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Introduction

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

Materials and Methods

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

Results and Discussion

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

Conclusion

The results showed that the Wucols method has the best and closest estimate according to the irrigation records
of the study area. The gross irrigation requirement calculated by the Wucols method during a year is 794.8 mm,
which is 12% less than the gross annual irrigation requirement of the studied green space. While PF and IPOS
methods determined the amount of gross demand 20 and 62% less than the annual irrigation rate in the region,
respectively. The results of this study show that the Wucols method for estimating the water requirement of plants
in urban green space where there is a combination of different plant species is more reliable than the PF and IPOS
methods due to the diversity of species, vegetation density and different climates.
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Figure 1- Aerial photo of Karaj Department of Agriculture and Natural Resources
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Table 2- Plant coefficient of grass types (South Australian Water Corporation-IPOS Consulting, 2008)

(> £99) Type of grass

(8 ym3 30 (o) Cold grass

(s ysm0 )5 (302) Tropical grass

28 <o s (Ke) Plant coefficient

0.8-0.95

0.6-0.8

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

«u4ib) Classification TQVS

TQVS1
(€S g o )5kl e Q

TQVS?2

TQVS3 TQVS4

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

(cao) Description

Premier sports turf
(2 59 oo2)

Local sports turf Passive recreational turf
) (im0 5 (02)
0.6 0.5 0.4
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Table 4- Gross irrigation requirements for each season
(u¥9,) Method (%) Spring (¢osbwsls) Summer (3xb) Autumn (ot 3) Winter
Woucols 226.5 mm 299.2 mm 178 mm 91 mm
PF 205.92 mm 272 mm 161.9 mm 82.9 mm

Ipos 98.82 mm 130.67 mm 77.65 mm 39.75 mm
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Introduction

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

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

Materials and Methods

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

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

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

Keywords: Calibration, IHACRES Model, Rainfall-Runoff Simulation, Shoor Ghaen River
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Figure 1- The catchment of Shoor river in Ghaen
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Figure 2— The observed mean values of monthly rainfall (mm) and runoff flow (cubic meters per second)
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Table 1- Characteristcs of Khonik-Ulia hydrometric and Ghaen synoptic stations
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Figure 4- Observed and simulated flow by ARMAX method in calibration section
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Figure 5- Observed and simulated flow by ARMAX method in the validation section
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Table 3- Calculated values of evaluation criteria in
calibration and validation sections by ARMAX linear
method
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Table 4- Information about peak flow and time to peak flow by ARMAX method in calibration section
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Table 5- Information about the peak flow and the time to reach the peak flow by ARMAX method in the validation section
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Table 6- Optimal values of parameters with EXPUH linear method
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Table 7- Calculated values of evaluation criteria in calibration and validation sections by EXPUH linear method
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Figure 6- Observed and simulated flow by EXPUH method in calibration section
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Figure 7- Observed and simulated flow by EXPUH method in the validation section
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Table 8- Information about peak flow and time to reach peak flow by EXPUH method in calibration section
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Table 9- Information about the peak flow and the time to reach the peak flow by EXPUH method in the validation section
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Introduction

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

Materials and Methods

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

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

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

Conclusion

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

Keywords: Bacillus subtilis, Bioremediation, Cadmium, Pseudomonas putid, Soil pollution
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chelator concentration: 1 mM)
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Introduction

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

Materials and Methods

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

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

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

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

Keywords: Growth characteristics, Heavy metals, Soil improving compounds
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Table 2- Physical and chemical properties of the biochar used.
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Table 3- Analysis of variance for effects of salisilic acid (SA), Pb, and biochar (BC) on characteristics of aerial parts of thyme
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Source of df Plant height Leaf dry weight Soluble sugars Proline Pb
variation

* * * * *

Sl Skl 2 68.5 206.8 1.15 1845 0.63
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A
* * * ke Sk
e 2 87.9 269.8 1.26 9739 30.9
Pb (B)
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* Sl * *k
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o * * aox
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ns, **, * represent non-significant and significant at the probability levels of 1% 5%, respectively.
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Figure 1- Mean comparisons of interaction effect of Pb, biochar (BC) and salisilic acid (SA) on prolin content in thyme
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Table 4- Analysis of variance for effects of salisilic acid (SA), biochar (BC) and Pb stress on root characteristics of thyme
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s Eror 54 25.9 2.39 5.85
&yt 0 (CV) (%) - 8.8 9.6 13.8
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ns, **, * represent non-significant and significant at the probability levels of 1% 5%, respectively.
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Table 5- Mean comparisons of interaction effects of salicylic acid (SA), biochar (BC) and Pb stress on characteristics of

thyme
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Al Pb level Root dry length volume Leaf dry height Soluble concentration
SA level (mg/kg) weight (cm/pot) yemfpot(  Weight Yem/pot( sugars (mg/kg)
(umol/l) (9/pot) (9/pot) )mg/kg(
0 3.53® 23.4Mk 27.7¢f 56604 30.1%c 0.25%¢ 1.3-m
0 150 3.36" 20.6% 17.5m 5.22¢ 27.3% 0.33%¢ 3.26"
300 3.21° 13.9' 10.3" 5.09¢ 25.4¢ 0.342b¢ 4.832
0 3.76% 26.9° 408K 5.87*4  30.8%c 0.32%¢ 0.961m
0 150 150 3.53® 21.7Kk 37.5M  52gbed 39 pabc 0.32%¢ 2.92¢
300 3.4% 20.5% 29.4--m 5.23¢ 26.0%¢ 0.41% 3.88P
0 4.01% 30.6°¢ 57.5%¢  6.42%d  31.6%° 0.30%c 0.79Km
300 150 3.71® 23.4hk 4320k 6.31%¢  31.43%c 0.40%® 2.3149
300 3.51® 21.6% 33.1m  561*d  30.3%c 0.462 3.31bc
0 3.63%® 25.1M 369! 5.56%¢  32.6%c 0.14bcd 0.89im
0 150 3.46%® 22 .41k 30-m 5.45bcd 28 ghe 0.21%¢ 2.92¢d
300 3.3b 22K 20.5'™  5.44bd 26,75 0.29%c 3.91%®
0 4.16% 27.8¢% 60.5%¢  6.41*¢  35.6%° 0.22%¢ 0.72'm
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0 4.62% 32.2° 67 6.45%d 29% 0.20%¢ 0.56™
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300 3.93® 28.4%9 451 5.91*¢  38.6%c 0.43% 2.2249
0 4.65% 26.2¢ 53.5>F  §.58%d 33 .4dbc 0.07¢ 0.86Km
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300 4,33 29.8¢f A475%T  6.23%0  34.4%c 0.30%¢ 2.46%9
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Introduction

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

Material and Methods

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

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

Conclusion

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

Keywords: Almond (Prunus amygdalus), GF rootstock, Nitrogen, Phosphorus, Zinc
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1- Time Domain Reflectometry (TDR)
2- Pressure plate
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Table 2- Anova table for the effects of rootstock, drought stress and mycorrhizae fungi on nutrient elements

ol

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

o>V g0 ghaw 3 x5 lgne b a4

#% % NS

99

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

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

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

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

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

ol 5SSl (glasels din 90l 2o yd O paws ;3 Yl me MBS pue s Ui gtw ya p> lie g y>
Means in an each column by a different letter are significantly different (P < 0.05) by Duncan’s Multiple range test.
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Table 5- Mean comparison of the significant interaction effect of rootstock and Mycorrhizae fungi on nutrient elements
concentration

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

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

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

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

Mo 30.95" 27.5° 56.5" 1.2¢ 2.48¢

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

! sty (K)

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

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

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

Multiple range test.
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Table 7- Mean comparison of the significant interaction effect of rootstock and drought stress on nutrient elements
concentration

ab e 3455w (B) sg2 (Fe) oo (K) paliy (N) o394
Rootstock Stress Mycorrhizae (mg Kg?) o,55kS 13 0,5 Lo (%) w0y
11 M1 52° 81 1.4 efani 342
Mo 51.2 defohi 68 oni 1.43 defghi 3.15 bde
12 M1 46.6 9ni 74 1.673bcde 3.32%®
Mo 46.8 foni 70 fon 1.330hik 2.64
GF
13 M1 493 bedef 72.3¢ 1.65 acd 3.20 @
Mo 441 64.7 i 1.32fhijk! 3.020cdef
14 M1 45.8 K 78 1812 3.060c0ef
Mo 51.6%® 68 " 1.70 @c 2.73fhik
11 M1 45.9 ikl 73.6 ¢ 1.47 defgh 3.30%®
Mo 48.30efani 70.6 % 1.13m 3.06 Pede
12 M1 48.9°0¢fo 7770 1.53 bedefy 3.23 ¢
Mo 43.8 foni 70.7 oefo 1.16 Kim 3.05 bedef
GN .
13 My 46490k 76t 173 3.03bedef
Mo 46 i 70.3 €10 1.55 bedefy 2.661Nk
14 M1 45.7 I 70.7 oefo 180¢ 2.97cdefon
Mo 50 abede 65.71 1.56 bedef 2.63'k
11 M1 48.9 cefo 66.6 1.12m 3 bedeg
Mo 47 gefoni 61.6'm 1.19 Jm 2.89 defohi
12 My 50.8 acd 58.4 nop 1.28 hilkim 3.14 bed
Mo 48.59%fgh 63.4 Jim 1.164m 2.62 1k
Shorab 13 Mz 47 foni 62 "op 1.12m 2.78 efohii
Mo 45.2 54.34 1.64 abed 2.66 ik
14 M1 47 foohi 63.3 Jkim 1.50 cdefgn 2.62 1k
Mo 451 53.31 1.40 efoni 2.24'm
11 M1 331" 66 Uk 1.22 iikim 2.68 ohik
Mo 28.3° 58 o 1.19 Jim 2.60
12 M1 375M 61 me 11.13m 2.96 cdefgn
Mo 29° 53.6 df 1.12'm 2.90 defohi
Talkh _ _
13 M1 3240 63.6 Jim 1.460%f0n 2.50
Mo 36.7M 58.3 P 1.40 efonii 2.42m
14 M1 29.8° 63 Kim 1.18 Jkim 2.50
Mo 28.7° 569 Lwom 2.02™

] 5SSl (glasaly dix 905l Mo yd O prdaw )3 I ixe BB pus ok LS ety 5D wlie gy
Means in an each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.
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Introduction

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

Materials and Methods

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

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

Conclusion

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

Keywords: Crop yield, Expert opinion, Management system, Principal component analysis, Soil quality
index
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1- Minimum data set (MDS)
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2- Analytic hierarchical analysis (AHP)
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1- Soil quality indices (SQI)
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Table 1- Descriptive statistics of the soil properties in the study area

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

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

hw fSrls
Surface Soil profile
Jan ol P10 P13 P12 P2 P10 P13 P12 P2
Soil profile No.
. ! o oyl
e dlabo iy o) Soos s S otac Wl 2l )y Sood > S otas s3llin
Management Binalood =
Range land Smallholder total owner Range land Stallholder total owner Binalood
system company Inaloo
company
o2k 11 5.65 54 6.1 7.6 6.40 54 6
Na (meq /1)
S b Al 9.3 4.55 41 3.6 4.7 43 4.13 33
EC (dS/ m)
055 13 21 28 36 13 16 20 30
N (mg/ kg)
- 2 4 12 10 5 6 7 8
P (mg/ kg)
- 63 66 215 230 60 67 180 178
K (mg/ kg)
S 10 8 13 18 12 12 10 12
Silt (%)
o 30 34 40 68 40 38 44 53
Sand (%)
o 60 58 47 14 48 50 46 35
Clay (%)
o of 0.37 0.30 0.36 0.36 0.28 0.18 0.20 0.20
OC (%)
Jolee S S8 21.25 18.5 16.8 15 16.30 155 14.30 16.40
CCE (%)
s 5.45 1.8 1.65 0.9 0.5 0.30 0.20 0.2
SAR
pH 8 7.9 7.7 7.7 7.7 7.65 7.75 7.7
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Table 3- Results of four principal component analysis of the surface soil properties affecting soil quality

Jolalge g allie g alie o)l adlie

Principal components

PC1 PC2 PC3 PC4

ks B 4.067 2.756 1.587 1.222
Eigen value

o=y 33.88 22.96 13.22 10.18
% Variance
.

w2 o)l 33.88 56.85 70.07 80.26

% Cumulative variance
Factor loadings (Rotated component matrix)

o2

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

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

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

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

e o LS |y doyd SO Jlein] pdaw ) (S alaly 39y I3 Gixe ¥
« Correlation is significant at the 0.01 probability level.
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0lsS 4udS )0 mawly Cuonl g jiud 0y (9 YU g i 93 (o
(0 Jgi) 5 el ool Jolus lgicdy yuiie 93 o

Jol 4o gy (510 SB CodS 2 350 (P9 i p8) E)SE S S g ol (sadlie & 45205 gl -0 Jooa
Table 5- Results of five principal component analysis of the soil profile properties (weight factor) affecting soil quality

Jolallae  egdadlie  pgw dllie  o,lka Alie o2y allde

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

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

Parameter Na Silt Clay K P oC pH

Na 1

Silt 0.60%x 1
Clay 0.03 0.18 1

K 0.23 0.61* 0.08 1

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

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

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

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

PC1 PC2 PC3 PC4
o3 P 463 2.19 1.41 1.22

Eigen value
oy 3858  18.28 11.80 10.23

% variance
e o)l 3858  56.87 68.67 78.91

% Cumulative variance
Factor loadings (Rotated component matrix)

(o2

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

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

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

VA

a3 e bt |y o ps SO Jlein] o > (Siase daily (392 I3 gixe H*
*x Correlation is significant at the 0.01 probability level.
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Sig 0l 3 oy ay Jleinl waw 53 (S (ke dlie
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JaMDSthJSlA"guAhUASB “”g-*; Al
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MDS acgoxo 4d blide oo o saiblw ) SB CudS (adld -4 Jgus
Table 9- Soil quality index of the different management units in the MDS

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

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

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

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

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

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

sodic soils.

Material and Methods

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

Results and Discussion
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