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Introduction: It is so important for engineers to be able to predict the places in which deposition and
scouring occurs. In recent two decades using the numerical models arecommon for simulating flow and sediment
transport. Numerical models are valuable tools for estimating flow conditions and sediment transport, and are
widely applied in water resources management. For this reason, many researches focus on modeling and
simulation of flow on a mobile bed in natural and alluvial rivers. Analyzer of sediment transport is one of the
most complicated topics in sediment and river hydraulic.

Material and Methods: In this research a one dimensional, unsteady, hydrodynamic model is developed
which can be used for simulating flow and sediment transport as semi-coupled model in river systems. In this
research, the Saint- Venant’s first order partial differential hyperbolic equations are numerically solved using the
Visual Basic program for river systems. In this research study a semi implicit finite difference scheme is
developed to solve the Saint- Venant equations for unsteady flow. The linear equations are produced based on
the partial differential equations and the staggered technique, so it is possible to employ the tri-angular matrix
algorithm (TDMA) to solve them, with this algorithm the time of running model being minimum due to the least
mathematical computations. The matrix form of the linearized momentum and continuity equations for a channel
with upstream and downstream boundary conditions is provided. Another technique used to solve the matrix of
the linear equations is Influence Line Technique (ILT). Base flow discharge and depth in each branch are
introduced into the model as the initial conditions. To avoid divergence in numerical calculations, the
downstream end discharge of each branch is calculated using initial flow depth and stage-discharge or
Manning’s relationship. At the junctions, the upstream discharge is calculated using the algebraic sum of the
discharges of the downstream branches and vice-versa; this process is continued up to the last branches at the
upstream of the river system. After solving the above equations, the computed hydraulic parameters in this part
are sent to the sediment transport segment. In the sediment subroutine the bed and suspended dynamic equations
are discretized by finite volume method, and solved with flow equations as semi-coupled scheme. In this study
the bed and suspended load rates are individually solved. The dynamic advection- dispersion equation and the
bed load differential equation were applied to calculate the suspended sediment concentration and bed load
transport, respectively. The Exner equation is then used to predict the changes in the river bed elevations innon-
equilibrium conditions. Because ofthe nature, the sediment transport is often in non-equilibrium form, in this
study, the non-equilibrium Exner equation is used to compute the bed elevations, unlike many of the known
models. The use of non-equilibrium method due to the complexity of the solution and the presence of non-
equilibrium parameters such as coefficients of the adaptation length and recovery is very difficult.

Results and Discussion: In non-equilibrium conditions, the numerical models have high sensitivity to two
parameters including, the adaptation length coefficient for bed load and recovery coefficient for suspended load,
with the sensitivity analysis for these coefficients being carried out in this research. In this study, a sensitivity
analysis was performed on these parameters using developed numerical model. The developed model has this
ability to simulate flow and sediment transport in complex and loop river systems. Finally, the model was
simulated for the Chaudhry loop river systems. Thisriver system has 9 branches that form the loop. All channels
have rectangular sections and their flows are sub-critical. The upstream boundary condition is an unsteady
hydrograph with peak discharge of 250 cubic meters per seconds and base time of 8 hours. The calculated stage
and discharge by the model (using Manning’s equation) was supplied to the model as a downstream boundary
condition at last node. The model outputs are discharged hydrographs on different sections of each channel. The
developed model has good ability to simulate the flow and sediment transport in river systems. The result

1 - Graduated Ph.D of Water Structures and Associate Professor Water Engineering Department, Razi University
(*-Corresponding Author Email: Sabah.Mohamadi@gmail.com)
3- Professor, Water Structures Department, Shahid Chamran University of Ahvaz
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showed that by selecting the adaptation length coefficient, equivalent to a multiple of 1 to 3 times the distance
between cross sections, the results of the numerical model can be more realistic. Also it was concluded that
empirical equation of Lin(1984) used for the recovery factor of the suspended load.

Keywords: River System, Semi-Coupled, Exner equation, One dimensional
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Table 2- Statistical indexes at ss1 and ss3 tests
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Introduction: Coastal aquifers are major source of freshwater in many parts of the world. Saltwater intrusion
is a serious environmental issue since 80% of the world’s population live along the coast and utilize local
aquifers for their water supply.Under natural conditions, these coastal aquifers are recharged by rainfall events,
and the recharged water flowing towards the ocean would prevent saltwater from encroaching into the freshwater
region. However, over exploitation of coastal aquifers has resulted in reducing groundwater levels (hence
reduced natural flow) and this has led to severe saltwater intrusion. Saltwater intrusion from the sea into below
the freshwater of aquifer impairs the quality of these resources. Cause ofthe complexity of saltwater intrusion
issues and generally they cannot be solved analytically, so numerical methods can be useful tools for simulation
and prediction of salt water intrusion.

Materials and Methods: CTRAN/W is a finite element software product that can be used to model the
movement of contaminants through porous materials such as soil and rock. The comprehensive formulation of
CTRAN/W makes it possible to analyze problems varying from simple particle tracking in response to the
movement of water, to complex processes involving diffusion, dispersion, adsorption, radioactive decay and
density dependencies. SEAWAT is a three-dimensional variable density groundwater flow and transport model
developed by the USGS based on MODFLOW and MT3DMS. SEAWAT is based on MODFLOW and
MT3DMS. SEAWAT includes two additional packages: Variable-Density Flow (VDF) and Viscosity (VSC).In
this study, the precision of CTRAN / W and SEAWAT models to simulation and prediction of saltwater wedge
were investigated in three states: a) steady state salt-wedge data observed underdifferenthydraulic gradient
conditions; b) transient salt-wedge data observed underintruding-wedge conditions; and c) transient salt-wedge
data observed under receding-wedge conditions. Both models were initially calibrated and then the models were
performed for the above conditions. The simulation results of the two models with the experimental results of
Goswami and Clement (2007) have been compared. For comparing the measured data and simulated data,
statistical indicators were used: root-mean-square error (RMSE), a measure of Nash-Sutcliffe (CE), the
Correlation Coefficient (R"2), the ratio of difference (r) and the General Standard Deviation (GSD).

Results and Discussion: In this study, the precision of CTRAN / W and SEAWAT models to predict
saltwater wedge wasinvestigated. At first step, both models were calibrated and the best values for longitudinal
and transverse dispersion were obtained 0.5 and 0.05, respectively.Then simulation was performed with both
models for all three modes(a- steady state salt-wedge data observed underdifferenthydraulic gradient conditions;
b- transient salt-wedge data observed underintruding-wedge conditions; and c- transient salt-wedge data
observed under receding-wedge conditions). The results showed thatCTRAN/W and SEAWAT models have
high precision for simulation of position and movement of saltwater wedge in steady state with average of root
mean square error (RMSE) equal to 1.05 and 1 cm, respectively and Both models have a higher estimate than the
actual value for a steady state. As well as for transient state under the underintruding-wedge
conditionsCTRAN/W and SEAWAT models have high precisionwith average of root mean square error (RMSE)
equal to 0.65 and 0.44 cm, respectively and other statistical indicators were acceptable. The results of prediction
of position and movement of saltwater wedgeunder receding-wedge conditionswith average of root mean square
error (RMSE) equal to 0.54 and 0.56 cm, respectively provided acceptable estimates of both models. Finally, in
order to determine the accuracy of the models in estimating the flow rate from the source of fresh water to the
source of salt water, a comparison was made between the results of the models and the laboratory data, which
showed that The CTRAN/W revealed appropriate estimation of amount of transferring discharge from
freshwater reservoir to saltwater reservoir in compared with SEAWAT model. In general, according to statistical
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indicators, the results of both models were acceptable

Conclusion: The results showed thatCTRAN/W and SEAWAT models have high precision for simulation
and prediction of position and movement of saltwater wedge with average of root mean square error equal to
0.67 and 0.58 cm (less than 10% of the average of measured data), respectively. The CTRAN/W revealed
appropriate estimation of amount of transferring discharge from freshwater reservoir to saltwater reservoir in
compared with SEAWAT model. In general, according to statistical indicators, the results of both models were
acceptable.

Keywords: Costal Aquifer, Saltwater Intrusion, Saltwater wedge, CTRAN/W, SEAWAT
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Figure 1- The major tomato-producing counties at Hormozgan Province level
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Table 1- The 15-year average climate factors at the counties and province level
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Table 2- Tomato production data at the counties level
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Figure 2- The spatial variation of yield and sown area at the province level
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Figure 3- The spatial variation of CWR (A) and IWR (B) at the province level
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Table 3- Water footprint components of Tomato production for the main producing counties
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Figure 4- Shares of Tomato water footprint components at the counties level in Hormozgan.
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Table 4- The Trend of climate factors using Mann- Kendal Test over the 2002 - 2016
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Introduction: Agriculture sector, as the key consumer of fresh water resources throughout the world, is
progressively more squeezed by the requirements ofother contemporary society areas and threatened by potential
climatic change. Irrigation is the major part of agricultural water usage in Iran, which consumes 90% of total
agricultural water use. Increasing competition for water resources use, in conjunction with climate factors
change may have significant effects on water availableness for agricultural production. Climate change has
already affected components of the hydrologic cycle, such as precipitation redistribution, runoff and groundwater
cycling. The water footprint of a crop is the volume of freshwater both consumed during the crop production
process, and it has three components consist of green water footprint (the volume of the precipitation consumed
in crop production); blue water footprint (the volume of runoff or groundwater consumed in crop production);
grey water footprint (the volume of freshwater that is required to assimilate the load of pollutants during the crop
production process) and white water footprint (the volume of water losses during the irrigation process).

Materials and Methods: The Hormozgan is located in a hyper -arid region that is impressionable to the
potential impact of climate. The data used in this research consist of climate data and agriculturaldata. The
climate data (2002-2016) was taken from the Iran Islamic Republic Meteorological Organization including
monthly average maximum temperature, monthly average minimum temperature, relative humidity,
precipitation, wind speed and sunshine hours. The agricultural data consists of, cultivation area, crop yield and
soil type weretaken from the Agricultural-Jihad Bureau of Hormozgan Province. CROPWAT model is used to
estimate crop water and crop irrigation requirements using meteorological, crop and soil dates. Effective
precipitation (Pe) values were calculated by USDA method and crop evapotranspiration (ETc) was calculated by
FAO-Penman-Montieth method. The WFGreen (effective precipitation), WFBlue (net irrigation requirement)
and WFWhite (irrigation water losses) water footprints (WF) of potato production were estimated for
Hormozgan. The Mann-Kendall (M-K) trend test is used to analyze the trends and abrupt changes of the climatic

factors.

Results and Discussion: The total tomato WF was estimated 0.639 m3/kg in the Hormozgan province that
Jask and Bastak have maximum and minimum with 1.54 and 0.66 m3/kg, respectively. The share of green, blue
and white water footprint estimated 5, 18 and 77 percent, respectively. The largest shares of water footprint were
observed in Bandar- Abbas (27%). The sum of the water footprint it is 19.2 MCM, which is more than 95% of
the total water footprint (70.2 MCM) in the whole province. In Bashagard a large share of water footprint is
related to the blue water footprint despite having a considerable amount of seasonal precipitation. Regarding the
dominance of autumn precipitation in it, changing the vegetation genotype and cultivation of varieties resistant
to water deficit will increase the plausibility of dry farming and increases share of the green water footprint. The
white water footprint has the largest shares (77%) of while subsidence is so serious in more than 36 plains.
Hormozgan province has low precipitation and high water demand. On the other hand, improper irrigation
management (number of events and the volume of irrigation) has led to decreased tomato performance in these
regions and larger water footprint. The share of blue water footprint is 18% that 4 times more than from
WFGreen. The considerable amounts of precipitation in this province, strategies such as cultivation of new
genotypes more adapted to the wet periods, shortening the flowering period of Saffron with the aim of avoiding
the dry period at the end of the growing season can be considered to reduce the share of the blue water footprint
and reduce the share of the green and white water footprints. Total consumed and exported virtual water volume
from the region are 10.8 MCM to 28 million Rials per year. The export of these crops imports the most pressure
on groundwater and surface water resources of the region. The M-K test results of climatic factors throughout

1 and 2- Assistant Professor and Ph.D Student of Natural Resources Engineering Department, Agriculture and Natural
Resources Engineering Faculty, University of Hormozgan
(*- Corresponding Autor Email: O.bazrafshan@hormozgan.ac.ir)
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the 2002-2016 study periods in Hormozgan showed that sunshine hours during the tomato growth period
experienced downward trends for the M-K statistics values were less than zero and the downward temperature
trend reached statistical significance. The declining temperature and sunshine hours would result in lower crop
evapotranspiration (ETc) and agricultural water consumption, while CWR donot have any trend. The trend
analysis shows that the green, blue and white water footprint had significant increasing trends in the central part.
Increasing theyield would result in lower water footprint.

Conclusion: Ground water depletion and water shortage are two problems in Hormozgan province which
have occurred due to the irregular use and inappropriate management of demand and supply of water in
agricultural sector. The water footprint (WF) of crop production is a comprehensive indicator that can reflect
water consumption types, quantities and environmental impacts during the crop growth period. This study
assesses interannual variability of green, blue and white WFs of tomato production in Hormozgan from 2001 to
2015. The share of green, blue and white WFs in the region is 5, 17 and 77 percent and 10.5 MCM year-1. Under
the combined influence of climate change and water footprint variation, WFCs weredecreasing trends. In
contrast, sunshine hours had decreasing trend. The statistical analysis revealed that interannual variabilities of
WEFCs were caused by both climatic and non-climatic factors.

Keywords: Climate change, Export and import water footprint, Green and blue water, Value of water
footprint, Water footprint
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Table 1- Selected physicochemical properties of soil used
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Figure 1- The XRD pattern of the Zn-Al LDH
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Figure 2- The FT-IR spectra of the P-LDH
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Table 2- Analysis of variance for available phosphorus, pH, EC and available zinc
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S wolie @l ax o Mean square
Sources Degree of freedom ooy JB jaud q EC ooymd B g,
Available phosphorus P Available zinc
e 1 162.25™ 0.005 0.004  70924.87""
Source
gl 3 12928.07" 0.09" 0.077  15473.99™
Level
gl grie 3 99.74™ 001 0003 1562259
SourcexLevel
ol 7 39.99™ 023" 012" 133.52"
Time
cleyease 7 122.33" 001" 0.004 133.97"
SourcexTime
‘Lo sk sk *k
u ’XCJ“.“ 21 18.19 0.03™  0.003 4476
LevelxTime
‘Lo W sk * *k
S 21 22.61 001" 0.001 4421
SourcexLevelxTime
s
128 2.63 0.004  0.002 11.79
Error
) ol i oy
() s e 6.45 078  7.72 17.43

Coefficient of Variation
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* and ** significant at 5% and 1% probability levels, respectively
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Table 3- Effect of source, level and time treatments on available phosphorus (mg kg™)

Had po Howd b (595) oMUled ol
Source of Level of Incubation time (day)
phosphorus phosphorus 1 5 10 20 40 70 100 150
Co 99" 9.6 97" 9.1 8.6" 95" 9.9 9.6
Cl 19.1° 187  17.6°%° ipi;z }Lf? 149 145 137¢
TSP
C2 343" 334" 297! 29.41 %Sf 245m 29 o36m
C3 644" 599" 52.6° 47.1¢ 459%  447%  440°% 421%
Co 99" 9.6 97" 9.1 8.6" 95" 99" 9.6
Cl1 140" 137" Iqi;f 17.0°P9% 1759 18,0°9 18,0 1(,8[,;]0
P-LDH

2 21 2.7 261 2770 g7 tm %Zlﬁ 27.8% 282k
C3 41.68 4449 432  4]5¢ 454%  453%  451% 460

3l e p)SshS 5 p)S e e 5 ¥ A ks b pobaw cud iy C3 5 C2 C1 O il a3 (P<0.05) Iy sine SIS (gl)ls S yiio By s b slay:Sile
Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg™, respectively.
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Table 4- Effect of source, level and time treatments on soil pH

Aod pio yhad o (39) oiblgs oboj
Source of Level of Incubation time (day)
phosphorus phosphorus 1 5 10 20 40 70 100 150
Co 8.00FE g (3T g 70 g 70 g 70 g7 g o7® g 03
TSP C1 8.03%¢t g0 g.17% 803 g3 g10°¢ 783  780%
Cc2 7.93%n go7b® 810%™ 797 10 g.07°%* 780"  7.80%
C3 7.908"  8.00%" 803 797 go7*® goo¥t 777K 773K
Cco 8.00%E g (3% g o70®T g o70® g7 g 7%® g 07T g (03
P.LDH Cl 8.00%% 810™¢ 810™ 810™¢ 820" 793" 783™ 780"
C2 8.00%" 803t g0y g13% g07%% 807%™ 7908 783N
C3 8.03¢¢t g 03t g7 810 g03%r 8.03%t 770K 7.67"

3o p)SshS 5 p)S e e 5 ¥ A cals b pobaw cud i C3 5 C2 C1 O il a3 (P<0.05) Iy sine SIS (glls S yiio By > b slaysSile
Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg, respectively.
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Table 5- Effect of source, level and time treatments on soil EC (dS m™)

P pria b o (39) oiblgs obo;
Source of Level of Incubation time (day)
phosphorus  phosphorus 1 5 10 20 40 70 100 150

Co 0408 047 047 (047 053°® (0509 053°%° 057°7
TSP Cl1 0.40¢  0.50%" 0.60* 0.60% 0.60* 0.60% 0.60 0.60**
C2 0.40¢ 0.50%" 057°%4 0.57% 0.60* 0.60* 063 067°
C3 043 050%" 0.60*™ 0.60*™ 0.60* 0.60° 0.60*° 067°
Co 040% 047 047°® 047°® 053°%€ 050% 053°® (.57
P.LDH Cl 0405 043 050% 053 060" 0.60™ 0.60" 060"
C2 0408 0.50% 0.53°% 057% 0.63® 063* 0.63® 063
C3 043% 0.53°% 0.53°% 053°%C 063 063* 060™ 0.67°

3l e p Sk g1 S e e 5 ¥ A il hud pshaw i s C3 5 C2 L1 0 ail i (P<0.05) s sine B3] (gl S jrie By > by (sloySike
Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg, respectively.
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Table 6- Effect of source, level and time treatments on available zinc (mg kg™)

Howd g Hawd (595) Owlled ol
Source of phosphorus Level of phosphorus Incubation time (day)

1 5 10 20 40 70 100 150

o 0.6 06 05 06 06 06% 06° 07°F

TSP Cl1 0.6 1; 0.4 1; 0.4 1; 0.5 i 0.4 1; 0.5 i 0.5 i 0.4 E

C2 0.5 0.5 0.4 0.5 0.5 0.4 0.4 0.4

C3 05% 04% 04% 04% 04% 03% 04k 04k

Co 0.6 06 05 06 06 06% 06F 07F

P.LDH Cl 287" 298" 258" 208" 164’ 1617 1737 165’
C2 5257 603°¢ 588° 4997 51.1f 4428 427% 425¢
C3 73349 85.0° 1054° 837%™ 859° 783 7729 789

b n pySolS 5 p)S e Qe 5 FO A als yid gobaw caiyidy C3 9 C2 (C1 O sl soi (P<0.05) s sine ] ghyls S yito Gy o b (sloySils
Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg, respectively.
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Introduction: After nitrogen, phosphorus is the second most frequently limiting macronutrient for plant
growth. It participates in metabolic processes such as photosynthesis, energy transfer and synthesis and
breakdown of carbohydrates. H2PO4- and HPO42- are two forms of this element which are present in the soil
solution in the available form. Due to phosphorus reactions with soil components (oxy or hydroxides of Fe and
Al in acidic soils and Ca2+ and Mg2+ ions in calcareous soils), the availability of this element is a limiting
factor for production of agricultural crops in the whole world. To minimize this problem it is needed to improve
the recycling of phosphorus and develop new technologies to reduce phosphorus losses and increase its
effectiveness. In the recent decades, layered double hydroxides (LDH) have been extremely used as an effective
sorbent for organic and inorganic anions sush as phosphate. Furthermore, some studies have suggested that the
phosphate form LDH is applicable as a slow release phosphate fertilizer. Therefore, the objective of the present
study was to compare the effect of using Zn-Al LDH and triple superphosphate (TSP) as fertilizers on the
availability of phosphorus over time in a calcareous soil .

Materials and Methods: At the first, nitrate containing Zn-Al LDH (N-LDH) was synthesized by urea
hydrolysis method and then ion exchange method was used for the phosphate anions intercalation into N-LDH.
In this process, 5.0 g of the N-LDH was suspended in 1000 mL of a solution 0.05 mol/L of K2HPO4. The
suspension was kept for 12 h at room temperature (25 °C) under stirring. Afterwards, the material was filtered,
washed with distilled water and dried at 70 °C for 18 h. The LDH sample produced by the ion exchange method
was nominated as P-LDH. To compare the effects of P-LDH and TSP application on the availability of soil
phosphorus, an incubation experiment was carried out using a completely randomized factorial design with two
sources of phosphorus (P-LDH and TSP), four levels of phosphorus (0 (control), 18, 45 and 90 mg P kg-1), eight
levels of time (1, 5, 10, 20, 40, 70, 100 and 150 days) and three replications. Available phosphorus and zinc, pH
and EC of samples were measured at the end of each time period. Available phosphorus was extracted with 0.5
M sodium bicarbonate and phosphorus concentration was determined using the ascorbic acid method. Available
zinc content was determined by atomic absorption spectrometry following extraction of the sample by DTPA-
TEA method. Also, pH and EC were measured in water (soil/water ratio 1:2). Data analysis was performed by
MSTAT-C software, and the means were compared at 0=5% by Duncan test .

Results and Discussion: The results showed that the use of P-LDH and TSP significantly improved
available phosphorus compared to control treatment. However, in contrast to TSP, available phosphorus in P-
LDH treatments increased with increasing of time, up to significant difference which was observed between the
two sources after 150 days. This result is probably due to slow release of phosphorus from P-LDH and reduction
of phosphorus reactions with different soil components. Moreover, available zinc was higher for P-LDH
treatments than TSP treatments as dissolution of P-LDH may concurrently release zinc ions into the soil solution.
It seems that the application of P-LDH not only increased the availability of phosphorus but also improved
available zinc. Therefore, due to the zinc deficiency in calcareous soils, P-LDH can be used as a suitable dual
purpose fertilizer for these soils. However, the possibility of Zn toxicity risk due to higher level of LDH
application in soil is not ruled out. It is worth mentioning that the variation of pH and EC values in P-LDH
treatments showed no significant difference compared to TSP tratments. In other words, application of P-LDH
increased soil available phosphorus and zinc without any negative effect on soil pH and EC .

Conclusions: The results of this study illustrated that the P-LDH probably can be used as a slow release
phosphate fertilizer to increase the phosphorus efficiency; however, care should be taken as the high levels of
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this fertilizer may not be recommended due to the high zinc content. It should be noted that the high levels of
phosphorus are not appropriate for all phosphorus fertilizers but in the present study we used the different levels
of fertilizers because the behavior of P-LDH was not clear for us .
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Table 1- Chemical properties of experimental soil in site

Lo i0S) . ‘-\ﬁ uﬂ‘}g; )9)"5’; P .
SB o ges  SL b o T ol B oc . A ey
S S S ﬁ P K
Soil Soil Sand Clay Silt pH EC o o
depth Texture % % % (1225  (dS/m) & o ppm  ppm
0-30 Loam 38/8 20/4 40/8 6.6 0.19 1.99 0.21 41.1 119
30-60 Clay loam 26/9 30/6 42/5 6.9 0.15 1.97 0.16 26.3 94
G (l g3 03liisl 3,90 (J1 255 95 ,ler (srboonnd GBS g 5l At Y g
Table 2— Some chemical properties of four organic manures used in this research (%)
C T ; e e . N .
Sran J oS g9 S LSl Sy Calan S ojare Ad el Sens
Organic Manure N Total N P K Organic carbon
PH (1:10) EC(l:lO) (dSm™) %
Yo 6.76 0.90 1.80 1.03 0.3 33.1
Azolla
CogeeS ) 7.30 1.90 1.30 246 05 175
Azocompost
95 255 8.30 1.85 1.30 155 058 22.0
COW manure
SegenS 229 7.40 213 1.20 309 05 16.0
vermicompost
S5 QUS55 S 2 3 (w03) (i polic e 1 (6395 (S jlowd S1-YJgr
Table 3 - fertilizer treatments effect on the nutrient concentrations (%) in th leafe Kiwi fruit
) Low 039 Hod ] 2 o oS’
Treatments N P K Mg Ca
aals 1.64°+0.18 0.21°+0.02 0.85%+0.21 043°+0.043  1.74%+0.096
Control
stbeowd 298
Chemical 2.08°+0.18 0.26% 0.02 1.19°+0.21 0.48% +0.043 2.37°+0.096
fertilizer
Yol 2.19°+0.18 0.27%£0.02 1.25°4+0.21 0.45° + 0.043 2.42°+£0.096
Azolla
Cws il
3555 2.57%+0.18 0.26°%+0.02 1.64°+0.21 0.54*+£0.043  3.39%+0.096
Azocompost
&35 258 b a b a b
2.39°+0.18 0.27°£ 0.02 1.40°+0.21 0.52° £+ 0.043 3.16" + 0.096
Cow manure
e 509 248" +0.18 0.23°+0.02 1702+ 0.21 0.52%+0.043 3.07" £+ 0.096
Vermicompost
F 1.83 0.009 0.4 0.0075 1.55
LSD 0.27 0.029 0.14 0.07 0.15

(ol JySS 5l 5:he 00l ja) ccunl (090 I gime g 2oy B 9V Jlain] pdaw )3 HI5 xe (gimy oy NS g s it
* ** and ns:Significant at p < 0.05 , significant at p < 0.01, and non significant, respectively (each data is the average of four
replications)
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Table 3 - fertilizer treatments effect on the nutrient concentrations (%) in the Kiwi fruit

B Lo 3 Sos 059 P powe ) s pandS’ 2 o
Treatments Yeild (kg) N K P Ca Mg
aald 2.67 1.67%+0.09 1.40°+0.1 0.219+0.01 0.37°+0.19 0.44°+0.04
Control 48,4548 459+
tlasd 365
Chemical 69.67°+2.67 2.07%° +0.09 1.66°+0.1 0.30°+0.01 0.65°+0.19 0.652%+0.04
fertilizer
Yol 67+62.46°
AZ;’”a 2.67+62.46 1.94 ¢+ 0.09 1.45°+0.1 0.26°+0.01 0.49°+0.19 0.57°+0.04
S il 67184252
Azocﬁ;’ost 2.67+84.25 2.892+0.09 170> £0.1 0.28°+0.01 1.19%+0. 19 0.56 "+ 0.04
= :i: a
CO:;’;;;Z o 2.67+80.73 2.09° + 0.09 1.96°+0.1 0.27° + 0.01 0.47°+0.19 0.66% + 0.04
V;:nT:; nu:;;;st 63.96+2.67 2.14° 0.09 1.817240.1 0.26°+ 0.01 0.48°+0.19 0.55° + 0.04
F 96.39™ 067" 0.18" 0.004" 0.36" 0.026"
LSD 4.02 0.15 0.16 0.02 0.29 0.06

(ol J1ySS e 3:he 03l ya) .l (290 I ze g doyd B 9 ) Jlain] pdaw )3 jI5 xe (gm iy NS g s
*, ** and ns:Significant at p < 0.05 , significant at p < 0.01, and non significant, respectively (each data is the average of four
replications).
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Table 5- The correlation between the mineral elements leaves and kiwi fruit at harvest time

290 9 S (& polis (o )
The mineral elements leaves and fruit The correlation coefficient
0550 9 Sy 395 0.76*
Nitrogen of leaves and fruits
0900 9 Sy yhund 0.69*
Phosphorus of leaves and fruits
o910 9 S 2 arsliy 0.71*
Potassium of leaves and fruits
ogs0 5 S 2 oS -0.15

Calcium of leaves and fruits

(w15 Hlea 56Kile 00l y2) ol (995 b bze 9 2oy 0 5 ) Jlainl b Jb pme (imy oy NS g e
*, ** and ns:Significant at p < 0.05, significant at p < 0.01, and non significant, respectively (each data is the average of four
replications).
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Table 6- Correlation analysis between mineral elements in leaves and mature fruits and fruit yield

N P K Mg Ca N P K Mg Ca
gm0 ‘5)_3
Fruit leaf
% 0.78* 0.73* 0.68*  0.46* 0.33"™ 0.89" 0.75*  0.89* 0.62* 0.82*

yield

el H1SS ke ke 0313 ja) sl 095 b ize 9 Moy 0 5 ) Jlain] pdaw )d ()1 gime by ayu NS g e
* ** and ns: Significant at p <0.05 , significant at p < 0.01, and non-significant, respectively (each data is the average of four
replications).
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Table 8- Stepwise regression and correlation coefficient between yield and all nutrient elements in fruits

PB4 o Gom 5 ) dldlre O o g
Stepwise regression equation Coefficient of determination
Y=-43/9 + 20/3N + 23/2 K + 53/5 Ca 0.89
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Table 7- Correlation analysis between mineral elements with some qualitative features of kiwi fruit

SNirod g 5 N P K Mg Ca
The correlation coefficient
e -044° 0.6 011 -026 0.4
Firmness
St oske a3 028 069  046° 0.17 0.01
Dry mater (%)
Jgbre del> dle ~.03  -.007 -017  -046° 016
(Tss) Total soluble solids
ol B el 033  -048" 026 0.11 0.3
Titratable acidity (TA)

Ol BB el & Jsbro il Slge i g g g4 032 031 -.0.14

TSS/ITA

ol H1ySS ke ke 001y ja) sl (055 b bize 9 2oy 0 5 ) Jlain] daw 1> (610 gime by cayu NS g e
*, ** and ns:Significant at p < 0.05 , significant at p < 0.01, and non significant, respectively (each data is the average of four
replications).
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Introduction: Type and source of fertilizer in fruit trees nutrition play an important role in increasing yield and fruit
quality, shelf-life prolonging and reducing waste in harvested fruit. Evaluation of the possibility of integrated use of
organic and inorganic fertilizers or gradual replacement of chemical fertilizers with organic manures is necessary in
nutrition of kiwi vines, due to environmental issues resulted due to application of chemical fertilizers as well as
increasing market value of organic fruits. Studies in this regard, especially comparison between organic manure and
chemical fertilizer effects in kiwi fruit production is very limited. Therefore,this research was performed to
investigate the short-term effects of four types of organic fertilizers as compared to chemical fertilizers over the

amount of nutrients in leaves and fruits in Kiwi- Hayward variety.

Materials and Methods: This short-term field research was conducted in a randomized complete block design with six
treatments including (azola, azocompost,vermicompost, cow manure, chemical fertilizer and control treatments) and
four replications inHorticultural Science Research Institute, Citrus and Subtropical Fruits Research Center in
Ramsar.Fertilizers were mixed with topsoil in canopy,weed control and drop irrigation was performed. The amount
of nutrients, including nitrogen, phosphorus, potassium, calcium and magnesium in kiwi leaves and fruits were
measured. In addition, relationship between nutrients in leaves and fruit yield was examined. The correlation
analysis between mineral elements and the characteristics of qualitative and quantitative fruit firmness, dry matter,
total soluble solids, titratable acidity and ratio of soluble solids to titratable acidity was performed. Stepwise
regression equation between treatments with nitrogen, phosphorus, potassium and calcium was written on Kiwifruit
leaves and fruit. In addition, stepwise regression, the overall equation between yield and nutrient content of

kiwifruit were reported.

Result and Discussion: The results showed that concentration of nitrogen, phosphorus, potassium, calcium and
magnesium in leaves and fruits in Kiwi trees are higher than control treatment and the amounts of these elements in
leaves and fruit werein optimum condition. Fertilization increased the amount of nitrogen, phosphorus, potassium,
calcium and magnesium in leaves and fruit of kiwifruit trees in fertilizer treatments, compared to the control.
Azocompost treatment had the highest amount of nitrogen and calcium in leaves and fruit compared to other
treatments. Azocompost and vermicompost treatments had the highest potassium content in the leaf. As well as cow
manure, vermicompost and Azocompost treatments resulted in the highest amount of potassium in fruit. Increasing
theamount of nutrients in the leaves of kiwifruit had a direct impact. The correlation between the amount of
elements in the leaves and fruit showed a direct and significant relationship between nitrogen, phosphorus and
potassium leaves and nitrogen, phosphorus and potassium in fruits. Increasing of nutrients in Kiwifruit leaves had a
direct and positive impact on fruits. In stepwise regression equation there was a significant relationship between the
yield andamounts of nitrogen, phosphorus and potassium and kiwi fruit trees, and by increasing of these elements
and vyield wasincreased. Correlation analysis between minerals and firmness in kiwifruit showed that there are
negative correlations between the nitrogen content in mature fruit and firmness at harvest time at probability level 5
percent. In addition, positive and significant correlation between the calcium content in mature fruit and firmness, as
well as between the percentage of dry matter and phosphorus and potassium contents of mature fruit at harvest time
was obtained. Results showed that a significant negative correlation was between soluble solids with calcium and
between titratable acidity with phosphorus, and of soluble solids ratio to titratable acidity with nitrogen and
phosphorus the mature fruit at harvest mature fruit.

Conclusion: In general, according to these research results we can say that use of organic fertilizers like chemical

fertilizers in kiwifriut orchards increasethenutrient amounts in leaves and fruit of kiwifruit. In addition,there was a
significant positive correlation between quantitative and qualitative characteristics of kiwifruit and its leaf and fruit
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nutrients. Nitrogen, phosphorus and potassium have significant positive effect in increasing fruit yield.Chemical
fertilizers leaching and environmental problems caused by the consumption of these fertilizers, motivated to useof
organic fertilizers, such as vermicompost and azocompost in kiwifruit orchards, in order to produce fruit in north of

the country.
Keywords: Chemical fertilizers, Organic fertilizers, Stepwise regression
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Figure 1- Location of the Kafemoor basin in Kerman province, Iran
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Table 1- Summary statistics of soil physical and chemical properties
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Figure 2-Reflectance spectra of soil samples in the visible- near-infrared and shortwave infrared regions based on average of
reflectance for 7 soil texture classes
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multiplicative scatter correction (MSC) and standard normal variate (SNV) pre-processing in the visible- near-infrared and
shortwave infrared regions



IWAY Cuiguad )l = 289,58 O oylous FY wl> (S g ol as s YA

il (GRPD YD ) JLs 4 (Y/0-Y) s s {¥-V/A)
ol yud 8" sl aodls g,y RPD jo0lds (VY 5 V) Wgib o
(RPDyar) (o ylisl (slmodls gl 5 VAY Ll (RPDey)
osaih ololyy RPDysL sRPDey bd aslses VOF | il
DB o N3 (Y0) (K 5 (jlge 5 (A) Ol)Sen 5 Sl
bl slowl 4y 0B SD o3l i s PCR gy )0 .35 0
oS 53 A8 iz g oy doyd w0 g il saodls oy
b o3 @l jo phibpotn Sbobey rle xS o0 )8 Cns
(Y Jgds) wolas 3l

Sl ) pre slacib 515l Cuabd pae a3l Goluly
> cross validation) _8MW _oxw)liel gla ybg)y (wluly
S0 ey vl iolsly (T 5 V) Bad Lasedo ol bl 5 b
A o) dopd oy LS) s )3 oo slacil loie 4 b
059> 2 G Sy oyt oy polly Lol oy o &S
Gl y2ogb YeAY L lyy SD (5ls 4 i L PLSR

Slaoaly ) ouldiwul Ly (el g Erlaww (g &30 390 5
S50 308 O gube 9 (B y0 b gae o Aub
j) J—ol RPD s RMSE R' ,p3Lie ¥ L5Y slaJoas
2w gl 1y o g Sl sy 3 25l 53 (Bt
R* o3lie a8 ol L oy duoy> o280 3,91y zuls PLSR 3,
N mmlisl 09y S )3 5 NV L5 [oA jl i 5 4y (i s
B F- S R AN (< IS JURSROTCM BNE ARV AL S FRYARS
Ly RMSE liis ipysS g R' e oy iy PLSR s,
RMSE i (pyidis g R e 3y 5e8 oSD il sin
9 qu)».JK 09)3 90 =B ) u*’)b)—’u“*—’ )1 odla_wl 09—
Lo ene 505 JRPD sl (¥ Jyn) 55 ol skl
P VESV L P VIR S V| PR SOV ESGat P || SV R KVt S

(7) oy o) Comas )3 (b (391251 sy S0 (glayi9, 9 PCR 9 PLSR (sl ydg, (5,lel gl Y Jua
Table 2- Statistics results of PLSR and PCR methods with different pre-processing techniques for estimating of LogClay (%)

RDPy,;, RPDcy RMSEy,, Ry, RMSEey Ricy  odibpoie  Jw

1.10 1.18 0.14 0.12 0.13 0.22 No
139 139 01l 022 011 043 FD  prsr
1.54 1.92 0.10 0.54 0.08 0.72 SD
1.10 1.19 0.14 0.16 0.13 0.27 MSC
1.10 1.28 0.14 0.15 0.12 0.28 SNV

- - - - - - No

3 B 3 - 3 B FD PCR
1.12 1.20 0.14 0.12 0.13 0.21 SD

- - - - - - MSC

- - - - - - SNV

Oy olawlpy Lo ol oy tops oS At Claw Juo pd o )&
YYOV Ll FD 53l p iy LPLSR hgy 30 (Souw )3 cu s
Gl gl
IS )JRY slade PLSR ;I oslatwl b oy duoyd o3, 5504 5
G o/eA g 2108 B IV 5l s 5y (omiyliel g ygml jud S 04,
Wb dwbre SD 55l iy 9 83 e e sl < /Y
Jade cp i 9 SD b, iy ;3 RMSE jlide oy eS8
9 ooyl 095 53 53 (015 ey 094 s~ RMSE
09)5 95 )2 PRPD (2l )ty ol iy (b Liisl
ol a5 sel CawdsSD 31 s 53 (Smwwylie] g gal pudlS
09,5 > iwnid 2S5 Lol 8 09)5 )3 g3 ) oxina
5 il 5 (A) OlSer 9 Sl ganatl olulyy (oxi sl

jlaie PLSR g, 5l odlitnl b clow 2o yd w2 )5 5505 5

g VY L5+ IYF 5l s 4 il g (gl S 09,5 0 R?
e oy g RMSE lade oy yieS .Coul pusie </OA L +/VY
9 Og—lpdlS 09,5 93 OFD - b9y sl 2 RPD asl 5
5 ¥/-Y L ;o RPDey polie (Y Jgan) del Cavds i lisel]
RPDyap sRPDey . deusloxe V/OY Uy 1l RPDyar o),y
4 (¥0) ohlSen 5 oilgs 5 (A) (S § Sl gl (ol
PCR gy p0 iSyS e 8 w9 g wob L oM o iy
|, RMSE j0lie oy yieS s R jolie oy iy MSC 3315 sk
Jie LS &8 3l ot oxtsliie] 5 cygmalyndlS (slmodls (gl
Cpalad pis opgesl bl (Y Jgan) Cusl ciins o 53 o
O 3 e sbacinb ploe a b V- F (Ve 5 V) Sl



VA b geols 3l ooliwl b S el sl51 3,591 30 (5 bl cilizio (gl gy dwmns Lo

Sl 3 o > Jao (IS 85 05 Juols (x5 sl oS
(¥ Jos) conl cawns

sLaosls (sl RMSE sl 35208 g RY poalis sy MSC

(7) Sl 052y o5 5> (e (53152 ey licee 109, 9 PCR 9 PLSR (sl ydg; 5kl gl -V g
Table 3- Statistics results of PLSR and PCR methods with different pre-processing techniques for estimating of LogSilt (%)
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Table 4- Statistics results of PLSR and PCR methods with different pre-processing techniques for estimating of LogSand (%)
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Table 5- Results of accuracy for modeling of LogClay, LogSilt and LogSand (%)
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Figure 5- Measured vs. Predicted LogClay, LogSilt and LogSand (%)
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Introduction: Soil texture is one of the majorphysical properties of soils thatplays important roles inwater
holding capacity, soil fertility, environmental quality and agricultural developments. Measurement of soil texture
elements in large scales is time consuming and costly due to the high volume of sampling and laboratory
analysis. Therefore, assessing and using simple, quick, low-cost and advanced methods such as soil spectroscopy
can be useful. The objectives of this study were to examine two statistical models of Partial Least Squares
Regression (PLSR) and Principal Component Regression (PCR) to estimate soil texture elements using Visible
and Near-Infrared (VNIR) and Short-Wave Infrared (SWIR) reflectance spectroscopy (400-2450nm.(

Materials and Methods: A total of 120 composite soil samples (0-10 cm) were collected from the Kafemoor
basin (55° 15' - 55° 25" E; 28° 51' - 29° 11' N), Sirjan, Iran. The samples were air dried and passed through a 2
mm sieve and soil texture components were determined by the hydrometer method (Miller and Keeny 1992).
Reflectance spectra of all samples were measured using an ASD field-portable spectrometer in the laboratory.
Soil samples were divided into two random groups (80% and 20%) for calibration and validation of models.
PLSR and PCR models and different pre-processing methods i.e.First (FD) and Second Derivatives (SD),
Multiplicative Scatter Correction (MSC) and Standard Normal Variate (SNV) were applied and compared to
estimate texture elements. The cross-validation method was used to evaluate calibration and validation sets in the
first part (80%) and coefficient of determination (R2), Root Mean Square Error (RMSE) and Residual Prediction
Deviation (RPD) were also calculated. For testing predictive models, the second part of data (20%) was used and
R2 and RMSE of predictive accuracy were calculated.

Results and Discussion: The results of applying two statistical models for estimatingLogClay (%) showed
that R2of calibration (R2CV) and validation (R2VAL) datasetranged from 0.22 to 0.72 and 0.12 to 0.54,
respectively. The lowest RMSE was computed for PLSR model with SD pre-processing. The highest RPD of
calibration (RPDCV) and validation (RPDVAL) were obtained for PLSR with SD pre-processing technique
which was classified as a very good and good model, respectively. The results indicated possible prediction of
soil clay content by using PCR model with SD pre-processing techniques. In addition, the PCR predicted soil
texture elements poorly according to RPD values while the PLSR model with SD pre-processing was the best
model for predict-ing soil clay content. The R2ZCV and R2VAL of PLSR models for LogSilt (%) varied from
0.34 t0 0.73 and 0.27 to 0.58, respectively. The RMSECYV varied from 0.14 for FD pre-processing to 0.23 for no-
preprocessing and the RMSEVAL rangedbetween 0.18 and0.24. The highest RPDCV (2.07) and RPDVAL
(1.59) were obtained for PLSR with FD pre-processing which were classified as very good and good models,
respectively. The results of PCR model developments for estimating LogSilt (%) indicated that the highest
RPDCV and RPDVAL were, respectively, 1.31 and 1.25 for MSC pre-processing techniques which were rated
as poor models. On the contrary to PLSR models, PCR models were not reliable for predicting LogSilt
(%).Theresultsof PLSR models for estimatingLogSand (%) revealedthat the highest R2ZCV and R2VAL were
0.56 and 0.47, respectively and the lowest RMSECV and RMSEVAL were 0.14 and 0.16, respectively which
were obtained for SD pre-processing. The RPDCV and RPDVAL values for SD pre-processing in PLSR model
were 1.59 and 1.39 which were rated as good and poor performance of predictions, respectively. The highest
RPDCV and RPDVALfor PCR models were obtained with the MSC pre-processing indicating poor model.
Therefore, PLSR model with SD pre-processing techniques was superior model for estimation of
LogSand(%).Overall, PLSR model with SD pre-processing techniques performed better in estimatingclay and
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Shahrekord University, Iran

4- Assistant Professor, Department of Ecology, Research Institute of Sciences and High Technology and
Environmental Sciences, Graduate University of Advanced Technology, Kerman, Iran
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sand and PLSR model with FD pre-processing gave better estimate of silt content.

Conclusions: Our finding indicated thatclay and silt contentcan be estimated by using electromagnetic
spectrum between VNIR-SWIR region. Further, spectroscopy could be considered as a simple, fast and low cost
method in predicting soil texture and PLSR model with SD and FD pre-processing seems to be more robust
algorithm to estimateLogClay and LogSilt, respectively.

Keywords: Partial Least Squares Regression (PLSR), Principal Component Regression (PCR), Spectroscopy






Journal of Water and Soil
Vol. 32, No. 1, Mar.-Apr. 2018, p. 87-99

A

(553U @buo g pole) S g O &y i
AV-28 . 0 AYAY Calguu o)l — (329,959 ) o,lods ¥V ul>

o) el a8 oLyl sk kg, s Sy 2w
(olw 5 Jlowe ) lgzr DLl 0 S g Cuds 153 50 (gandllan)

0 . [N s . . Y ) .
32 252Nl s = T S Cims dazmalldes = (g hrr (lasl = Lo ez = T mhaae 0 25
\Y4g/ ¥/ Y CJL:)) @)U

CRVCES

Cbd )3 lddgle ©)3 g (rnjipms digy puiS S g (8S canld Sl WS it sl 008y Slogs) DB ek ol

il lacl 5l g 43,5 yi> jlo VO ()i Juolgd b £ S W plate cpl (sl o8)5 )13 g 3)90 )l 9 Jlee)le (il 35 08
iy cllosiz 5 oSy GlalS (sl) ade) Gas U5l 2350 oSy 35 0o soalfinlof] @bt (ol 5 085 & 90 (4 )b paiges
I 2y90 (olll sl Sy 5 (e Gl g lajbas L S 2 S (sl Sy e 3,5 dslons (55t BLo VO* 5 Ve Bos
ity Jgasd) Sayially gy 5 @2litel b el 5 g 1505 0005 ibllan cilizes <Y guazmo sosldl (slojls (sl Jgier b aibaie waldl 5 sl
o byoye NS G pdosllasls el 2 5 S 25 035 (e ddlllan 550 Y guanme (alod gl (8] (S el g oS (g2
e s3lad (638 aoual )0 cdiBlidrwgd B0 yamwyS ) sl Jde o ilyl conls gla WS o i gl b s ) b el Clasuie
el sl oM 5 5 oS sl ) 48 3 LS s 00 5 eolitl (glalarsiy SV (g )S) 5 (Sohas (mas lBaSS
LaJive cnl o s pieniy Gl o5 iz po) Ao (sages Cono e 0 5Vl s (Bolal (oS el (L3> Juo LS 3)90 Y sae
Ot (e b oo (LS NS 5 & WS s I (eges Cono plie cdlllas 3)90 Jgae 5 Jio g5 5l a0 (5,85 392
9 S5 (LS pasld) 93 I poxiw slaaslis 5 e Glipl (WSl (&S sl (N 2 j 9 NS i sl e Gl el b

At (o3 ley Lol alS Lasls

S eyl by EHSB las (sl yial)ly (oo 1l 3 6IST 219

i) 5 ool LSl cigy30 50 Sl e B 33,5 oo o
il (gltho 4y (o) o | sl 29 oald 35 L] oy
4 90,5 o )y (039b o yme y3 3gu5 edlitwl o (caieily g
B9y Olyedr (o2l (Gbjilagdee 4l ol )93k 5l lej y9y0
P el Sl Sl A deily it s ol e
Ll glie cnl Cupde s @l g (Jaily Olgisas oo joba 4
(M)
Sloj g S alyus b S ol Shy eSSl 4 asg
e a cpl b b il b9 ag 58 ) el glaadias
Sl g Sl sy OIS (3 Seten Sl (S &S S0
09 il S a sall &, 5l ol bl press « S
o (shliee o Sitimggy il o o] Gl Sl (8,5 L5 )
xS o) sl (oS e 45 2zl yled] 355 lalllas
9 15) il 0080l oS Wlg o (60b; do U adids doly S 4 sl

doddo

Stawgh oo OS5l (S g Jelse I e (ool

3 b oSS s 4 9581 g, )td D90 guima ik
ol paddgie 5 ixino Gblie dnwg Curer Gl
Sr9e ly S Hlnl g e soslaiwl a5l asjyglis
Cad )b lolid «Ban yl 4 gy sl (S () wleie
(ol il aue sodlatnl sl (siopaaliy Ailioe (o) 2 g5

SIS oige 5 pode 09,5 Sl g 58> (saigel G cuia Y 9
55 e oSl
gt 0y — )
Ole)S sl dured oKl (S qwtigen g pole 09,5 jbalil =¥
25 5 (omle @lie g (65y9liS Cliddiow 38 j0 (imgs Hbobuwl ¥
Obrind) (z2) pandy olStils (S (cwdine g psle 09,5 jlutils —0

DOI: 10.22067/jsw.v31i6.64209

(Email: mosleh.zohreh@yahoo.com



WAV g o)l — (329,959 ) o)l J‘Y.\.L'?‘JL';SQT A il A

=S 9 &S 2Lyl dn (ol ol 2yl (saine) 558
5 o Uladlyy sals #,SB mbs gl o o) cuwls
oy S0 g (o pAS (S el (gl (VF) )
Slize g Jbeoloa bl 0ig b seidlaie SB (Juals (gadds
239350 7y SBYY zols cddllas opl o 00l JI8 Ly 350 )
bg ebj)l 2090 (b sl sl o) lajline Js ) asly
Lo SIS gy oo 3 48 05 o J) (S gy ol
aS 15,5 by bl aisl o Sinlen soly sals F,SB L L))
6L e b asly § a4 sals ) S o) canls (S pross
Gy pss 5 2LST 4l a an g Ll ouiiSol o3 wilg oo
oalawl de‘) PRS- Unlj J.leuo U»D])‘ el dl.bau»%
sodos Y gaso (gl (L) (S ol (b)) slaieds (o008,

ol 485138 () 3590 358 el b

gy 9 dlge
daalllas o) 9o (sellaio (S a0

)Lz 5 Jlowo)lea il 5,5 b ey (o)l I on
s OV Tl 0.0 RV Lldls cla Jgb Jols s > il
3 olue b Jes YO VY LYY Llélas cla joye g
() JS=d) 420)8 Slsl Gimgiy ol el U 1+ 00+ g0
4 ddlaie alLw lod g (SH)b by maw I eld)] Sk
Bl e womber (45,0 VY/O ¢ yio Lio YV (y0 Yo+ cuys
bgye (tow g (o) Slgw) (59) odes jobas dilaie oyl S
g oSS (L6 51957 (60599) (ewlidime prle ()ly9d &
oS jpdols glane) S92y (gdlawlyay cudy ol plasl iy
) e wibio ol ) Lol sodes (6y)l8 )l )8 s

il o (slddgle D 5 Suo i cdotig (pAS

AT g ol e cilallias

b )Y (V) Lhaiidey owliish cldlas ool
S (S5 glagdl il g a0 o o VO (o) Juols
hord 5 (S Gl Sy (e L85 G900 ()l paiges
B35 2,50l 3,lukil cla gy olsl 1 (S cladiges

(WY
syl il ol |y iy (05,0l (S0 was calsles
S350 0ol g Cany s 0328 1yl 5l 50 Lol s
ol Gl IS (6l ke S50 sl isee lasly,
2= B S oo I (g )bl e (4938 5l (S Glgisar o098,
i occwd JoB  (Solwday oS e sla ol )b yolul
s La oSS (S sl Sy b lopd) 5 1a S
8y pialS sl by onl 5 NS gt YL e L) (L))
e Loyl L bLsl bl S (o o
slaasl i a il alise sla s i) cpl o 29d 0 pbxl
SrSpoencs U350 Blbdangi (B0 (9w )T ) ((Eguan (was
S g oo ol lalox s St gp)S) 9 (B3l
Al (pp 290 Sy b e laielly o3 b)) sl
Olie & SB (o098) ()04 jreluiBgn 318" (pwizee (Y)
odla ! wla.&u dl.m):.o])b: 9 G’JLJLLM Sadkis d9>90 Sesls

DOA) 3l (S Jdo p3 00

=D SV gaxe (nySare lp (V) (il sio90 bawg 56
W»LJ L;’L))] Wy L (V) d}f Lol 004 fl?u‘ ulf)f dé.o.b.w
ddlais plac] Cromd 3505 by Gledol ylo)eMe gddlais > LSl
Sl 251 (208 el e g 92 pS LS ciS (4l
ol ol ol Js 48 ol bagie b oS cals (¢l 5L
a8 ol | @ m g 4oy GLalS (ol g il S
sl gy 5l edlatnl b opgid yo B aise 5 (glddsle b)) g pAS
aby plas iy ol gl g0l st S eyl g 00l Cudgasre
FS Blac 5 (i @ (ol lacudgiome oM oS
895 5 Juel Wil o dalaie S poo slacodgize dles
Sl o wgio a8 a0 lis Loly) eSS cwsls oL, L (F)
S Gilag ool gladsly Sl pan 53 g (odngy salyo
3,5 o gadlaio ) (gladgle )b U e (gou S agune Jolse
Sl e

2 SB Gl Shy w8 ey laia 4Gl o) e
5 sddploul Gldlae cdél bl ol 138,51 o)) el gubs



A ool clis (S 3] yelhiody 098y SS9, (21 (o)

i
- m T .C\.
H M T m .
§_ ¥ s 2 4 8 s 0
B A [ = s S e ===
AV
] I I ] I
476000 480000 484000 488000 492000

L, S Cordge ol pod dy dnlllan 3590 (galllaio —) JSWG
Figure 1- Location of the study area with pedons position
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Table 1- Qualitative land suitability evaluation for some of the profiles for the studied crops.

EsS6 o)low PXS gladgle O3 S dody
Number of profile Wheat Maize Potato Alfalfa
1 S1 S2sc S2fs S2¢
10 S2s S3s S2sf S2sc
27 S1 S2¢ S2f S2¢
50 S1 S2cf S2f S2¢
61 S3w S3w S3w S3w
65 Ns S3ws Ns Ns
85 S2s S3s S3f S3s
100 S2s S3s S3f S2csf
104 S3w S3ws S3w S3w
115 S1 S2fc S3f S2fc
120 S2s S3s S2sfw S2swc
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Srdols cudgise of
S1: highly suitable class, S2: moderately suitable class, S3: marginally, N: unsuitable, s: soil physical limitation, w: wetness
limitation, c: climatic limitation, f: fertility limitation
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Table 2- Performance of different models to predict qualitative land suitability classes and subclasses for the studied crops.
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Figure 2- Relative importance of auxiliary information used to predict qualitative land suitability classes using random forest
model for wheat (A), maize (B), alfalfa (C) and potato (D)
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Figure 3. Relative importance of auxiliary information used to predict qualitative land suitability subclasses using random

forest model for wheat (A), maize (B), alfalfa (C) and potato (D). SPI: stream power index, El: elevation, FA: flow
accumulation, NDVI: normalized difference vegetation index, PrCur: Profile curvature, Cal: carbonate index, DifR: diffuse
radiation, PICur: plan curvature, PVI: perpendicular vegetation index.
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Figure 4- Digital qualitative land suitability maps using random forest model at class level for wheat (A), maize (B), alfalfa
(C) and potato (D).
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(C) and potato.

-

&l
1- Abedi A., and Salehi M.H. 2009. Optimum Use of Soil and Water Resources in Chaharmahal-Va-Bakhtiari
Province, Iran. Management and planning organization, Islamic Republic of Iran. (in Persian).

2- Bagheri Bodaghabadi M., Martinez-Casasnovas J.A., Salehi M.H., Mohammadi J., EsfandiarpoorBorujeni I.,
Toomanian N., and Gandomkar A. 2015. Digital soil mapping using artificial neural networks and terrain-related



ay

sl cawlid (RS (S35l sekiiedy (s0e8) gy (2155 oy

10-

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

attributes. Pedosphere, 25: 580-591.

Brungard C.W., Boettinger J.L., Duniway M.C., Wills S.A., and EdwardsJr T.C., 2015. Machine learning for
predicting soil classes in three semi-arid landscapes. Geoderma, 239-240: 68-83.

Etedali S., and Givi J. 2013. Qualitative land suitability evaluation for maize in Shahrekord area using FAO
method and ALES program. Journal of Water and Soil, 26: 1349-1359. (in Persian).

Foody G.M. 2002. Status of land cover classification accuracy assessment. Remote Sensing Environment, 80: 185-
201.

Givi J. 1997. Qualitative evaluation of land suitability for field and fruit. Publication No. 1015.Soil and Water

Research Instituteof Iran, Tehran, Iran. (in Persian).

Givi J. 1998. Qualitative, quantitative and economic land suitability evaluation and land production potential
prediction for the main crops of Felavarjan area, Isfahan. Agricultal Planning and Economic Research Institute. (in
Persian).

Jafari A., Ayoubi S., Khademi H., Finke P.A., and Toomanian N. 2013. Selection of a taxonomic level for soil
mapping using diversity and map purity indices: a case study from an Iranian arid region. Geomorphology, 201:
86-97.

Kamali A. 2003. Land suitability assessment for the main agricultural land uses in Abyek region, Qazvin province
using remote sensing and GIS. MSc thesis, Tehran University. (in Persian).

Mehnatkesh A. 1999. Qualitative, quantitative and economic land suitability evaluation for the main crops of
Shahrekord. MSc thesis, Isfahan University of Technology. (in Persian).

Mohammadi M. 1986. Semi-detailed soil studies report Chaharmahal-Va-Bakhtiari province (Shahrekord and
Borujen area). Iranian Soil and Water Research Institute. (in Persian).

MovahediNaeini A. 1993. Land suitability evaluation for main irrigated crops in Gorgan region. MSc thesis,
Tarbiat Modares University. (in Persian).

Pahlavan Rad M.R., Toomanian N., Khormali F., Brungard C.W., Komaki, C.B., and Bogaert P. 2014. Updating
soil survey maps using random forest and conditioned Latin hypercube sampling in the loess derived soils of
northern Iran. Geoderma, 232-234: 97-106.

Rossiter D.G. 2000. Methodology for Soil Resource Inventories. Soil Science Division, International institute for
Aerospace Survey & Earth Science (ITC). 2™ Revised Version.

Safari Y. 2011. Geostatistical assessing of qualitative land suitability for main irrigated crops in Shahrekord plain.
MSc thesis, Vali-E-Asr University of Rafsanjan. (in Persian).

SafariY., EsfandiarpourBorujeni 1., Kamali A., Salehi M.H. and Bagheri Bodaghabadi M. 2013. Qualitative land
suitability evaluation for main irrigated crops in the Shahrekord plain: A geostatistical approach compared with
conventional method. Pedosphere,23: 767-778.

Salehi M.H., Khademi H., Givi J., and KarimianEghbal M. 2004. Variability of qualitative land suitability
evaluation (parametric method) in a detailed map unit in Farrokhshahr area, Chaharmahal-Va-Bakhtiari province.
Scientific Journal of Agriculture. 27: 2.115-126. (in Persian).

Stoorvogel J., Kempen J., Heuvelink B., and Bruin S. 2009. Implementation and evaluation of existing knowledge
for digital soil mapping in Senegal. Geoderma, 149:161-170.

Van Diepen C.A., Van Keulen H., and WolfJ. 1991. Land Evaluation: From Intuition to Quantification. Advances
in Soil Science. Springer.

Zinck J.A. 1989. Physiography and soils. Lecture Notes for Soil Students. Soil Science Division. Soil Survey
Courses Subject Matter. The Netherlands.



Journal of Water and Soil (63298 @iliow g psle) S 9 O @ 5
Vol. 32, No. 1, Mar.-Apr. 2018, p. 87-99 iAo AV-39 . o IFAY Sl syl — 99,59, o) o ke Y'Y ol

Assessing the Performance of Digital Mapping Approaches for the Qualitative
Land Suitability Evaluation (A Case Study: Shahrekord Plain, Chaharmahal-
Va-Bakhtiari Province)

Z. Mosleh"'- M. H. Salehi’- A. Jafari’- A. Mehnatkesh®- I. Esfandiarpoor Borujeni’
Received:23-05-2017
Accepted:10-12-2017

Introduction: There is a concern with assessment of land performance when used for specific purposes.
Land evaluation analysis is considered as an interface between land resources and land use planning and
management. However, the conventional soil surveys are usually not useful for providing quantitative
information about the spatial distribution of soil properties that are used in many environmental studies.
Development of the computers and technology lead to digital and quantitative approaches have been developed.
These new techniques rely on finding the relationships between soil and the auxiliary information that explain
the soil forming factors or processes and finally predict soil patterns on the landscape. Different types of the
machine learning approaches have been applied for digital soil mapping of soil classes, such as the logistic and
multinomial logistic regressions, neural networks and classification trees. To our knowledge, most of the
previous studiesapplied land suitability evaluation based on the conventional approach. Therefore, the main
objective of this study was to assess the performance of digital mapping approaches for the qualitative land
suitability evaluation in the Shahrekord plain of Chaharmahal-Va- Bakhtiari province.

Materials and Methods: An area in the Shahrekord plain of Chaharmahal-Va-Bakhtiari Province, Iran,
across 32°13' and 32° 23'N, and 50° 47’ and 51° O0'E was chosen. The soils in the study area have been formed
on Quaternary shale and foliated clayey limestone deposits. Irrigated crops such as wheat, potato, maize and
alfalfa are the main land uses in the area. According to the semi-detailed soil survey, 120 pedons with
approximate distance of 750 m were excavated and soil samples were taken from different soil horizons. Soil
physicochemical properties were determined. The average of soil properties was determined by considering the
depth weighted coefficient up to 100 and 150 centimeters for annual and perennial crops, respectively.
Qualitative land suitability evaluation for main crops of the area including wheat, maize, alfalfa and potato was
determined by matching the site conditions (climatic, hydrology, vegetation and soil properties) with studied
crop requirement tables presented by Givi (5). Land suitability classes were determined using parametric
method. Land suitability classes reflect degree of suitability as S1 (suitable), S2 (moderately suitable), S3
(marginally suitable) and N (unsuitable). Different machine learning techniques, namely artificial neural
networks (ANNs), boosted regression tree (BRT), random forest (RF) and multinomial logistic regression
(MLR) were used to test the predictive power for mapping the land suitability evaluation. Terrain attributes,
normalized difference vegetation index (NDVI), clay index, carbonate index, perpendicular vegetation index
(PVI), geology map, existing soil map (1:50000 scale) and geomorphology map were used as auxiliary
information. Finally, all of the environmental covariates were projected onto the same reference system (WGS
84 UTM 39 N) and resampled to 50 * 50 m since the soil samples were collected with approximate distance of
750 m (1:50,000 scale). According to the suggested resolutions for digital soil maps, the pixel size 50 *50 m fits
to a 1:50,000 cartographic scale. Training the models was done with 80% of the data (i.e., 96 pedons) and their
validation was tested by the remaining 20% of the dataset (i.e., 24 pedons) that were split randomly. The
accuracy of the predicted soil classes was determined using error matrices and overall accuracy.

Results and Discussion: The results showed that climatic conditions are suitable (S1) for wheat and potato
whereas the most important limiting factors for maize and alfalfa were the average of minimum temperature and
average temperature, respectively. Results demonstratedthat among the studied models, random forest showed
the highest performance to predict the land suitability classes and subclasses. However, different models had the
same ability for prediction. In addition, the overall accuracy decreased from class to subclass for all of the crops.
The terrain attributes and remote sensing indices (normalized difference vegetation index and perpendicular

1, 2- Former PhD Student and Professor of Soil Science Department, University of Shahrekord, Respectively
(*-Corresponding Author Email: mosleh.zohreh@yahoo.com)

3- Assistant Professor of Soil Science Department, Shahid Bahonar University of Kerman
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vegetation index) were the most important auxiliary information to predict the land suitability classes and
subclasses.

Conclusion: Results suggest that the DSM approaches have enough accuracy for prediction of the land
suitability classes that affecting land use management. Although digital mapping approaches increase our
knowledgeabout the variation of soil properties, integrating the management of the sparse lands with different
owners should be considered as the first step for optimum soil and land use management.

Keywords: Auxiliary information, Parametric method, Pedon, Terrain attributes
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Figure 1- Soil salinity at different situations planting patterns
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Introduction: Maize (Zea mays L.) which belongs to the Poaceae family is the third important cereal crop of the
world after wheat and rice. Salinity is one of the major environmental factors limiting plant growth and productivity.
Maize is sensitive to salinity. Planting method is a crucial factor for improving crop yield. Planting methods in saline
and non-saline conditions are different. Kinetin is one of the cytokinins known to significantly improve the growth of
crop plants grown under salinity. Indole acetic acid (IAA) is also known to play a significant role in plant tolerance to
salt stress. However, little information appears to be available on the relationship between salinity tolerance and auxin
or cytokinin levels in plants. In this respect, the objective of this study was to study the effects of foliar application of
cytokinin and auxin hormones on distribution and accumulation of chlorine and some macro elements in different parts
of maize in salinity conditions.

Materials and Methods: The experiment was carried out at Bushehr Agricultural and Natural Resources Research
and Education Center, Dashtestan station with 29° 16" E latitude and 51° 31" N, longitude and 70 m above the see
surface during the 2014 growing season. Dashtestan region is a warm-arid region with 250 mm precipitation per year.
The field plowed inApril 2014 and then prepared and sowed inAugust 2014. There were five rows with 75 cm distance.
The experiment was conducted as a split-plot design based on complete randomized blocks with three replications.
Planting pattern (ridge planting, double rows of planting on a ridge in zigzag form and furrow planting) as the main
factor and use of hormone (not consumption (control), application of cytokinin hormone in the time of V8-V10 and
application of auxin hormone at the silking stage) was considered as the sub-factor. Cytokinin (Benzyl Adenine, Merck)
and Auxin (Indole-3-Butiric Acid, Merck) were sprayed on the entire plant in the evening with concentration of 50 and
10 g. I'", respectively. All traits measured on 10 randomly selected plants of each plot. Data analyzed using the SAS
(Ver.9.1) and comparing of the means was conducted using Duncan’s multiple range test.

Results and Discussion: The measured salinity of soil at a depth of 0 to 30 cm in different locations of
planting patterns and in different time period showed that in different planting patterns because salt
movement by capillary ascent and its accumulation in the ridges, salinity center stack was the highest and the
lowest salinity belonged to the furrow planting. The highest Potassium (K") and Calcium (Ca®") ions were
obtained with pattern of furrow planting, while the highest sodium ions (Na+), Chlorine ions (Cl-) and
Na+/K+ were devoted to the pattern of conventional planting (ridge planting). Foliar application of
benzyladenine (BA) and indole-3-butyric acid (IBA) sodium ions (Na+) and Na+/K+. The results showed
that in all three planting pattern the most sodium leaf was obtained without the use of hormone auxin, but the
lowest amount of sodium leaf was observed with auxin treatment. In each pattern, use of hormone leading to
increased potassium of shoot, but the largest increase was cytokinin hormone, of course, the greatest increase
was achieved by application of cytokinin hormone. In furrow planting use of hormone reduced the amount of
leaf chlorine so that most leaf chlorine was obtained without the use of hormones. While, use of cytokinin
and auxin hormones reduced the amount of leaf chlorine by 6.86 and 21.24 percent, respectively. Use of
hormone in all planting methods reduced the amount of shoot chlorine but the greatest reduction was
achieved by application of cytokinin hormone.

Conclusions: In general, it can be concluded that increasing concentrations of sodium, magnesium and chlorine in

1- Formerly PhD student in Crop Physiology, Shahid Chamran University of Ahvaz, and Teacher of Bushehr
Agricultural and Natural Resource Research and Education Center

(*- Corresponding Author Email: davanidavoud@gmail.com)
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of Ahvaz



WAY Gyl — 12959, ) 0,lods FY al> (S g ol apis VY

leaves and shoots in row planting compared to planting two rows and furrow planting could be related to higher
concentrations of these elements in the soil and in the location of the plant and as a result decrease of plant growth and
therefore higher concentration of elements in various parts of the plant in the row planting. It is concluded that use of
cytokinin and auxin especially in the furrow planting reduced the concentration of sodium, chloride and sodium to
potassium ratio and increased plant potassium and calcium concentration.

Keywords: Furrow planting, Growth stage, Foliar application, Na/K
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Table 1- physicochemical properties of soil in experimental site
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Clay Loam 43 30 27 0.3 13 350 15 0.41 7.45
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Table 2- Analysis of variance of some of soil quality indicators
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Figure 1- Effects of different tillage and cover crop treatments on soil organic carbon. Means followed by similar letter are
not significantly different at P < 0.05
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Figure 2- Effects of different tillage and cover crop treatments on soil active carbon. Means followed by similar letter are not
significantly different at P < 0.05
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Figure 3- Effects of different tillage and cover crop treatments on mean weight diameter. Means followed by similar letter are
not significantly different at P < 0.05
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(B). Means followed by similar letter are not significantly different at P < 0.05
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Introduction: Soil is a finite natural resource and non-renewable under agricultural production without
implementation of sustainable management practices. Ecological sustainability of agroecosystems can be
comparatively assessed by soil quality evaluation, which in turn is assessed by soil quality indices. Soil quality is
the general term used to refer to “the continued capacity of soil to function as a vital living system, within
ecosystem and land-use boundaries, to sustain biological productivity, maintain the quality of air and water
environments, and promote plant, animal, and human health”. Conservation tillage and use of cover crops are
some of the sustainable agriculture practices that can improve the soil quality by adding organic matter and
nutrients, and by acting as scavengers to trap leftover nutrients that otherwise might leach out. Cover crops are
used as ground cover, mulches, green manure, nurse crops, smother crops, and forage and food for animals or
humans. Given the significant role of tillage practices and crop residue management in soil quality improvement
and crop production, a four-year field experiment was conducted to determine selected soil quality indices and
Cucurbitapepo yield under different tillage and legume cover crop managements in Hamadan.

Materials and Methods: A four-year field experiment (2011-2014) was carried out at Bu-Ali Sina
University experimental field in Dastjerd, Hamadan, as a factorial experiment in randomized complete block
design with three replications. The area is located at 37 km of Hamadan, on 35° 01' N latitude and 48 31' E
langitude with 330 mm annual rainfall and 1690 m altitude. The treatments consisted of three levels of tillage
practices (NT: no-till (direct seeding), MT: minimum tillage (chisel plowing + disk) and CT: conventional tillage
(moldboard plowing + disk)) and two levels of cover cropping (C1: with legume cover crop (lathyrus sativus)
and CO: without cover crop). These treatments were applied for four consecutive years in a way that lathyrus
sativus as cover crop were planted in late winter for each year and returned to the soil surface with a trowel when
30% of the field was flowered. One week later, and prior to the cultivation of main crop, the mentioned tillage
treatments were implemented. In the fourth year of the project,Cucurbita pepo was planted as the main crop.
Soil and plant (Cucurbita pepo) were sampled early autumn (2014) and were analyzed for soil organic carbon,
soil active carbon, macro and micro-aggregate carbon, mean weighted diameter of water stable aggregates, soil
bulk density, basal microbial respiration and grain yield. Obtained data were analyzed using statistical software
SAS 9.4 and the means were compared using LSD multiple range test at 5 percent level.

Results and Discussion: The results revealed that total organic carbon, active carbon, aggregate carbon,
mean weighted diameter of water stable aggregates, bulk density, porosity and basal respiration were
significantly affected by cover crop and tillage system so that the highest amount of these indicators were
obtained in no-tillage system with cover crop treatment (NT-C1) and the lowest amounts were observed in the
conventional tillage without cover crop (CT-CO0). For instance, mean soil organic carbon increased from 0.4
percent in CT-CO to about 0.7 percent in NT-C1. For majority of soil quality indices, no significant difference
was observed between minimum and no-till; moreover, the application of cover crop in conventional tillage
improved some aspects of soil quality. For instance, MWD was the highest (2.14 mm) in NT-C1, and was not
significantly different with that of MT-C1 treatment. On the contrary, this index was significantly the lowest
(0.48 mm) in CT-CO. The C. pepo grain yield was also significantly affected by tillage system, cover crop and
their interactions. The highest grain yield (142.1 g.m--2) was obtained in MT-C1 treatment, which did not show
significant difference with NT-C1 treatment. The lowest C. pepo grain yield (115.3 g.m=-2) was observed in
conventional tillage without cover crop (CT-CO) treatment, but it was in a same statistical group with NT-CO,
MT-CO and CT-C1 treatments. Cover crop increased organic carbon, active carbon, porosity, bulk density,
microbial biomass activity and MWD by enhancing soil organic matter, probably; conservation tillage on its part
further improved these effects by preventing the rapid decomposition of organic matter by reduced soil

1, 2, 3 and 5- PhD student, Assistant Professors and Professor of Soil Science, Soil Science Department, College of
Agriculture, Bu-Ali Sina University, Hamedan, Respectively
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destruction, which eventually increased soil organic carbon, active carbon and production of stable aggregates .

Conclusions: Generally, after four years of applying different tillage practices and cover cropping, it was
demonstrated that the integrated management of the conservation tillage (either no-tillage or minimum tillage)
with legume cover cropping was the most appropriate management in the semi-arid region of Hamadan in view
of selected soil quality indices and crop yield improvements.

Keywords: Conservation tillage, Hamadan, Organic carbon fractions, Sustainable agriculture
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Table 1- Selected physical and chemical properties of soil and amendments studied
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CEC: cation exchange capacity, CCE: calcium carbonates equivalent, * Total amount of lead contaminated soil, (-): not measured
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Figure 1- Pb potential bioavailability in non-amended (C) soil and soils amended with pumice (P), leca (LE), biochar 640°C
(BI1), biochar 420°C (BI2), zeolite (Z), bentonite (BE) assessed by DTPA and EDTA extractions
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Figure 2- Effect application of different amendments on Pb bioaccumulation in the shoots, leaves and roots of maize plant
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Table 2- Effect of different amendments on soil pH and plant growth parameters and biomass of maize plant
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Level Weight (g/pot) Dry lf: iz;;ltt N“Tel:;r of Leave area index
treatment % biomass Root (cm) (cm?/pot)
Al

control 0 7.25¢ 3.28¢ 0.9238 46.54¢ 433¢ 810.8!

¥V- g

Biochar 420 1 7.31° 17.89% 2.16° 103.08° 6% 1530"
¥V g

Biochar 420 5 7.312° 24.14° 5.29° 124.79° 7.44° 3783
AR ™

Biochar 640 1 7.534 13.12¢ 1.62¢ 99.5% 6.94% 2535¢f
ARSI

Biochar 640 5 7.7 19.45° 3.96° 120° 8.66° 3435°

g

Zeolite 1 7.53¢ 12.89¢ 2.964 99.08* 7% 29774

cdg;

Zeolite 5 7.69° 19.68° 3.55% 97.64" 7% 2453°F
Bentonite 1 7.524 9.1° 1.17¢ 59.154f 54 1215"
Bentonite 5 7.68° 17.13¢ 3.15% 92.154%¢ 7% 2415

Pumice 1 7.27% 12.15¢ 1.41¢" 77.77° 6.66% 19088

Pumice 5 7.29° 16.73¢ 2.05¢ 82.05% 6.88% 2272f

K

Leca 1 7.93° 13.57¢ 1.48¢8 91.16%c¢ 7% 2685%
K

Leca 5 8.24° 16.9° 2.744 ggdee 7.33 3021°

223l 0 (P<0.05) o sime M3 (gl ygian o 5> S yitio g > b sl

Numbersfollowed by the same letter are not significantly differents (P<0.05)
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Table 3- Effect aplication of different amendments on photosynthetic pigments [Chl a, b, total Chl and carotenoids], and
SPAD value of maize plant.

slosd o a Judo S b Jidg S S5 Jedo S 9,8 S S
o3l 05 12 2,5 o 23l 0,5 y1 0,5 o BbpS ppSde ol g ke
SLia s S Suis
treatment Level Chl a Chlb Total chl carotenoids SPAD value
mg g—1 FW mg g-1 FW mg g—1 FW mg g—1 FW
Al .
Control 0 2.18¢8 1.078 3270 7311 3.48"
¥V slgn
Biochar 420 1 3.81° 1.9° 5.326° 12.813% 5.4
FV- g
Biochar 420 5 3.39° 1.73¢ 5.14° 12.126° 6.64°
AR
Biochar 640 1 3.02¢ 1.49¢ 4524 9.74f 4.64%
AT
Biochar 640 5 3.48° 1.77° 5.32° 11.09¢ 7.98°
MJ,E) d d d f
Zeolite 1 2.98 1.49 4.53 10.49° 4.75%
g
Zeolite 5 3.36° 1.91° 5.75° 10.51° 5.195%
““"9“-’ h h h
Bentonite 1 2.268 1.118 3.4 8.29 3.59
Cudgiy )
Bentonite 5 437° 2.21° 6.61° 11.49° 5.341%
i h h
Pumice 1 2.21% .12 3.34 8.12 4.52¢
il f f fd
Pumice 5 251 1.24 3.778 9.098 5.01°%
Leca 1 2.82° 1.44% 4.33¢f 9.76' 4.6¢
&ﬁj ~ ~
Leca 5 2.77° 1.38° 4.19' 9.92" 5.6°

23l 0 (P<0.05) o ime M3 gl ygian o 4> S yitio g > b sl

Numbers followed by the same letter are not significantly differents (P<0.05)
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Figure 3- Application of different amendments on activities of superoxide dismutase (SOD), catalase (CAT), peroxidase (PX)
and ascorbate peroxidase (ASP) in leaves of maize plant
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Introduction: Soil pollution with heavy metals have become a global concern because of its damaging
effects on the environment, including human health, toxicity in plants and long-term effects on soil fertility.
Heavy metals stress in plants is characterized by decrease in photosynthesis, nutrient uptake, damaging of roots
and finally plant death. Lead (Pb) is found to be the most dangerous heavy metal, responsible for reduced soil
fertility and elevated environmental pollution. Lead toxicity causes the inhibition of seed germination and exerts
adverse effects on growth and metabolic processes of plants, which retards plant and crop production. The
overproduction of reactive oxygen species (ROS) is the best indicator for secondary stress, which results in a
number of toxic effects on biochemical processes in many plant cells. The overproduction of ROS due to Pb
stress brings about changes in cellular membrane permeability, which in turn damages organelles such as nuclei,
mitochondria, and chloroplasts in plant cells which decreased plant growth and yield. Chemical stabilization is
an in situ remediation method that uses inexpensive amendments to reduce contaminant availability in polluted
soil. The aim of this study was to investigate the immobilization of lead in a calcareous contaminated soil using
two types of biochar as organic and Pumice, Leca, Zeolite and Bentonite as inorganic amendments.

Materials and Methods: In order to investigate the effect of organic amendments (biochar 640°C, and
biochar 420°C) and inorganic amendments (Pumice, Leca, Zeolite and Bentonite) on Pb stabilization in a
contaminated soil (1500 mg/kg), a greenhouse experiment using maize plant was carried out. This experiment
was conducted in a completely randomized design consisting of 6 types of amendments (Pumice, Leca, Zeolite,
Bentonite, Biochar 420°C, and Biochar 640°C) and at 1% and 5% levels of each amendment (12 amendments
plus 1 control). The experimental treatments were incubated for 3 months. At the end of incubation time, the
potential bioavailability of Pb in non-amended and amended soils was assessed by chemical extractions, as:
extraction with DTPA, with ammonium acetate and with ethylenediaminetetraacetic acid (EDTA). After the end
of incubation time, the pots were transferred to a greenhouse and in each pot five maize seeds were planted and
then reduced to three seedlings in each pot after germination. After 3 months, all the plants were harvested. The
Pb concentration in each plant, its biomass, its chlorophyll and its antioxidant enzyme activities levels were
analyzed. All statistical analyses were performed using SAS software. Means of different treatments were
compared using LSD (P <0.05) test.

Results and Discussion: The results indicated that the addition of amendments to soils reduced the
concentration of Pb extracted with DTPA and EDTA. The 5% biochar 640 had the greatest reduction effect on
DTPA-extractable Pb. The smallest concentration of Pb in the leaves and root of maize plant was observed in
treated soil with organic amendments (biochar 640°C, and biochar 420°C) and treated with 5% zeolite,
respectively. The highest increase in plant growth parameters like SPAD value, leaf area, plant height, number of
leaves per plant, dry biomass yield and dry matter of roots were observed in organic amendments compared to
the control. The application of 5% amendments in soil caused a significant increase in plant height and number
of leaves as compared to control. The increase in growth and biomass of zea mays L. under various amendments
might be due to decreased bioavailable Pb concentrations in soil amended which may be attributed to reduced Pb
toxicity through improvement of soil fertility. Also, the application of amendments resulted in a significant
increase in antioxidant enzyme activities such as superoxide dismutase (SOD), catalase (CAT), peroxidase (PX),
and ascorbate peroxidase (ASP) in maize plants compared to the control. The increase of leaves enzyme
activities with addition amendments may be due to a lower Pb accumulation in leaves because excess Pb
generates free radicals and reactive oxygen species (ROS) those causes oxidative stress in plants.

Conclusions: The results indicated that the application of amendments were successful in lowering the
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Faculty of Water and Soil Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan
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potential bioavailability of Pb in the soils. The 5% biochar 640 treatment had the greatest reduction effect on
extractable Pb. The application of amendments decreased the uptake and accumulation of Pb in maize plants, via
the reduction of DTPA- extractable Pb. The amendments also significantly increased leaves antioxidant enzyme
activities and photosynthetic pigments compared to the control.

Keywords: Antioxidant enzyme activities, Bioavailability, Lead, Maize, Remediation
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1- CVA: Critical Value Approach

2- SRA:Sufficiency Range Approach

3- DRIS: Diagnosis and Recommendation Integrated
System

4- DOP:Deviation from optimum percentage
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Table 1- Estimation of the intermediate yield through the variance cumulative functions of nutrients logarithmic ratio

Nutrients R? FC (V) =aV* +bY* +cY+d Determined yield(kg tree™)
w2l pole X Byt D ySdos
N 0.984 y=-0.000x" + 0.049x* - 4.529x + 134.7 82.33
P 0.989 y=2E-05x’+0.006x” - 1.953x + 120.0 100.01
K 0.982 y=-4E-05x +0.016x° - 2.180x + 99.77 134.16
Ca 0.975  y=-0.000x" + 0.033x" - 3.359x + 120.1 110.66
Mg 0.990 y=-5E-05x +0.021x - 2.988x + 136.8 144.01
Mn 0.953 y=-4E-05x> +0.015x° - 1.935x + 86.10 130.00
Zn 0.985 y=-5E-05x"+0.018x° - 2.446x + 114.7 126.00
Fe 0.987 y=-8E-05x" +0.029x” - 3.481x + 134.7 124.16
Cu 0.983 y=-8E-05x +0.026x° - 3.113x + 132.7 110.00
B 0982  y=-3E-05x°+0.009x* - 1.180x + 52 108.88
ool ol 955y = L9E-05x° + 0.026x - 2.745x + 103.0 98.14

Residual fraction
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Table 2- The reference norms for the nutrients related to the average of optimum yields of the studied orchards by using the

CND method
pais Jlne Gl 5ol 25808 oo ol QBN pasuis @ o dlas! e Gl 5! el drgia
alho b s Slos
=lis Standard : it Reference norms of Standard &
Nutrient deviation A.verage .Of Avera.ge of low compositional diagnosis deviation Average of V
optimum yields yields norms
N 0.186 3.00 2.28 V'x 0.142 3.47
P 0.018 0.17 0.17 V' 0.153 0.59
K 0.122 1.37 1.47 V' 0.118 2.69
Ca 0.788 332 3.11 Ve 0.187 3.55
Mg 0.076 0.36 0.42 VMg 0.133 1.34
Mn 3.352 23.40 23 Vi 0.547 -0.275
Zn 2.305 17.36 23 Vi 0.162 -3.687
Fe 7.734 75.53 89 Ve 0.138 -3.983
Cu 1.440 7.81 9.2 Ve 0.156 -4.788
B 19.60 76.24 131 Vs 0.377 -2.52
0.186 Vi 0.100 6.89

Table 3- Nutrients index and the range of sufficiency and critical for the 10 elements in the studied orchards
213 yolis Ladla Sy 3,Ses

i polie (ad s Sl sYh e S ol 1
. . . . Nutrients index Critical yield
Nutrients index The upper critical level The lower critical level 2 1
I"x Kg tree

N 10.38 -10.38 9.32 82.3
% 3.80 -3.80 2.91 100.0
I 13.03 -13.03 10.55 134.1
e, 1.46 -1.46 1.19 110.6
Py 3.05 -3.05 1.52 144.0
P 2.29 -2.29 1.44 130.0
%, 8.91 -8.91 4.92 126.0
P 77.50 -77.50 60.35 124.1
P, 5.32 -5.32 1.85 110.8
% 0.73 -0.73 0.26 108.8
Pra 1.50 -1.50 1.28
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Figure 1- the relationship between yield (Kg tree”) and nutrient balance index (r?) for the Valencia orange
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Table 4- mean comparison of nutrients concentration in high yielding and low yielding groups

bagte 3)Slac N P K Ca Mg Fe Mn Zn Cu B
Average yield
Kg tree’ % mg kg’
Valencia orange High=113 3.00 0.17 137 332 036 75 23 17 7.8 76
beilly JU5 2 Low=43 228 0.17 147 3.10 0.40 8 23 23 92 131
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Figure 2- The Principal Component Analysis (PCA) curve of nutrients and their relationship with the obtained yield of the
orange orchards
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Table 5- Factors analysis result through principle components method for the studied traits

Components Matrix

Components
Traits 1 2 3 4 5
yield 0.166 0.898 -0.375 -0.142 -0.072
N -0.835 0315 -0.177 0359  0.203
P -0.897 -0.183 -0.216 -0.169  0.186
K -0.922  -0.039 -0.020 0207 -0.240
Ca -0.436 0449  0.772  -0.033  0.062
Mg -0.982  0.011 0.035 -0.063  0.019
Fe 0998 0.024 0.017 0.045 0.005
Mn 0998 0.024 0.017 0.045 0.005
Zn 0998 0.024 0.017 0.045  0.005
Cu 0998 0.024 0.017 0.045 0.005
B 0998 0.025 0.016 0.046  0.005
R 0998 0.014 0.011 0.036  0.002

5oy polis 1 ygme 5 5 4525 gl - Jos>
Table 6- The results of nutrients effect regression analysis on the yield

s pais S 5 o Hwlwl glld o Sl
Nutrient Regression coefficient Standard error Sig.
N 99.804 32.704 1.648  3.052 0.003
Ca 70.503 32.856 1224  2.146 0.036
Fe -8800.242 2292.52 -0.327  -3.839 0.000
Zn -6409.287 3616.774 -0.157  -1.772 0.081
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Table 7- the results of soils analysis in the studied orchards

iy D0 Cduwo BEIKES Sl Luwgio sbe Bl il Abundance percentage
. . . R L. Very deficiency’ Deficiency’ sufficiency’ High*

trait minimum maximum average Deviation criteria 39008 kb 39105 colis s;

Organic carbon (%) 0.1 1.9 0.8 0.4 36 33 26 5
P 2 44 17 13 21 23 10 46

K 23 1107 380 233 3 21 13 64

Fe' 15 5 34 1 21 74 5 0

Zn’ 0.1 24 22 4 5 21 38 36

Mn" 2.5 14.6 8.4 3 0 79 13 8

cu’ 0.2 1.3 0.5 0.3 8 46 38 8
Calcite (%) 12.9 82 61 15.5 0 0 8 92
Salinity (dS m™) 0.8 7.1 44 1.4 - 15 56 28

1- organic carbon (<0.5), P (<5), K (<90), Fe (<2.5), Zn (<0.25), Mn (<2),Cu(<0.25), calcite (<5),salinity (-); 2- organic carbon (0.5-

10), P (5-10), K (90-180), Fe (2.5-5), Zn (0.25-0.5), Mn (2-4),Cu(0.5-0.25), calcite (5-10),salinity (<2); 3- organic carbon (1-1.5), P

(10-15), K (180-240), Fe (5-7.5), Zn (1-0.7), Mn (4-6),Cu(1-0.5), calcite (10-25),salinity (2-6); 4- organic carbon (>1.5), P (>15), K
(>240), Fe (>7.5), Zn (>1), Mn (>6),Cu(>1), calcite (>25),salinity (>6); *mg kg™".

(5 i 0.5-10) JT (28 ¥ ) (59 (<5) Sl (<0.25) pun (<2) 3o (<0.25) 55, (<2.5) (] (<90) gy {<5) s (<0.5) J 8-
oslty {10-15) i (1-1.5) T 30,8 =¥ €<2) 55 {5-10) Sl (0.5-0.25) o {2-4) 3510 (0.25-0.5) (5, {2.5-5) oyl (90-180) psuslsy 10)
o] (3240) paslty (>15) i (51.5) 1 1308 —F €2-6) (55 (10-25) Sl (1-0.5) o (4-6) 5510 {1-0.7) g5, {5-7.5) ] (180-240)
PSS oS e * (>6dS/M) (558 (>25) Sal (>1) e (>6) 5500 (>1) 55, >7.5)
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Introduction: Fertilizer recommendation in orchards based on soil testing is not accurate because findings
showed that there is not significant correlation between nutrients concentration in the soil and plant. Therefore,
studying the nutritional status in orchards is usually based on the plant testing. In order to evaluate the nutritional
status of plants, different methods, such as Compositional Nutrients Diagnosis (CND), Diagnosis and
Recommendation Integrated System (DRIS), Deviation from Optimum Percentage (DOP), Critical Value Approach (CVA)
and Sufficiency Range Approach (SRA) were used. In the CND method, a determination coefficient measured
which is considered as the relative superiority of this method to the others. Generally, through the CND method,
a correct perception on nutritional status of plantsmay be obtained.

Materials and Methods: The nutritional status of orange orchards, Valencia cultivar, in south of Fars
province (Darab town) was studiedusing the compositional nutrient diagnosis and multivariate statistical analysis
methods. For this, 80 orange orchards, Valencia cultivar were selected and 30 trees in each orchard were signed.
Plant samples were taken from the selected trees in the proper session and concentration of N, P, K, Ca, Mg, Mn,
Zn, Fe, Cu and B were measured using the standard methods. Then the average yield was measured at harvest.
Based on the CND method, total concentration of the nutrients in the plant was considered as a variable (Sy) plus
a residual portion (Ry) that "d" is defined as the number of nutrients in the equation and Ry is defined as the
residual value. Which sum of the equation equals 100 and it is based on percent. The residual/un measured
nutrients and estimated by using the equation of " Ry = 100- (N+P+K+...)". Thereafter, by using the standard
equations, which they were perfectly explained and presented in the material and methods section, the geometric
mean of nutrients, nutrients index, nutrient balance index, and average yield and finally the reference norms were
determined. In addition to the CND method, by using the Multivariate Statistical Analysis and Principal
Component Analysis methods, the effective and important nutrients in the yield were determined and also,
ability of the CND method was evaluated. The SPSS software was used for variance analysis the data.

Compositional nutrient diagnosis (CND) analysis and multivariate analysis methods are used to study the
nutritional diagnosis of Valencia orange orchards in south of Fars province. 80 valencia orange orchards were
selected in the region and in each of them, 30 uniform trees were marked and sampled were taken in proper time
and referenced method. Leaf elemental compositions and mean yield also were measured from selected trees for
each orchard. Data analysis divided all orchards into two low and high yield groups.

Results and Discussion: The results showed that 11 orchards were as high yielding group and 69 orchards
were as low yielding group and the average of optimum yields, 113 Kg tree”', was determined as the yield goal.
By using the average of measured nutrients norms for the high yielding community the concentration of the 10
studied elements was obtained which comprised: N 3.00£ 0.18; P 0.17+ 0.01; K 1.37£ 0.12; Ca 3.32+ 0.78; Mg
0.36+0.07; Mn 23+ 3.35; Zn 17.3+ 2.3; Fe 75+ 7.3; Cu 7.81% 1.44; B 76+ 19.4. Through comparison with the
obtained reference norms of optimum yielding orchards, more than 50% of the studied orchards had lower N, Ca
and Mn content than the obtained norm and B concentration in the high yielding group was more than 50% less
than the low yielding group. Generally, the results of Multivariate Statistical Analysis and Principal Component
Analysis showed that N, Ca, Fe and Zn had the highest effect in changes of yield.

Conclusion: Results of this work showed that 13% of the studied orchards were in the high yielding group
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and 86% of them were in the low yielding group which shows the imbalance nutritional condition in the studied
region. The positive effect of N and Ca on the yield may be due to the dilution effect which these nutrients can
reduce the B toxicity. Abundance of Mn deficiency in the studied orchards may be due to the high concentration
of Zn and Fe in the plants and antagonistic relations may be considered as the main reason. Multivariate
statistical analysis methods may be used as an important tool to study the nutritional conditions of plants.
Dominant percentage of the studied orchards showed low yield which may be due to the B toxicity which
probably N and Ca application may be all eviated the negative effect of this element.

Keywords: Compositional nutrient diagnosis, Nutrients, Orange, Reference norms
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Figure 1- Screening of phosphate solubilizing bacteria which produced halo zone in solid Sperber medium
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Table 2- Analysis of variance of insoluble phosphate dissolution capacity by bacteria used in microbial fertilizers
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Figure 2- Formation of halo by bacterial isolates in solid Sperber medium
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Figure 3- Insoluble phosphate dissolution capacity by bacterial isolates in solid Sperber medium
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Table 3- Analysis of variance of insoluble phosphate dissolution capacity by bacteria used in microbial fertilizers
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Figure 4- Mean comparisons of insoluble inorganic phosphate dissolution capacity of isolates in liquid Sperber medium
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Table 4- Analysis of variance of active microbial populations and bacterial survival at zero, two, 4 and 6 months after

inoculation
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Figure 5- Counting of microbial population in microbial fertilizers
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Figure 6 - Viability and population counting of bacteria in microbial fertilizers (stored at room temperature, without
temperature treatment) at different times
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Figure 7 - Viability and population counting of bacteria in microbial fertilizers (by applying temperature treatment) at
different times
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Table 5- Gram stain of isolates

dopl e gy
Isolate Gram type

b)l.\a‘ 9 l&w

Shape and size

RPS7 i psS
RPS9 i pyS

s sl b uS'eS
325 Sl B ouS'sS

95590 355 50 b 41 (19,500 (W (o leuign (o lwlid LG T Joua
Table 6- Results of biochemical identification of microbial isolates used in microbial fertilizers
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Table 7 - Final results of identification of microbial isolates used in microbial fertilizers

dy3u! st bobind o
Isolate Identification result

RPS7  Pantoea agglomerans RPS7
RPS9  Pantoea agglomerans RPS9
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Introduction: Application of chemical and organic carrier and its integration with useful microorganisms
including phosphate solubilizing bacteria (PSB) has facilitatedproduction of phosphate microbial fertilizers
(PMFs), which are used in granular or powder form. One of the major limitation of thesebiofertilizers is decline
or loss of PSB viable cell in the granule preparation process. Accordingly, in this study, isolation of temperature
resistant phosphate solubilizing bacteria was performed and temperature tolerance and ability to dissolve

phosphate from rock phosphate (RP) and tricalcium phosphate (TCP) sources were evaluated.

Materials and Methods: Firstly, each soil samples incubated for 16 hours at 55 °C, then dilution series were
prepared and 100 pl of four final dilutions (10-6, 10-7, 10-8, and 10-9) were used to spread on Sperber solid
medium. After spreading the microbial suspensions from the dilutions in the Sperber solid culture medium and
the appearance of colonies, screening based on the resistance to soil temperature treatment and, subsequently, the
ability to grow in a solid Sperber solid medium and dissolution of low solubility phosphate (formation of
transparent halo), was done to isolate PSB. In order toprepare PMF, each of screened PSB were cultured in NB,
andthen 1 ml of overnight culture wasmixed with 9 ml sterile distilled water and added to the basal formulation
of rock phosphate (45 g), bagasse (30 g) and sulfur (15 g) with initial temperature of20°C.Temperature
treatments (55 °C for 16 hours) of bacteria were performed in three steps: a) on sampled soils, b) pure-culture of
bacteria and c) bacteria added to the carrier. Microbial population in provided microbial fertilizer was countedin
two ways a) half of the microbial fertilizer was kept at normal temperature by maintaining the initial conditions,
b) another half after the temperature applied (55 © C for 16 hours). The semi-quantitative and quantitative test of
insoluble inorganic phosphate solubility was performed by isolates in solid and liquid Sperber medium. The 16S

rRNA molecular method was used to identify the isolated bacteria by general primers 27F and 1492R.

Results and Discussion: Five bacteria (RPS4, RPS6, RPS7, RPS8, RPS9) out of nine isolated bacteria were
able to solubilize mineral phosphate (TCP and RP) but only two isolates (RPS7 and RPS9) were resistant to
temperature (55 °C for 16 h). In tricalcium phosphate medium, the RPS9 and RPS7 bacteria had a high ability to
solubilize insoluble inorganic phosphate with average of 2.60 and 2.27 for a ratio of (HD / CD) after 12 days,
respectively. There was no halo in Sperber medium containing rock phosphate. The amount of solution in the
quantitative methods was also obtained to be 563.8 and 324.1 mg / 1 for RPS9 and RPS7 bacteria, respectively.
The prepared microbial fertilizer was counted in two ways (a): half of the sample fertilizer was kept at normal
temperature by maintaining the initial conditions; (b):after the maintaining temperature at 55 °C for 16 hours, the
population of other half was determined. During counting the initial microbial population (zero time) at normal
temperature, all bacteria used in microbial carrier had an acceptable population. During examining the
populationsof microbial in the initial carrier, RPS4, RPS6, RPS7, RPS8 and RPS9 bacteria were 3.6, 3.5, 3.6,
3.5, 3.6 and 3.5 (x106 CFU/g), respectively. After 4 months the populations were 4.6, 6.3, 9.6, 7.4 and 8.6
(%x105) and in the 6th month, the populations were 3.9, 3.8, 12.3, 4. 7 and 9.2 (x104) seeming to be favorable for
the tested bacteria. It seems that this survival time for the tested bacteria is desirable. During countingactive
population of temperature treated microbial fertilizers, the initial population of the microbial carrier (at zero
time) decreased 10 times with respect to the non-treated carrier. Active population ofRPS9 and RPS7
(temperature-resistant treatments) in the zero time was 4.5 and 4.3 (x105), respectively. Although the RPS9 and
RPS7 microbial populations were able to survive in non- temperature treatments for 6 months, it was observed
that in the treatment, this viability practically reduced to 4 months. Molecular identification of the isolates RPS7

and RPS9 revealed that they belonged to Pantoeaagglomerans .

1 and 2- PhD Student and Associate Professor of Soil Biology and Biotechnology, Faculty of Agriculture, University of
Tabriz, Iran
(*-Corresponding Author Email: rsarikhani@yahoo.com)
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Conclusions: According to the findings of this research, using phosphate solubilizing bacteria and
temperature resistant Pantoea agglomerans RPS9, recently isolated and identified, can be considered to
industrially produce granular microbial fertilizers. It is worth mentioning that further studies are required to be

carried out on the effectiveness of this formulation with these bacteria in farms.

Keywords: Formulation of microbial fertilizers, PGPR, Thermal tolerance, Viability
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Tablel- Some physical and chemical characteristics of the study soil
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Figure 1- XRD spectra of natural bentonite. Mge: Mg and ethylene glycol-saturated, Mg: Mg-saturated, Kt: K-saturated at

550°C, and K: K-saturated treatments
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Figure2- Effect of different treatments on basal microbial respiration in cadmium contaminated soil.

In all figures, different letters indicate significant differences at P< 0.05 (Tukey method) and error bars are deviations from
the criteria (n=3)
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Figure 4- Effect of different treatments on microbial carbon biomass in cadmium contaminated soil
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Figure 5- Effect of different treatments on phosphates enzyme activity in cadmium contaminated soil
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Figure 6- Effect of different treatments on dehydrogenase enzyme activity in cadmium contaminated soil
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Figure 7- Effect of different treatments on urease enzyme activity in cadmium contaminated soil
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Figure 8- Effect of different treatments on soluble and exchangeable cadmium in cadmium contaminated soil
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Table 3- The Effects of treatments on some ecophysiological indexes of studied soil
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Introduction: Rapid development of industrialization, heavy metal and radionuclide contaminants from
industrial activities have posed a major threat to the environment owing to their toxicity, non-biodegradability
and persistent accumulation. So various ecosystems are continuously contaminated with high levels of high-risk
chemicals with different structures and levels of toxicity. Cadmium is one of the high-risk elements that enters
the environment and can accumulate in the body of fish and other aquatic organisms, plants and livestock and be
transferred to the human body. Therefore, the remediation of contaminated soils with cadmium in order to
protect human health is very important. One method for remediation of pollutants is immobilization of them in
the soil by adsorbents. Among the absorbents, bentonite has been identified for its unique properties, including
high surface area and cation exchange capacity and adsorptive affinity for organic and inorganic ions, low cost
and ease of access. If the physical and chemical properties of natural bentonites are improved by a special
modification process, the adequate supplies for environmental purposes can be obtained. Among the biosorbents,
rice husk has also been reported to be suitable for adsorption of cadmium and other heavy metals. This research
was designed with the aim of decreasing the amount of cadmium in the soluble and exchangeable phase of a
polluted soil under laboratory conditions in the presence of bentonite and rice husk. Considering that biological
properties of the soil are an indicator of soil health and quality, so, after application of adsorbents, biological
properties and some soil ecophysiological indices were also investigated.

Materials and Methods: The experiment was done with 13 treatments and 3 replications in a completely
randomized design. Treatments were bentonite (B) and modified bentonite with iron (B-Fe), manganese (B-Mn),
iron and manganese together (B-Fe-Mn), rice husk (RH), modified rice husk with phosphoric acid (RH-P) in two
levels (2 and 5%) and control treatment (without adding adsorbent). Modification of bentonite was done with
iron chloride (FeCI3.6H20), manganese chloride (MnCI2.6H20) and a mixture of FeCl3.6H20 and
MnCI2.6H20. Some of the characteristics of bentonite and rice husk adsorbents including pH, electrical
conductivity, cation exchange capacity and organic carbon were measured. The contaminated soil with CdCI2
was treated with adsorbents and incubated for 2 months under constant lab conditions. After the incubation time,
soil biological properties such as basal respiration, substrate-induced respiration (SIR), microbial biomass carbon
(MBC), activity of some enzymes and also some ecophysiological indexes were measured.

Results and Discussion: The results showed that the basal respiration, SIR, MCB, activity of phosphatase,
dehydrogenase and urease were less in the control treatment. The basal respiration and phosphatase activity in
RH-P 5% treatment were 2.6 and 2.25 times more than those in the control, respectively. SIR and urease activity
were highest in RH-P 5% treatment. The application of adsorbents to contaminated soil reduced soluble and
exchangeable cadmium fraction. The lowest amount of soluble and exchangeable fraction of cadmium was in
RH-P 5% treatment that showed 2.5 times reduction in comparison to control. In other words, immobilization of
cadmium from these fractions improved soil conditions and caused increasing of biological soil properties and
activity of microorganisms. The metabolic quotient was higher in the control treatment, probably due to lower
microbial content, and decreased by adding adsorbents. Microbial quotient in control treatment was lower than
other treatments which prove again the lower biomass carbon of control treatment. Carbon availability that is the
ratio of basal respiration to SID, also was more in control in comparison to other treatments, perhaps due to the
suppress or inhibition of dormant or zymogenous microbes by cadmium in the control treatment which can be
stimulated to growth in the SIR experiment.

Conclusions: The results of this study revealed that cadmium with concentration of 30 mg kg-1has a toxic

and inhibitory effect on the microbial activity of the soil. The addition of bentonite and rice husk adsorbents in
particular modified form reduced mobility of cadmium and thus improved the biological properties of the soil
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and also had a positive effect on ecophysiological indexes.

The use of these adsorbents can be a cost effective, succeeded, and operative management strategy for
immobilization of cadmium in contaminated soils that reducing the risk of plant reclamation, washing and entry
into groundwater and food cycle.

Keywords: Adsorbente, Ecophysiological index, Enzyme activity, Microbial respiration
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Figure 1- Location of the study area indicating sampling points on alluvial plain in different land uses
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Table 1- Statistic status summarize of the study variables

S by sl Bl Sl ke Sp Sas e (D0hed e
. . . . Standard Coefficient of
Soil properties Unit Min Max Mean Skew Kurt . s .
deviation variation
EC dSm’ 0.37 7.35 1.49 2.03 5.15 1.37 91
pH - 7 8.1 7.69 -0.28 -0.31 0.26 3.58
OM % 0.26 2.15 0.85 0.87 -0.06 0.49 25.91
CaCoO; % 8 24 14.97 0.78 0.74 3.08 12.37
Sand % 52 88 77.03 -1.17 0.93 8.17 5.48
Silt % 52 39.2 16.15 1.19 0.54 8.2 23.84
Clay % 32 11.6 6.82 0.64 -0.1 2.09 24.56
Yyg 10°m’kg' 13438 17789 695.83 1.22 1.29 321.1 2131
g 10%m* kg'  133.45 1767.9 688.71 1.23 1.34 318.53 21.48
Leq % 0.52 1.73 1.04 0.41 -0.05 0.27 28.24

ol G55 0SB ublian o)k, X 1 (Calcium carbonate equivalent) Jslee puudS ly,s :CaCOj « (Organic matter) S5 Jislge :OM
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Table 2- Correlation coefficient among magnetic parameters and physicochemical properties of the studied soils

EC pH oM CaCoO, Sand Silt Clay
X -0.010™ -0.072"™ -0.061™ -325% 695%* -.630%* 0.25™
Le — -0.011™  -0.071™ -0.061™ -324% 695%* -.629%x 0.248™
ey 0.163™ -0.103™ 0.04™ 0.031™ -0.106™ 0.142"™ -0.142™

o lS58 5 SB blise 6,k 3 X 1 (Calcium carbonate equivalent) Jsls auadS @ly,s :CaCOj5 « (Organic matter) S5 Jislge :OM

&y Xed (usceptibilityHigh Frequency Magnetic ) Y4 uil5 3 3 SB wublise 4,153, X (Low Frequency Magnetic Susceptibility)

(Frequency Dependent Magnetic Susceptibility) ol 58 & dtunly (wblize

7N e gdaws )3 (gl xe®* 0 Jloin] grdaws )3 (gl (ime™
*Significant (p<0.05), ** Significant (p<0.01)
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Table 3- Mean comparison of soil properties in different land uses at 0-15 cm depth in the studied region

e ) Sl el Glda Lae s e S B g ol 02
Variable Unit Farmland Well covered pasture Degraded pasture Degraded dryland farm
EC dSm’! 2.373% 2.253% 0.805*° 0.565*°
pH - 7.66° 7.69° 7.7°% 7.73%
oM % 1.52% 0.98° 0.5°¢ 0.39°
CaCO; % 19.1° 14.23° 12.76 € 13.8%
Sand % 65.5° 84.22° 79.94° 78.44°
Silt % 28.29° 10.05°¢ 12.57" 13.68"
Clay % 6.2° 5.72° 7.48° 7.88%
Yyg 10°m’kg'  435.61° 1164.04° 664.11° 519.57°
Tig 10°m’kg'  431.07° 1152.7° 657.4° 514.06°
Teq % 1.05° 1.00° 1.08° 1.05*
i HS8S b o pre BN 18I oy G pd alidie gy L olasl
Numbers followed by the same letter in each row are not significantly different.
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Figure 4-Box plot of magnetic susceptibility (a) and frequency dependent magnetic susceptibility (b) in different land uses, 1)
degraded pasture 2) well covered pasture 3) farmland 4) degraded dryland farm
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Introduction: Soil magnetic properties reflect the complex chemical, geological and biological interactions
occur in the soil. Thus, knowledge about the factors affecting soil magnetic properties helps better understanding
and interpreting the results. The lithogenic magnetic minerals are often found in the coarse soil fractions (sand
and silt) and they have inherited from parent rocks. Weathering and soil formation factors may lead increasing or
decreasing of magnetic susceptibility. Climate and vegetation type are among the other factors affecting
magnetic susceptibility too. Amount and distribution of magnetic susceptibility may also be affected by land use.
The main objective of this research was to study the effect of different land uses and vegetation types on the
magnetic susceptibility of topsoil related to soil properties.

Materials and Methods: The study area was located in MahoonakeZiba around the Bardsir region, Kerman
Province. The moisture and temperature regimes of the study area were sub aridic and mesic, respectively. The
study area is located in the alluvial plain with igneous parent material originated from andesite, volcanic tuff,
anddacite. Four land uses including farmland, well-covered pasture, disturbed pasture and degraded dryland
farm with similar climate, topography, and parent material were selected. Overall, 60 complex surface samples
were collected from the depth of 0-15 cm. The physicochemical analyses were done on the samples after that the
soils were air dried, crushed, and passed through a 2 mm sieve. The soils magnetic susceptibility (¢) in low (0.46

kHz) and high (4.6 kHz) frequencies were measured using the Bartington MS2 dual frequency sensor in two
replications. The frequency depended magnetic susceptibility (“fd %) was calculated as a development index of
soil forming factors reflecting ferrimagnetic particle sizes.

Results and Discussion: The pH of studied soils were in the range of neutral to alkaline and had the lowest
coefficient of variance between measured parameters. The average of soil EC was 1.76 dS/m with a high
coefficient of variance. The lowest amount of organic matter was in land use ofdegraded drylandfarm (0.26 %)
and the highest was in farmland (2.15 %). The lowest amount of calcium carbonate with the coefficient of
variance 12.37 % measured in the degraded pasture and its maximum was in the farmland. The loamy sand and
sandy loam textural classes were found in the area under study. The minimum and maximum amounts of*lf were
determined in farmland (134.8x 10°®* m’ kg™ )and well-coveredpasture (1778.9 x10® m’ kg™ ), respectively and the

relatively high mean value was 695.83 x 10® m’® kg'. The topsoil of the study area was formed on alluvial

deposits with a parent material originated from igneous andesite, tuff and dacite rocks. The high values of
magnetic susceptibility of all soils under study could be attributed to the existence of initial magnetic minerals
inherited from the parent material. The statistical analysis revealed a significant difference among *If values
(p<0.05). The average measured *f values decreased in the order of well-covered pasture, disturbed pasture,
degraded dryland farm, and farmland. The cultivated soils showed significantly lower magnetic susceptibility
values compared to natural vegetative land uses. The type of irrigation water and fertilization could have affected
calcium carbonate and salt contents of soils. The lower amounts of magnetic susceptibility observed in soils were
attributed to the higher amounts of calcium carbonate and salts. It seems that irrigation has led to decrease of soil
wetting-drying periods which in turn decreased transformation of nonmagnetic to magnetic forms of minerals.
The calculated *fd in the range of 0.52 to 1.73 percent indicated the presence of multidomain particles induced
from igneous parent materials as the main source of magnetic susceptibility in the studied area. The variability of
most measured soil properties determined in different land uses was statistically significant. There was a
significant positive correlation between magnetic susceptibility and sand content. On the other hand, a
significant negative correlation among magnetic susceptibility, silt and calcium carbonate contents were

1 and 2- Ph.D. Student and Professor, Department of Soil Science, Faculty of Agriculture, Shahid Bahonar University
of Kerman
(*- Corresponding Author Email: farpoor@uk.ac.ir)
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observed. Besides, the kind of vegetation cover affects the amount of soil magnetic susceptibility. In the well-
covered pasture, the vegetation is usually C4 type. While, the farmland soils were usually covered by C3 plants
including wheat, barley, and alfalfa. According to human-induced erosion and over grazing in degraded pasture
and dryland, very scarce vegetation was found. Therefore, it seems that C4 plants present in soils of well-
covered pasture played a role in increasing the topsoil magnetic susceptibility in this land use.

Conclusion: The results showed that, type of land use and vegetation cover have caused the formation and
accumulation of soil magnetic minerals by affecting soil forming processes and changing the soil properties.

Keywords: Central Iran, Magnetic parameters, Farmland, Pasture, Soil magnetism
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Figure 1- Map of Strawberry Production Range in Kurdistan Province
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Table 1- Kurtosis and swing rate of date of the temperatures at the station of Sanandaj
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Variables Average swing rate coefficient of kurtosis
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(first critical temperature) ~ March 29 March 6 to March 29 '
‘_sjl);q «lod u;);\ ):.:"23 Jb)o 20 o 8 )'l 0.048

(last critical temperature) July 23 July 8 to August 2

sy b Jsb (slajg sl 59,116.5 59, 147 5 59,97 ) 0011

(days of growing) 116.5 days From 97 days to 147 days '
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Table 2- Correlation between the date of occurrence of the latest minimum temperature and annual strawberry production
in Sanandaj

Date of last minimum Date of last minimum Performance Under cultivation
years . .

temperature rating temperature rating (ha)
1381 3 1.11 3 1500
1382 3 1.10 3 1530
1383 1 1.29 2 1560
1384 4 1.7 4 1620
1385 9 12.6 5 1625
1386 3 1.10 3 1620
1387 8 12.15 7 1358
1388 7 12.28 6 1300
1389 7 12.28 2 1310
1390 10 12.8 6 1300
1391 8 12.25 7 1310
1392 6 1.1 8 1410
1393 7 12.29 10 1450
1394 7 12.25 10 1600
1395 7 12.21 10 1650
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Table 3- Correlation coefficient of the occurrence date of the last critical temperature and average monthly temperature of

March of Sanandaj
S slod (31 4 ol (slod (2 31 &)U 2298 (slod (Sl

Ll Date of last minimum temperature Date of last minimum Average April

rating temperature Temperature
1381 3 1.11 10.0
1382 3 1.10 11.0
1383 1 1.29 10.5
1384 4 1.7 11.3
1385 10 12.6 12.6
1386 3 1.10 9.9
1387 8 12.15 14.4
1388 7 12.28 9.4
1389 7 12.28 12.3
1390 10 12.8 11.8
1391 8 12.25 12.1
1392 5 1.1 11.7
1393 6 12.29 11.6
1394 6 12.25 11.2
1395 6 12.21 11.5
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Table 4- Correlation of minimum monthly temperature of March of Sanandaj with strawberry performance

Jw 95952 Gllo Jilas glod

(5 545) (058 o9 3, Shas

(,L52) CuisS 55 aw

years April minimum temperature Performance of strawberry (kg) Under cultivation (ha)

1381 1.6 351 75
1382 -1 351 70
1383 0.6 360 75
1384 2.8 405 40
1385 0.2 414 40
1386 0.8 414 12
1387 -1 394 11
1388 1.6 390 10
1389 0.5 270 15
1390 0.4 300 10
1391 0.6 420 100
1392 5 450 200
1393 5 480 150
1394 1,6 480 22
1395 -1 480 50
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Table 5- Spearman correlation coefficient The average monthly temperature of April and annual yield of strawberry in
Sanandaj

Bl (23598 o (il 4
years  April average rating

3,5des (150 45

Performance rating Under cultivation (ha)

2S5 ek

1381 2 2 1500
1382 2 2 1530
1383 2 2 1560
1384 3 3 1620
1385 4 3 1625
1386 2 3 1620
1387 6 3 1358
1388 2 2 1300
1389 4 2 1310
1390 3 2 1300
1391 4 4 1310
1392 3 3 1410
1393 3 3 1450
1394 3 3 1600
1395 3 3 1650
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Table 6- Percentage probability of the occurrence date of the first critical temperature

eyl %10 9,20 %50 %70 %75 %90 %95 %99
Likelihood of occurrence
CuiS5l 090 sl Aol dl.2 Jl.3 Jl4 4,10 4JL.20 4,100
Return period 1 years 1years 2years 3years 4years 10years 20year 100 years
505 SANANDAJ jul/12 - jul/18  jul/25  juli28  jul/29 jul/31 aug/1 aug/3
Date O&f}e ;ci;rrence MARIVAN jul/it  jul/13 jul/17 - juli2l jul/22 jul/i2s jul27 /31jul
KAMYARAN jul/13 - /15ul  jul/2l /2jul jul/25 jul/28 jul/31 jul/a
S gbd (23T £989 G U Sl o p3 Y Jgoe
Table 7- Percentage probability of the occurrence date of the last critical temperature
ey Jlenlaoy 10%  20%  50%  70%  75%  90%  95%  99%
Likelihood of occurrence
CuiS 3 0,93 dlul ALl A2 43 b4 dLl0 dL200 JLl00
Return period 1 years 1years 2years 3years 4years 10years 20years 100 years
E9Py &b SANANDAJ Mar/13 Mar/19  Apr/l Apr/8  Apr/10  Apr/18  Apr/23 Apr/31
Date of occurrence MARIVAN /18Mar Mar/23  Apr/l Apr/7 Apr/9 Apr/15 Apr/19 Apr/26
KAMYARAN Mar/13 Mar/18 Mar/26  Apr/l Apr/2 Apr/8 Apr/12 Apr/18
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Table 8- Comparison of the average maximum temperature of the base (1961-2005) and the produced data (2059-2020 and

2060-2099)

ole ohanlda 0,93 20592020  2099-2060
month Observation period

jan 15.437 14.15 13.885
feb 14.745 13.6 13.379
mar 15.002 15.14 15.236
apr 17.203 19.226 19.232
may 20.66 22.858 2276
jun 24.477 26373 26.164
jul 27.528 28919 28.847
aug 28344 28.966 29.162
sep 27.858 27.36 27253
oct 24.907 23.034 22.623
nov 21.586 19.535 19.15
dec 18.126 16.353 16.084
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Comparison of observation temperature with generated data
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Fig 2- Comparison of temperature and simulated temperature
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Table 9- Comparison of the average maximum temperature of the base (1961-2005) and the produced data (2059-2020 and

2060-2099)
tels « "‘"’Lf“’ °9 20592020  2099-2060
month Observation period

jan 1.397 0.484 0.375
feb 1.093 0.529 0.446
mar 1.536 1.721 1.857
apr 3.244 4.486 4.527
may 5.713 6.998 7.186
jun 7.89 9.106 9.584
jul 9.554 10.329 10.695
aug 10.064 10.103 10.178
sep 9.403 9.001 8.93
oct 7.239 5.942 5.805
nov 5.198 3.418 3.417

dec 2.942 1.646 1.457
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Introduction: The effect of climate factors plays an important role on agricultural products. In this case,

there is not enough knowledge about the role of climatic elements in agricultural planning, therefore, there
wouldnot be much achievements because it is proved that in most cases, the low yield of agricultural products is
the result of not keeping and being unable to create a balanced climate. Temperature stresses are one of the most
important factors in plant growth. In most plants, when the plant is exposed to extreme temperatures,
physiological changes may prevent optimal plant growth. Therefore, plants need a specific temperature range for
optimum growth and stepping outside of range is considered as a stress. Strawberries are generally herbaceous
plants that are one of the most sedentary, dense, isolated petals without stems, more or less articulate with lower
leaves and narrow stolon that are sensitive to temperature stresses. This temperature fluctuation causes major
annual damage. Therefore, this study was carried out to investigate the extreme temperatures in the strawberry
growing area in Kurdistan province (Sanandaj-Marivan-Kamyaran) and the effect of these stressful temperatures
on strawberry yield, as well as future temperature prediction and future effects were investigated.

Methods and Approaches: In this study, the average daily temperature, maximum daily temperature and

minimum daily temperature duringthe years 1381-1395 were obtained from Iran Meteorological Organization
and the occurrence date of the last temperature (spring minimum temperature) for strawberry (5 © C), which is
actually the date of the beginning of the strawberry growth period. Also, the date of occurrence of the first stress
temperature (maximum summer temperature) for strawberry (35 ° C) and the length of growth period of
strawberry were estimated in the studied years. Data from the production and yield of strawberries were
collected from the Jihad Agriculture Organization in Kurdistan province during this 15-year period. In order to
study the effect of extreme temperature and the occurrence date of this temperature on the yield of strawberry,
using Spearman correlation coefficient (SPSS), correlation between severe temperature and strawberry yield was
calculated. Finally, in order to investigate the effect of climate change on the maximum and minimum
temperature data in the future, using the SDSM model under the rcp26 scenario, CMIP5 climate scenarios were
produced in the 2050-2020 and 2099-2099 periods.

Results and Discussion: The results indicated that the date of the extreme temperature did not change much

and the latter extreme temperatures have tended to be more prevalent in the spring. The onset of the first extreme
temperatures is also early in the summer of late July and we see an almost short (four-month) growth season for
the growth of outdoor strawberries. Minimum temperature has the greatest effect on the yield of strawberries in
April and the maximum temperature has the greatest impact in July. This issue is justified by the unfavorable
temperature for growing strawberries and low yields in these months. The highest correlation between monthly
average temperature and monthly yield of strawberries is in May and June. The simulated future data shows that
in the months of the growing season (spring and summer), the temperature increases one to two degrees and the
early minimum temperature and the maximum summer temperature will be lower than the base period.

Conclusion: The results of the correlation calculation between the date of the last event and the first critical

temperature indicate a weak correlation, and it can be concluded that the occurrence of the first and the last
extreme temperatures does not affect each other. The results of the study of the effect of the monthly average
temperature on the monthly yield of strawberries in May and June showed that the average daily temperature of
12 to 25 °C, especially 17 to 20 °C, is higher on strawberries. Temperature higher and lower than this range (12
to 25 °C) reduces or stops growth. According to the data produced, the final temperature (minimum spring
temperature) occurs a little earlier, and strawberries begin to grow in early March, but this could be risky and a
sudden cold time causes a lot of damage. The maximum summer temperatures are also higher. This is true

1, 2, 3- Ph.D. in Agriclimatology and Professors of Department of Climatology, Kharazmi University of Tehran
(*-Corresponding Author Email: Samanfashkhorani65@gmail.com)
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especially in June, when strawberries have the highest yield, it is not good and it stops plant growth. The
strawberry growth season is expected to begin in March and end in June. Therefore, measures should be taken to
prevent possible damage by raising awareness of the subject.

Keywords: Growth period, SDSM model, Temperature potential
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Figure 1- Geographical location of the study site
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Table 1- Summary of seasonal and annual statistical correlations between TSR and PAR for Clear Sky conditions
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Table 2- : Seasonal and annual statistical correlations between TSR and PAR for partly cloudy conditions
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Table 4- Summary of monthly, seasonal and annual statistical correlations between TSR and PAR for all sky conditions
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Table 5- The ratio of photosynthetic active radiation to total solar radiation (monthly)
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Table 6- The ratio of photosynthetic active radiation to total solar radiation (PAR / TSR) in seasonal and annual time scales
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Introduction: Exposure of human, animal and plants to sunlight has a major role for their growth. One of the
most important applications of solar radiation is the agricultural sector. Photosynthesis is a photobiological
phenomenon that depicts the ability of plants to convert light energy into chemical energy. In fact, if we provide
suitable water and temperature, plant growth and consequently crop yields are directly dependent on
photosynthetic active radiation (PAR). Regarding the importance of monitoring of PAR flux in agriculture,
unfortunately, in most meteorological stations, this parameter is not routinely measured, as its determination is
acostly process.

Materials and Methods: In this study, the radiation parameters were measured in a meteorological station
located at the faculty of Agriculture, Bu-Ali Sina University in Hamedan. The station has a geographical position
of 34 degrees and 47.91 minutes North latitude, 48 degrees and 28.98 minutes Eastern longitude and 1851
meters above sea level in an open space land inside the university campus (Hamedan, Iran). The climate of
Hamedan is cold and semi-arid.Geonica Data Logger (GDL) and the PAR detector asradiation devices wereused
in this study. The scientific name Pyronometer light sensor which is connected to GDL is LPO2 (Huksellux).
The sensitivity of the sensor is between zero to 2000 watts per square meter, and its spectroral response
rangesfrom 305 to 2800 nm. The intensity of the irradiance measured by the PAR device is from zero to 2000
umols/(m2.sec) and its spectroral response covers 380 nm to 750 nm. The method used inthis workwas to
measure daily PAR data from a PAR device (ELE) at least four times a day at a local time from April 2016 to
February 2017. At the same time, the TSR data was also recorded bythe Geonica Loggerin nearby
meteorological site. In this study, simple linear regression and exponential regression wereemployedto
investigate the relationship between the TSR data(independent variable, predectors) and the PAR variable (a
dependent variable). Using SPSS software, 70%of the data was used to construct the regression relationships and
the remainder for evaluating the accuracy of the obtained relationships. Due to the different weather conditions,
the measured data are divided into four groups: Clear Sky, Partly Cloudy Sky, Overcast, and All Condition (All
sky). To report the cloudiness, Okta unit is used parts (e.g. each Okta corresponds to about 12.5% cloud
coverage).

Results and Discussion: The analysis of regression relationshipbetween TSR and PAR in the clear sky,
partly cloudy sky, overcast and all sky wasperformed for monthly, seasonal and annual scales. There wasa linear
relationship between TSR and PAR fluxes. This linear relationship decreasedwith increasing cloudiness for both
monthly and seasonal scales. These results were compared with those ofEscobedo et al. (2009) whomodelled
hourly and daily fractions of UV, PAR and NIR to global solar radiation under various sky conditions at
Botucatu, Brazil. Our findings were also in good agreement with their results, as they also observed a linear
correlation between PAR and TSR fluxes at Botucatu. Moreover, the ratio between PAR and TSR was
determined for all time scales. Our results showed that the highest and lowest ratio of PAR /TSR occurs in July
(0.448) and February (0.407), respectively. Onseasonal and annual scales, the ratio PAR /TSR increasedas the
sky conditions changed from the clear sky to the cloudy sky, mainly because of the effect of cloudiness. Cloudy
sky absorbs longer wavelength radiation of solar spectrum (such as infrared radiation) ascompared withshort
wavelengths (such as PAR and UV). This increases the radiation proportions from the clear sky to the cloudy
Sky. Our results are in good agreement with the results of Alados et al. (southeast Spain), Papaioannou et al.
(Athens), Jacovides and et al. (Eastern Mediterranean basin) and Udo and Aro in central Nigeriawhoexamined
the PAR/TSR ratio.

Conclusion: In the present study, the following results were achieved:

In monthly, seasonal and annual time scales, there wasa linear regression relationship between PAR and TSR
varying with the change in clouds cover. The best correlations were observed in June and July, but the

1 and 2- Professor in Meteorology and Graduate M.Sc student of Agricultural Meteorology, Faculty of Agriculture,
Bu-Ali Sina University, Hamedan, Iran
(*-Corresponding Author Email: swsabzi@basu.ac.ir)
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correlation coefficients decreased from October to February (autumn and winter) due to the increased cloudiness.

The PAR/TSRratio in the seasonal time scale showed an increment as the cloud cover increased. On annual
scale, the ratio of photosynthetic active radiation (PAR) to total global irradiance (TSR) increased from 0.430 in
clear sky to 0.489 in overcast condition.

Keywords: Atmospheric conditions, Effect of cloudiness, Hamedan, Radiation fraction PAR/TSR
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