0.89
Ky Cudlsy b 40 g dnle & 0.81) 0.75) 0.87)
Annual 0.48 . 0.70
Wl 0.2) 0.06 0.38) 0y 0.001 0.74) 0y 0.003 0.72)
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Introduction: Drought is the most complex, but less well-known risk among all natural hazards, which
affects more people than any other natural hazard. Meteorological and seasonal hydrological drought is a

common phenomenon in subtropical countries and is expected to increase further in the future. Drought is one of
the natural and frequent climate phenomena. Drought risk analysis is a combination of drought risk and drought
vulnerability analysis. Drought risk assessment can be estimated either by remote sensing or by statistical
methods or by a combination of both previous methods. Drought risk assessment shows a more suitable and
accurate view of the drought. Drought risk in addition to drought severity is simultaneously includes the
probability of occurrence of drought and the impact this phenomenon on the environment and the region. This
study has been made to illustrate the visionary of changes in future meteorological drought risk.

Materials and Methods: The study was conducted as a case study for the Afin sub-basin. In this research the
average of minimum average of maximum temperature, the average temperature at 2 meters above ground level
and rainfall data have been used. The statistical period used for the base period is 33 years (1983-2015). Future
data is derived from three models of the cordex project. The upcoming period is divided into three 27-year
periods including the near future (2020-2046), the middle term (2047-2073) and the distant future (2074-2100).
In order to investigate the drought in future, a combined model of three climatic models using the Bayesian
method. Then, the future values of the meteorological parameters were calculated. Drought risk for the
upcoming periods was calculated by the direct method and modeling method. Finally, a comparison was made
between the two methods in order to determine the appropriateness of the predicted model.

Results and Discussion: In the survey of the intensity of SPI and SPEI drought indices during the base time
period for time scales studied, the SPEI and SPI drought indices showed that both, drought events were the same
during the studied period, while the SPEI shows more mild and moderate droughts, and the SPI index has shown
intense intensity on some scales. In future periods, according to the RCP8.5 scenario, the number of drought
events in each period does not differ from the RCP4.5 scenario, but the intensities are higher than RCP4.5. By
completing the questionnaire and using exploratory and confirmatory factor analysis methods, the drought
vulnerability was determinated 53%. ARIMA (0, 0, 0), the appropriate time series model was used to predict the
level of risk. In the drought risk prediction section, the results showed that according to the SPI drought index in
the upcoming periods, the number of drought events relative to the base period is relatively higher, thus the
number of drought events (including four drought conditions) will increase in the far future than the two
upcoming middle and nearer periods. According to prediction of models of risk, rainfall parameter for all time
scales of SPI index and for four-time scales of spring, autumn, winter and annual drought index SPEI, is an
effective parameter in drought estimation and effect on drought occurrence in the study area.

Conclusion: The results of this study indicate an increase in temperature in future periods based on both
RCP emission scenarios. Increasing the severity of droughts in future is another result of this study. The risk
outcomes obtained from the direct risk-measurement method, which was obtained with CORDEX data as well as
the method of using the risk-predictive model obtained in this study, showed strong correlation and no
significant difference in mean, which indicates the model's appropriateness for risk prediction (hazard and after
that risk) for the future. Also, the risk outcomes obtained from the direct risk calculation method, which is based
on CORDEX data with the method of using the risk prediction model obtained in this study, indicates an
increase in the number of drought events followed by an increase in drought risk events in the region. Also, it
was observed that the severity of drought risk according to the RCP8.5 release scenario is higher than RCP4.5. It
is suggested that a number of models (more than three models) being used from the sixth report of the
Intergovernmental Panel on Climate Change.

Keywords: ARIMA, CORDEX, Drought risk, Drought vulnerability, Drought Hazard
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