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1- Temptation

2- Volume

3- Pan Evaporation

4- Crop Coefficient Factor
5- Irrigated Area

6- Irrigation Efficiency
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Table 1- Chemical and physical characteristics of soil for experimental site (depth 0-30 cm )
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Figure 1- Interaction irrigation levels based on water requirement and cultivation techniques on ear yield of sweet
corn. Means with the similar letters based on LSD test are not significantly different at p<0.05.
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Figure 2- Interaction irrigation levels based on water requirement and cultivation techniques on canned yield of
sweet corn. Means with the similar letters based on LSD test are not significantly different at p<0.05.
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Figure 3- Interaction irrigation levels based on water requirement and cultivation techniques on water
consumption sweet corn.Means with the similar letters based on LSD test are not significantly different at p<0.05.
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efficiency fresh grain of sweet corn.Means with the similar letters based on LSD test are not significantly different
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Figure 5- Interaction irrigation levels based on water requirement and cultivation techniques on water use

efficiency biological of sweet corn. Means with the similar letters based on LSD test are not significantly different
at p<0.05.
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Figure 6- Interaction irrigation levels based on water requirement and cultivation techniques on fresh yield of
sweet corn. Means with the similar letters based on LSD test are not significantly different at p<0.05.
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Table3- Comparison of the meaneffectsofdifferent irrigation levels andcultivationtechniqueson quantity yield of sweet corn
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Experimental Factors Grain sugar Grain Grain Grain oil Grain protein
Content (%) sucrose content (%) fructose content (%) content (%) content (%)
Different Irrigation Levels
I, 6.66a 4.92a 0.23¢ 5.25a 7.25b
L 6.54a 4.74a 0.31b 4.82a 8.44a
I3 5.79b 4.11b 0.36a 4.48a 8.58a
Cultivation Techniques
ST, 7.41a 5.42a 0.29a 4.92a 7.57b
ST, 7.03ab 5.11ab 0.30a 4.78a 7.33b
ST; 4.93c 3.54c 0.32a 5.08a 9.36a
ST, 7.06ab 5.15ab 0.29a 4.97a 7.56b
STs 6.94b 5.05b 0.29a 4.80a 7.56b
ST 4.62¢ 3.26¢ 0.30a 4.54a 9.15a
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Means with the similar letters in the per column and for any trait based on LSD test are not significantly different at p<0.05.
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Introduction: In Iran, due toreduction ofwater resourcesandincreasing ofwater losses in thevariousmethods
of the surface irrigation pressurized irrigation methods, especially drip irrigation have got many attentions.
Application of the plastic mulch method is used in cultivation of early sweet corn. Application of this technique
due to its temperature provides both plant growth and early maturity and then causes the on-time delivery of
product to the target market. Additionally, to reduce water consumption, the use of germinated seedlings in the
greenhouse and move it under plastic on the farm, productivity will increase. The aim of this study was to
evaluate irrigation levels on yield of sweet corn by using plastic mulch, and the feasibility of seedling cultivation
to early crop.

Materials and Methods: In order to evaluate the effect of different irrigation levels and cultivation
techniques on water use efficiency and quality and quantity yield of sweet corn, an experimental program was
carried out as split plot in randomize complete blocks design with three replication in Faculty of Agriculture,
Research Field Station of Yasouj University in 2015. The main factor consisted of three levels of irrigation: 100
(1), 75 (I;) and 50 percentage of water requirement (I3) and the sub-factor was including cultivation techniques
of sweet corn in six levels: seed cultivation of sweet corn under plastic mulch on 4 April (CT;), seedling
cultivation under plastic mulch on 4 April (CT,), seed cultivation to conventional method of sweet corn on 5
May (CTs3), seed cultivation of sweet corn under plastic mulch on 5 May (CT,), seedling cultivation of sweet
corn under plastic mulch on 5 May (CTs) and seedling cultivation to conventional method of sweet corn on 5
May (CTg).

In order to establish plastic mulch, after seed and seedling cultivation of sweet corn with installation of
irrigation tape tubes, steel bars which were made in a semi-circular shape, were placed on rows and plastics were
laid on it. After the establishment of the seedling on the farm, the irrigation levels were applied by volumetric
counters. When the plant height was equal to the height of plastic tunnels, it was tried to pierce the plastic to
grow suitability. During the time of maturity product, a 2 m” plot in the middle of farm was selected and the ears
were separated and weighed, and the forage yield was weighted. The grains of sweet corn were separated and
canned yield was measured. The content of grain sugar, sucrose and fructose were measured by means of HPLC
method, and the content of grain nitrogen with using of micro Kjeldahl’ smethod achieved. Statistical analysis
was performed using SAS software. The mean values were compared by using LSD multiple range tests at 5%
level. Figures were depicted by using of Excel software.

Results and Discussion: The results indicated that irrigation interaction and cultivation techniques were
significant on ear yield, the canned yield, water use efficiency, and forage yield. The maximum ear yield
obtained in treatments of [,CTy, I;CT}, ,CT, and I,CT, were equal to 14420, 14414.4, 13691.7 and 13513.5 kg
ha™', respectively and the maximum water consumption content for mentioned treatments were equal to 2521,
3362, 2385 and 3180 m® ha’!, respectively. The minimum ear yield obtained in treatment of I;CT; was equal to
706 gm™. Water stress delayed the physiological processes including silk rating and tassel emergence, so that, it
reduced growth and plant height and finally leaded to the reduction of grain yield. The maximum canned yield
were obtained in treatment of I,CT;, ,CT;, [,CT, and L,CT, equal to 558.7, 551.1, 536.2 and 527.4 gm’z,
respectively. Higher grain yield of sweet corn under plastic mulch in comparison with non plastic mulch, was
due to increasing of dry matter accumulation before the silk production. It seems that increasing temperature and
water content under plastic mulch resulted in an increase in grain dry matter accumulation. The maximum water
use efficiencysiesn grain Was obtained in treatment of I,CT,, I,CT,, I;CT; and I;CT, equal to 2.21, 2.18, 2.16 and

1 and 2- Ph.D of Crop Physiology and Associate Professor,Department of Agronomy and Plant Breeding, Faculty of
Agriculture, University of Yasouj
(*- Corresponding Author Email: farajeechooshang@yahoo.com)
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2.14 kgm respectively. With increasing of water consumptron water use efficienCyfiesn grain decreased.
Maximum forage yield was obtained in I;CT, equal 2008 gm™ and minimum forage yield was obtained in I3CTg
equal 1237 gm™. Available water under plastic mulch, increased plant growth by increasing of leaf area index
and shoot biomass due to stomata opening.

The effect of irrigation were significant on grain sucrose percentage, and content of protein. Moreover
cultivation techniques effect was also significant on content of grain sugar, sucrose percentage and subsequently
the content of grain protein. The maximum grain sucrose percentage was for treatment of 100% water
requirement of sweet corn which was equal to 4.92%. Treatment of 75 percentage water requirement, also, the
minimum grain sucrose percentage equal to 4.11% was obtained in treatment of 50 percentage water
requirement. Retaining of moisture increased the amount of sugar and grain sucrose content. The maximum
content of grain protein was equal to 11.41% in treatment of 100 percentage water requirements; also the
minimum content of grain protein equal 8.58% was obtained in treatment of 50 percentage water requirement.

By reducing soil moisture, the content of protein and sugar grain increased, so the maximum content of grain
protein and sugar were obtained in treatment of 50 percentage water requirement, although the maximum levels
of irrigation reduced the content of protein and sugar. Under stress conditions, the plant material requirement is
not enough, so by reducing nutrient transport, the leaf and stem cell development delayed, resulting in reduced
plant height, leaf area, the content of grain protein, sugar. Finally, dry matter accumulation in the grain decreases
with the transfer of nutrients from the leaves, and then it caused early death the leaf.

Conclusions: Application of seedling and plastic mulch accelerated plant growth, its development and then it
was out of season production. If there are not water restrictions, application of treatment of 100 percentage water
requirement of sweet corn with plastic mulch is desirable to maximum yield produce. Average of water
consumption was in treatments of plastic mulch and non-plastic mulch equal to 2735 and 3411 m® respectively.
Maximum content of grain protein and sucrose percentage were obtained in treatments contains plastic mulch.
Seedling cultivation in comparison with seed cultivation showed minimum content of grain sugar and grain
sucrose percentage. In order to achieve the maximum quality and quantity yield in areas that are faced to water
restriction, it is possible to use treatment of 75 percentage of water requirement and seeding cultivation under
plastic mulch.

Keywords: Deficit Irrigation, Drip Irrigation, Evapotranspiration, Seedling
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Table 1- Geographical characteristics of selected weather stationsfor the different regionsin Khuzestan province
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Figure 1-The geographical area of the study locations
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Table 2— Genetic coefficients of wheat cultivar ‘Chamran’ (11)
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Table 3- Comparison of observed and simulated radiation, precipitation, minimum and maximum temper atur es by
Normalized Root Mean-Squared Error (NRMSE) in the baselinein Khuzestan province
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Station Par ameter NRMSE (%)

Ahwaz jlsal T min a8 los 1.08

T max awiw gl 0.69

Radiation b 1.41

Precipitation )L 21.67

Behbahan )l T min ai.S gl 1.12

T max aiw sl 0.76

Radiation b 1.18

Precipitation )L 19.18

Dezful Js83 T min aueS los 1.28

T max aiw glod 1.05

Radiation b 0.63

Precipitation _3,b 11.42

Izeh ol T min a8 los 1.98

T max awiw gl 0.77

Radiation b 1.45

Precipitation )L 15.47

Omidiyeh 4. T min a8 los 0.63

T max aiw sl 0.66

Radiation b 1.67

Precipitation )L 21.9

Ramhormoz jeyqel, T min aueS sle 1.04

T max aiw glod 0.63

Radiation b 0.76

Precipitation _3,b 25.47
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Table 4— Seasonal evapotranspiration, days after sowing, grain yield, aver age temperature (sowing to harvest) and water use
efficiency in the baseline and futur e scenarios throughout all study locations

adkio

Co 920w L ocation

Trait scenario IP! oke J# ekl ae el
Ahwaz Behbahan Dezful 1zeh  Omidiyeh Ramhormoz

.. e e Bascline  15.85 15.42 1505 13.17 16.1 16.1
(S sl 42) udloy b a1 od (Sbs Bl 16.97 16.19 16.14  13.85 16.94 17.04
Average temperature from sowing to AlB 17.38 16.52 1657  14.14 17.29 17.39
harvest(“c) A2 17.25 1649 1639 14 17.22 17.28
Baseline  145.9 149.3 1519 168.1 145.4 145.1
< 31 e ) Bl 138.5 1433 1438 161.1 139.7 139.3
DAP® AIB 13673 1415 1417 1589 1382 137.8
A2 137.15 1416 1423 1597 1384 138.1
Bascline 5628.6  5385.1  5659.9 6767.2  5230.2 5800
(ESe 55 p5kS) als 3,Slas Bl 65241 6392 6580.1 7699 62125 6594.7
Grain yield(Kg.ha™") AIB 65265  6451.6  6504.1 77753 63133 6631
A2 65746 64389 65663 7791.6  6346.5 6661.3
Bascline 41931 41813 43073 4417 41138 401.5
(o) 5 s Bl 398.01 40075  409.83 41439  402.11 379.59
ET (mm) AIB 3903 3949 40099 40622  397.56 37334
A2 390.84  394.66  401.54 408.07  397.46 37323
) Baseline  13.42 12.87 13.14 1532 12.7 14.44
(oo 1 iSa)3 p SolS) ol B pumo S Bl 16.39 15.95 1605 1857 1544 17.37
WUE'(Kg.ha'.mm™) AIB 16.72 16.33 1622 19.14 1588 17.76
A2 16.82 1631 1635 19.09 1596 17.84

* DAP: Days after sowing, ET: Evapotranspiration, WUE: Water Use Efficiency
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Table 5- Correlation between different traitsin the baselinein Khuzestan province
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il 5 Slos 3 sl 5 By s ol dpae g5 7 fié”
Grainyield Temperature Irrigation requirement ET WUE ;ZP
&by 5 Slos |
Grain yield
= 0317 1
Temperature
] J{9%) ok *
ek ’l" 0.43 0.19 1
Irrigation requirement
S 0.84" 0.15° 0.73" 1
ET
l_)i 8 I K *k *k *k
o Crae 0.81 -0.36 -0.01™ 0.40 1
WUE
casls sl ) *ok Hk * * %
o e 0.34 -0.92 -0.19 0.17 0.39 1
DAP

20y S Jleis gdaw 53 50 gine cglasms ao )y gy Jlesin] gdaw 50 )5 gime glass I ime ©glis pas inS
ns: No significant difference; *significant difference at 0.05 probability level; **significant difference at0.01 probability level.
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Table 6- Correlation between different traitsunder climate changein Khuzestan province
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DAP
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ns: No significant difference;*significant difference at 0.05 probability level; **significant difference at0.01 probability level.
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Table 7—- Seasonal irrigation requirement and transpiration during growing season in the baseline and future scenarios
throughout all study locations
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Figure 2- Changesin grain yield, seasonal cumulative ET, aver age temperature (sowing to harvest), irrigation requirement,
water use efficiency and days after sowing from the baseline toward future scenariosin Khuzestan province
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Introduction: One of the most important consequences of the future climate change is its impact on water
use and water use efficiency (WUE) in agriculture which could challenge the water resources management.
Khuzestan province is one of the most important areas of crops production in Iran particularly for wheat, so that
15.73 percent of total irrigated wheat production and 8.85 percent of total arable land is located in this province.
Therefore, investigating climate change effects on irrigated wheat production, WUE and irrigation requirement
will be necessary in the Khuzestan province. In this context, this study was conducted to simulate the growth and
yield of irrigated wheat under climate change conditions, and to calculate WUE and irrigation requirement in this
province.

Materials and Methods: The current study was done at six locations of Khuzestan province in southwestern
Iran, included Ahwaz, Behbahan, Dezful, Izeh, Omidiyeh and Ramhormoz. Historical daily weather data
including solar radiation (MJ m” d™), precipitation (mm) and maximum and minimum temperatures ("C) for the
baseline period gathered for each study location from their established meteorological stations. To predict the
climatic variables in the future, HadCM3 climate model was applied under three emission scenarios (B1, A1B
and A2) for one future time period (2046-65). The observed historical daily weather data at each location was
used to generate the future scenario files to be applied in LARS-WG (Long Ashton Research Station-Weather
Generator) program. These parameters are necessary for future projection of weather variables. The downscaled
daily weather data obtained from the LARS-WG included maximum and minimum temperatures, rainfall and
solar radiation for each period of future climate. These data are required for running crop simulation model. The
Agricultural Production Systems simulator (APSIM) was used to predict the impacts of climate change on wheat
yield, WUE and irrigation requirement. The model requires daily weather variables (maximum and minimum
temperatures, precipitation and solar radiation), soil properties, type of genotype (as cultivar-specific
parameters), and crop management information as inputs to simulate crop growth and development. In order to
evaluate the climate model NRMSE (Normalized Root Mean Square Error) index was used. Finally, the outputs
obtained from the model simulation experiments were analyzed using excel, SAS and Sigma Plot.

Results and Discussion:Results of climate model evaluation indicated that LARS-GW well predicted
radiation (NRMSE from 0.63 to 1.67%), maximum (NRMSE from 0.63% to 1.05%) and minimum (NRMSE
from 0.63% t01.97%) temperatures. However, the accuracy in prediction of rainfall (NRMSE from 11.42% to
21.47%) was not as good as the other climatic variables. The simulation results in the baseline by APSIM-Wheat
showed that maximum and minimum grain yield were obtained in the Izeh (6764.2 Kg.ha™') and Omidiyeh
(5230.2 Kg.ha), respectively. Under climate change conditions (rising temperature and elevated CO,), on
average, the highest and lowest grain yield were obtained in Izeh (7755.3 Kg.ha') and Omidiyeh (6290.76
Kg.ha'), respectively. The simulation results in the baseline also indicated that the highest and lowest
evapotranspiration (ET) were obtained in the Izeh (441.7 mm) and Ramhormoz (401.5 mm), respectively. When
averaged acrossall future scenarios, themaximum and minimum ET were obtained in Izeh (409.56 mm) and
Ramhormoz (375.38 mm), respectively. The future rising temperature will intensify the ET, whereas reducing
stomata conductance due to higher CO, concentration in one hand, and shortening growing period due to rising
temperature on the other hand, will reduce the cumulative ET in wheat.The simulation results in the baseline
showed that the highest and lowest WUE were obtained in Izeh (15.32 Kg.ha'.mm™) and Omidiyeh (12.7 Kg.ha"
. mm™), respectively. In climate change conditions (rising temperature and CO, elevated), on average the highest
and lowest WUE were obtained in Izeh (18.93 Kg.ha'.mm™) and Omidiyeh (15.76 Kg.ha'.mm™), respectively.
Wheat crop would be benefitted under future climate change in Khozestan province as it is a C3 plant, and under
optimal conditions (no water and nitrogen limitations), it will produce more grain because of reduced stomata
conductance and increased photosynthesis and WUE owing to elevated CO,. Simulation results also indicated

1 and 3- Assistant Professor and M.Sc. Student in Agroecology,Department of Agroecology, Environmental Sciences
Research Institute, Shahid Beheshti University, G.C., Tehran, Iran
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2- PhD Candidate, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University
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that under climate change conditions, on average, the highest and lowest irrigation requirement were obtained in
Ahwaz (315.39 mm) and Izeh (225.96 mm), respectively.The reduced irrigation requirement of wheat under
climate change conditions could be attributed to decreasing length of growing season and increasing CO,
concentration.

Conclusion: In the current study, the effects of climate change caused by rising temperature and elevating
CO, concentration on WUE, irrigation requirement, growth and yield of wheat were investigated in the
Khuzestan province. The simulation results showed that, wheat grain yield under climate change conditions
(averaged across all scenarios) will increase by 16 % compared to the baseline. In addition, WUE will be
increased 23 percent owing to increasing grain yield (+16%) and decreasing ET (5%) under different scenarios.
Overall, under climatic conditions of Khuzestan province in 2046-2065, WUE would be increased by 23% and
irrigation requirement would be decreased by 9%. The reasons behind these increases and decreases are rising
temperature (7%), elevating CO, concentration (up to 526 ppm for 2046-65) and decreasing the length of
growing season and ET both by 5%.

Keywords: APSIM, Climate scenario, GCM, Simulation
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Table 2. Results of applying MMK test on 7- day low flow at Dez Basin
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Table 3. Thevaluesof KS, NS and NRM SE dtatisticsfor fitted probability distributions at Dez basin

“ " . e
Jloia! 595 2 (SRS o BRLRYS
Probability Distribution SDS SDZ
y KS NS NRMSE KS NS NRMSE
by 0.082 0990 2944 0132 0970  4.980
NOR
Jl"fN‘s” 0.160 0912 8615 0140 0953 6290
v ”“’P‘;’”"” 0.271 0.801 4522  0.121 0.789  5.581
e 0410 0418 2211 0426 0305 24.172
EXP
LS 0.091 0965 542  0.118 0964 5481
GAM
Bl e 52> 0.067 0987 3291 0123 0968 5220
GEV
S 0061 0992 2530 0110 0982 3912
LOG
48l e S 0207 0989 3.080 0.152 0977 4411
GLOG
ol 0221 0793 1319 0290 0657 16972
RAY
AL
0078 0981 4024 0118 0969  5.081
NAK
Bl e sk 0.104 0658 1695 0151 065 16932
GPA
oo 0.171 0.983  3.745  0.137 0.961 5.712

WEI




AP LT - jo0 F o ko FY wls (S g T 4y piis

S Glails s i ol ps —€ oo
Table 4- The estimated parameters of selected probability distributions
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Fig 2- Comparison of empirical and theoretical probability distributions of 7-day low flow at studied stations.
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Table 5- Results of goodness of fit test and dependency parameter of different considered copula
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Fig 3-Thefitted GH copula versusthe Empirical copulafor the studied stations.
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Fig 4- (a) Joint cumulative probability distribution of the 7-day low flow at the SDZ and SDS stations; (b) contours of the
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Fig 4- (a) Joint return periods of 7-day low flow at the SDSand SDZ stations; (b) contours of thejoint return periods.
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Table 6- Joint return periods of 7-day low flow at the SDS and SDZ stations given low flow of design return periods (years)
o) olai CuiS 5L 0y90
8 goin ST CuiiS 3L 0,90 Station Joint return period

Univariatereturn period (years) —  w.>. w 3D w

2 3 X<xorY<y X<xandY<y
SDS(m°/s) SDZ (m°/s)

2 7.93 3.31 1.85 2.17
5 6.05 2.70 4.26 6.04
10 4.96 2.34 8.08 13.11
20 3.94 2.00 15.42 28.44
50 2.66 1.58 36.53 79.20

100 1.71 1.27 70.52 171.84
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Introduction: Hydrological phenomena are often multidimensional and very complex. Hence, the joint
modeling of two or more random variables is required to investigate the probabilistic behavior of them. To this

aim, the copulas can be efficiently utilized to derive multivariate distributions. In addition, the copula functions
can quantify the dependence structure between correlated random variables. Estimation of low flow is necessary
in different fields of hydrological studies such as water quality management, determination of minimum required
flow at downstream for producing electricity and cooling purposes, design of intakes, aquaculture, design of
irrigation systems and assessing the effect of long-term droughts on ecosystems. Low flows can be determined
based on low flow indices. There are many types of low flow indices which among them the 7-days low flow
with different return periods are more popular. Heretofore, numerous studies have been performed in the field of
univariate analysis of river low flows, but the low flows of two river branches can be simultaneously analyzed
using copula functions. Copula is a flexible approach for constructing joint distribution with different types of
marginal distributions. Indeed, the copula is a function which links univariate marginal distributions to construct
a bivariate or multivariate distribution function.

Materials and M ethods: Hydrological phenomena often have different properties, where for their frequency
analysis; they may be examined either individually or concurrently. These variables are not independent, rather
they are interconnected and the change in one of them affects the other. Thus, the univariate frequency analysis
can bring about some error due to neglecting the interdependence between these random variables. the copula is
a function which joint the marginal distribution functions for constructing a bivariate or multivariate function.
Development of copula functions is alleged to Sklar (1959) who described how univariate distribution can be
jointed to form a multivariate distribution. Generally a copula function is a transfer of a multivariate function

[~oo,+0]" [0,1]" o .

from to . This transfer separate marginal distributions from F function and the copula
function, C, is only related to dependency among variables, therefore it present a full description of inner
dependency structure. In other words, the Sklar’s theorem states that for multivariate distributions, the inner
dependency among the variables and univariate marginal distributions is separated and the dependency structure
explained by copula function. The copula function divided into many families which among them then the
Archimedean copula is widely used in multivariate analysis of hydrological events and also has an explicit
formula for its cumulative form which is an important advantage in comparison with elliptical copula functions
that have not explicit formula. Application of the copulas can be useful for the accurate multivariate frequency
analysis of hydrological phenomena. There are many copula functions and some methods were proposed for
estimating the copula parameters. Since the copula functions are mathematically complicated, estimating of the
copula parameter is an effortful work. In this study, five different copula functions including, Ali - Mikhail —
Hagq, Clayton, Frank, Gal ambos and Gumbel-Hougaard were used for multivariate analysis of 7-days low flow
in Dez basin.

Results and Discussion: In this study, the low flow of the Dez basin at junction of river branches during
1956-2012 were investigated using copula functions. For this purpose, firstly the 7-days low flow series of
considered stations were extracted and then the homogeneity of the series was examined using Mann-Kendall
test. The results showed that the 7-days low flow series of Dez basin are homogenous. In the next step, 11
different distribution functions were fitted on low flow series and the Logistic distribution was selected as the
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best fitted marginal distribution for considered stations. After specifying the marginal distributions, the
Archimedean and Extreme value families of copula functions were used for multivariate frequency analysis of 7-
days low flow. For this study, the best-fitted copula was specified in two ways. For the first specification, the
nonparametric empirical copula was computed and compared with the values of the parametric copulas. The
parametric copula that was closest to the empirical copula was defined as the most appropriate choice. The
second specification was based on the statistical approach. The results indicated that for pair data of Sepid Dasht
Sezar and Sepid Dasht Zaz stations, the Gumbel-Hougaard copula had the most accordance with empirical
copula. In order to investigate the joint return periods, we used the joint return periods in two cases of AND and
OR forms and also conditional joint return period.

Conclusion: Based on the obtained results from joint analysis of the low flow at upstream of the junction of
two river branches, it was specified that two river branches of Sepid Dasht Sezar and Sepid Dasht Zaz may
experience sever simultaneous drought events every 200 years.

Keywords: Conditional joint return period, Empirical copula, Homogenous, Joint return period, Marginal
distribution
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Figure 1. The geographical location of weather stations
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7- Temperature Mean
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9- One- factor- at-a- time
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Table 1. Geographical characteristics, mean climatic variables and climate of stations
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Table 2. Mean values of maximum, minimum and mean annual sensitivity coefficients based on the study of climate of

stations
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Introduction: In drainage and irrigation network capacity design and determination, reference

evapotranspiration (ET,) plays significant role. Methods applied for estimated reference evapotranspiration
classified in two direct and computational methods. Amongst computational methods it might point to Penman-
Monteith method. This method requires radiation, temperature, humidity and wind speed data with high
reliability rate in vast ranges of climates and areas represent precise outcome from reference plant
Evapotranspiration.

Materials and Methods: Study stations in De Martonne classification system are divided into 6 climates
such as Hyper-arid, Arid, Semi-arid, Mediterranean, Humid and Very humid (a) climates. Study stations
statistical span during 19 years (1996-2015) were selected and temperature, relative humidity, sunshine hours,
and wind speed in 2 meter height daily data were used. Figure 1 showed studied stations position all over the
country. In this study, in order to obtain daily ET,, Penman-Monteith standard method represented by FAO-56
was used. In local sensitivity analysis, factors local influences on model output were shown. Such an analysis
usually carried out through output functions minor deviants computation due to input variables. In this analysis,
usually it was used one-factor- at-a- time method (OAT), so that, one variable factor and other input factors kept
constant.
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Figure 1. The geographical location of weather stations

The FAO-56 PM model for estimating ET, is as follows (3).
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where ET, is reference crop evapotransplratlon (mm day "), A is the slope of vapor pressure versus
temperature curve at temperature Tmean (kKP2°C ™), v is the psychometrlc constant (kPa °C™"), u, is the wind speed
at a 2 m height (m s ™), R, is the net radiation at crop surface (MJ m > d "), G is the soil heat flux density (MJ m >
d™"), T is the mean daily air temperature at 2 m height (°C), and (es-e,) is the saturation vapor pressure deficit
(kPa).

Results and Discussion: Weather parameters in stations showed that mean temperature sensitivity
coefficient (Sr ) in all study stations varied between 0.21 to 0.78 so that the maximum temperature sensitivity

coefficient related to Bushehr station in arid climate (in April, May, June, July, October and November) and
minimum temperature sensitivity coefficient related to Shahrekordstation in semi-arid climate (in January,

March, April and November). Maximum and minimum net radiation sensitivity coefficient value ( S& ) related

to Rasht and Zahedanstations respectively. Also, maximum and minimum wind speed sensitivity coefficient
value ( SJZ ) related to Zahedan and Ardebilstations are 0.54 and 0.07 respectively. Yazd station in Hyper-arid

climate showed minimum relative humidity sensitivity coefficient value (SRH ) about 0.20 and Rasht station in
very-humid (a) showed the maximum values 0.45. So the northern coastal areas are more sensitive to SP“ and

Sru- The highest value SPh is in northern coastal areas and lowest in southern coastal and southwest areas of the

country. Some other studies showed that in many climates evapotranspiration was more sensitive to R, (6, 14
and 17).In current study, also, SP“ showed the highest sensitivity in Very-humid climate (a) includes Rasht

station in February, March, April, October and November. For example, S& = (.82 means that 100% increase

in R, parameter result in 82% increase in ET,,.

Conclusion: Sensitivity analysis experiment on FAO Penman-Monteith standard method is one of the most
efficient methods to understand various climate parameters influence on reference evapotranspiration (ET,). In
this study, results showed that computed ET, in all climates showed highest sensitivity to R, and temperature
respectively. Temperature sensitivity coefficient showed the highest value at April. May, June, July, October and

November and R, showed its highest value at March, April, October and November. While, minimum Su2 in all
of months but May and July and maximum value showed in January, July, August and September by 0.07 and
0.54 respectively. So, S& in most months of the spring and the fall was larger and smaller during the winter

months. Sensitivity coefficient related to mean temperature is higher during summer season and lower during
winter season. Results of this study may be useful for assessing the response of the standardized FAO Penman-
Monteith model in different climatic conditions. The results can also be used to predict changes in ET, values
with respect to climatic variable changes obtained from climate change models.

K eywor ds. FAO Penman- Monteith, Reference evapotranspiration, Sensitivity analysis, ET
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Figure 1-thevision of cellulosic material pots
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Table 1- Changesin Dischar ge, coefficient of distribution uniformity and coefficient of manufacturing variation in the
Gravity Drip Irrigation methods during the study period

o g Treatment ,loy Gravity Driper JailSs o ad
Head Repeat ,| ,55 1 2 3 4 5 6 7
Q(lph) . 154 151 148 201 208 209 204
& il
3 Son dl)’? l_ 0.06 0.06 0.04 0.04 0.09 0.09 0.05
i Standarddeviation
é »LQ J’w . 0.036 0.037 0028 0019 0.041 0.042 0.026
S Variationcoefficient
3 19 SBeiS,
et > T 90.48 8360 91.85 9277 8759 8929 9147
Distribution Uniformity
. Q(lph) » 4.39 4.86 4.88 5.21 4.98 5.43 5.16
3
3 Some dl)’,u l_ 0.08 0.10 0.09 0.10 0.06 0.18 30.1
3\ Standarddeviation
£ (ol ol 0018 0020 0019 0019 0013 0032 0025
S Variationcoefficient
S e ‘59]950 . 94.31 9417 9476 9438 9481 9322 93.28
Distribution Uniformity
; Q(lph) o 7.61 7.77 7.50 7.67 7.81 7.96 8.00
3 S Sl 027 021 019 020 023 010 008
i Standarddeviation
§ (Sl el 0035 0026 0026 0026 0029 0012 0010
=y Variationcoefficient
® a8 Sless 9430 9240 9445 9234 9189 9512 9580
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Table 2- Changesin Dischar ge, coefficient of distribution uniformity and coefficient of manufacturing variation in the Porous
Pipe Irrigation methods during the study period

o g Treatment ;Lo PipePorouslgl s alg)
Head Repeat 1 S 1 2 3 4 5 6 7
Q(Iph) 071 067 017 014 0.6 0.17 0.15

& o

=) S Sl 057 050 019 016 015 0.17 0.17

i Standarddeviation

é wl“ UI’W 0.805 0.745 1.100 1.167 0.928 1.016 1.126

S Variationcoefficient

o sl 092 098 000 000 0.0 0.00 0.00
Distribution Uniformity

. Q(Iph) 320 194 18 08 091 0.52 0.71

<]

3 Sose d"y_u ‘_ 1.25 1.06 1.03 0.74 0.81 0.52 0.68

i Standarddeviation

= wL” UI’W 0.389 0.546 0.562 0.905 0.886 1.008 0.953

S Variationcoefficient

S atadt \,s, _ 1351 571 539 453 406 471 5.18
Distribution Uniformity

. Q(lph) 4.00 4.86 4.19 381 3.86 4.70 4.10

3 e

3 Sose d"y_u ‘_ 3.61 3.50 3.39 3.28 3.14 3.87 3.57

%\ Standarddeviation

IS wL” UI’W 0.903 0.721 0.810 0.862 0.814 0.824 0.870

S V ariationcoefficient

® i IS 1.42 200 174 156 154 161 1.45

Distribution Uniformity
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Table 3- Changesin Dischar ge, coefficient of distribution uniformity and coefficient of manufacturing variation in the Pot
Irrigation methods during the study period

O (g Treatment,los PotsslojsS (g s sl

Head Repest | S5 1 2 3 4 5 6 7

) Q(lph) e 020 026 031 034 034 037 037

g L

3 Sore Sl 012 018 017 016 015 017 018

%\ Standarddeviation

S eslecls 0595 0674 0546 0461 0455 O 0492

o Variationcoefficient 7

S o

g} o B e "&’ ) 1674 1429 1685 1510 1228 20 1306
Distribution Uniformity 6

) Q(lph) e 151 161 170 172 173 161 163

<]

5 e Syl 068 080 08 09 097 084 085

i Standarddeviation

£ eslecls 0449 0498 0499 0559 0559 ©22 0519

S Variationcoefficient 2

! eSS 1141 1066 1012 899 898 963 10.19
Distribution Uniformity

) Q(lph) 281 290 254 279 280 277 274

s e

3 Some Sl 122 148 129 126 125 128 126

i Standarddeviation

c sl 0433 0509 0509 0451 0446 O (usg

S Variationcoefficient 3

® @9 Bl 1737 1685 1602 1608 17.45 1(;'1 17.82

Distribution Uniformity
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Figure 2-Discharge Pressure Curve In Irrigation Methods
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Introduction: Practical problems such as rushing roots toward pot, difficulty of manually filling with water and
deficit irrigation due to permeation from regular pots prevents the development of pot irrigation. With regard to
increasing irrigation efficiency importance and preventing water loss to fix the problems of this irrigation
method.Changing physical structure of pot could solve many problems and issues which thisirrigation technique is
facing. Comparison of the two major characteristics of localized irrigation hydraulic characteristics (coefficient of
variation and distribution uniformity) and also using gravity pressure can achieve a solution for water and energy
shortage problems. So far, with knowledge of the role of water pressure at gravitational pressures in

hydraulicproperties of these methods, some effective features in these methods application is specified.

Material and Methods: This study was carried out in randomized complete block at water engineering department
of Sari Agriculture Science and Natural Resources university laboratory from September to December 2015. In this
study, in the form of randomized complete block, hydraulic specifications of three treatments of pot irrigation,
gravity drip irrigation and porous pipe irrigation investigated under water pressure of 0.5, 1.5 and 3 m. In each of
the water column pressure, output water volume from 10 samples of each irrigation method treatments cal culated
from 7 replicates during one hour in about two months. Porous pipes which used in this study were imported 16mm
sample pipes from Anahita Company. GDI gravitational emitter model, porous pipe and containers made of
cellulose clay pots in the form of cylinder shape with diameter of 15 cm were used. Thus, within one hour of
irrigation, water volume withdrawn from tested samples under constant pressure of irrigation were collected by
suitable containers and measured by graded container and flow rate of each samples were calculated. Christensen
distribution uniformity coefficient was calculated with Christensen distribution uniformity coefficient formula.
Based on USA agronomical engineers, a pointed emitters with variation coefficient less than 0.05 is good, with cv
of 0.05-0.10 is medium and with cv of 0.10-0.15 is weak. After calculating evaluation parameters, the results were
analyzed with SPSS statistical software and Tukey test at 1 %and 5 % level of probability.

Results and Discussion: The results of statistical analysis of randomized complete block design and mean
comparison of different level of treatments effects with Duncan test (irrigation method treatment and water
pressure treatment) at 5 %level of probability showed that maximum distribution uniformity achieved in
gravitational drip irrigation among samples. With increasing pressure, coefficient of variation was less affected and
at lower pressures, coefficient of variation among tested samples were more evident. In addition, it isindicated that
increasing pressure have maximum effect on flow rate and distribution uniformity increment while with increasing
pressure, minimum changes observed in coefficient of variation. Therefore, among possible gravitational pressures
in each project, maximum pressure should be selected for design and implementation. Result showed that in porous
pipes and in pressures of 50, 150 and 300 cm, average flow rate were 0.31, 1.4 and 4.2 liter per hour in meter,
average coefficient of variation were 0.88, 0.61 and 0.83 and average distribution uniformity were 2.2, 6.2 and 1.6
percent, respectively. In the main-treatment and in each pressure sub-treatment, samples flow rate changes at
different replicates is so high that coefficient of variation was more than conventional coefficient (more than 0.6)
and thus classified in unacceptable emitters. In this treatment, distribution uniformity was so low that using this
irrigation method at gravitational pressures range cannot be recommended. Based on statistical analysis results, it is
indicated that increasing pressure in gravitational drip irrigation have maximum effect and in pot irrigation, have
minimum effect on flow rate changes, and in addition, maximum distribution uniformity among samples was in
gravitational drip irrigation while in porous pipe irrigation besides high coefficient of variation, minimum

1, 2 and 3- Ph.D. student of Irrigation and Drainage Engineering, Associate Professor and Professor of Water
Engineering Department Sari Agricultural Sciences and Natural Resources University
(*- Corresponding Author Email: aliponh@yahoo.com)
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distribution uniformity among samples were observed.

Conclusion: Due to the high influence of pressure changes in gravitational pressures on hydraulic characteristics of
mentioned three irrigation method, among investigated gravitational pressures in this study, pressure of 3m as
appropriate pressure at gravitational pressures and among localized irrigation methods, gravitational drip irrigation
were recommended. It is recommended to paying attention to the development of gravitational drip irrigation
application in large-scale garden and agriculture projects with positive approach.

Keywords: Coefficient of Variation Manufacturing, Distribution Uniformity, Gravitational Pressurized
Irrigation
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Table 1- Properties of the soil of studied area

sl JBs PH & sanel Electrical conductivit;l/ dS o psdlcolan oSand Silt Cdaw Clay (w,
Bulk density (g cm™) m™) (%) (%) (%)
155 7.6 0.2 94 0.9 51
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Table 2- Analysis of variance for the effect of polymer (P), moisture (M) and time (T) on some soil physical, chemical and
mechanical properties

(Mean of Squares)<slas po paSluo

A JOVES 35 W) @ EVERW) el S C e . ' )
Source gf vat:iation df ol ;ﬂ:' Soysd Bulk s 2l 89592 Cwglio Penetration resistance MWD
EC density
Polymer .4 2 0.157 0.001 0.029 31.601 3.668
Moisture cysb, 1 0.135" 0.001 0.001 2.245" 0.002"
Time 2 00257 0014”7 0.004 3.903" 0.166
(MXT) oK g, 2 0.005" 0.001" 0.005 0.029 0.054"
(PXM) g X yorls 2 0011"  0.002° 0.001 0.765" 0.001"
(PXT) slo* yasls 4 0008  0.002° 0.004 0.667" 0.042”
(PxMix n)‘:ji,x%b,x 4 0.004" 0.001 0.006 0.074 0.017"
Errorius 18 Zl'zix 0.002 0.005 0.156 2.86x 10°°

TS

2005 5 1 Jlain) o (3 Iy dme MBI Ll 4«
*,**Significant differences at probability level of 1 and 5%, respectively
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Figure 7- The effect of amount of the polymer (0, 0.5, and 1%6) on soil bulk density (g cm™®)
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Table 3- Cumulative distribution of soil aggregate with 0.5% polymer content

(W MWD
I 0.25 0.5 1
Treatment (mm)
sals 99 100 100 100 0.279
Control Treatment
15 141 2827 36.75 5535 100 1.039
15 days- dry
sk 15 12.75 20.05 26.03 346 100 0.946
15 days-wet
25-30 8.2 21.43 3158 404 100 1.249
30 days-dry
sy 30 9.31 20.01 23.85 3053 100 1.033
30 days-wet
545 7.4 3995 435 47.05 100 0.637
45 days-dry
sk, 45 168 47.43 5258 55.65 100 0.91
45 days-wet

2o L poly sladie b SB (gaindils (o2 @595 Jgoa -4 Jos>
Table 4- Cumulative distribution of soil aggregate with 1% polymer content

e MWD
slos 025 05 1 2< 2 2
Treatment (mm)
Jals 99 100 100 100 100 0.279
Control Treatment
s 15 323 4582 5443 100 60 100 1.48
15 days- dry
by 15 36.17 5235 5897 100 6505 100 1.36
15 days-wet
530 17.38 3452 4375 100 50.03 100 1.57
30 days-dry
w3k 30 16.75 44.37 50.87 100 56.67 100 1.46
30 days-wet
S5 45 3277 7495 79.1 100 8535 100 1.11
45 days-dry
ooy 45 2522 57.9 6343 100 66.7 100 1.26
45 days-wet
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Figure 9- The effect of the polymer (PAM) at different time and humids on MWD

T L osd Hlows diges jl 4l ilwyd S lhe o Jlo > i
s 4 el cplosgs 75/9 kgmPThr Jsles p,5 3800 (aals jlows)
Iy ool Gialwyd ply 53 SB coglio ael Jo)ST L a8 ol ]
23S b el gy 9 SB 2 o Jlasl (59,08 S8l sl
Wges 3L il sy amd o ali3l ol ledle S JSS 4
4l 20 BT Jolae & tol sty ganl pudlS l5g05 Lawgs amlis
935 S 3 powaye slaoly (S o9
g dibio Coxdge 4 dtus &S Codl SB iy p Ol polie il

(s plalwyd g5l

aang Ly il anja g MalS wlice 5l y9e 658 558
S5 S SR 29 b WlE e 5 yeedy Dlge Smgly nl il
OHlLSed g > 858 )8 eolatwl 3y50 (o3l inlwyd S gly
Sygmo oy sl o ST 358 sl s b gy ialesl 4o (13)
a1y osd Hlow S ol wiliw] cas o (glawle S mhaw > mlo
By ialosl 15 (15) oK g (& 3l Liuljél ()l sxe &yguo
9 oo S5 93 o y3 el Jo,ST b 510,18 1558 samlio 5L

L ialS gl pxe yob 1y (o0l il Cuslyr  dpe

oL Jigs
o35 Sl oy e 1 (S5 oL Ay 4 SB il b
b ool Ll Jhide .l Siddeag 9 Sis bl » S
] slnJLys il S s plyialigd 5 2l (Sailop |
Sl ol Lo £l 39 sk 4 ool Sl 5l oolin
2 90 ol pliphle (el g SB con el
olasd 23] Sy Smgiy ol el 5l an cl a8 )3 )8
Gaejld ) S Kb sla S5 deme (youd &S Caol 039
el il arab ool Giulawys dals o1y 451 o oy
SLs Cogby Hlade Lilal b oS canl ool ol LS slajiag}
B4 o SK cugb, Jhbe aBy b o pialS (ool isloyd
13 .(19) ams o ialS (3L Hlude 4y (o3b Lialuyd dusy duo )
ke sLiless e 15k g alefl sl m (!
by 039y 30 slos & T g b L] gy o (St
JMie 4 059,45 5 15 K05 jlaws 93 b dulis 13 yeul b0 S L
Olsie 4 slos ol 1 gy 03l i lial ) aasliS B gyl (g s
by bgiye @Lu A ol ob g Gilesl (sl age Hlews
Oinluwyd )lad Mol poudy dio > S L ol yo diges Db s b



107915157 cods s S (631 b3 Sy 53 el o STosly 51 omiy

Slp Jghie gla by, 5l (gl 2le b g 35> 005 4 LS LS s S g5 Ao

295 oo dlpiidiy D9 Jlasl b cuils' b olyon ooy s
odle oyl edal o ST L ablis 1 loj Cde (awyp yobato 4
2 bl SO Jlel b g calises alS sl yiide b olyen

10.
11.

12.
13.

14.

15.

16.

17.

o

SIS 3985 Canglio s ool L ST 56 (595 p bl aoes

b dule Do Cnglio (gl ime O ygo 4 el s ST L ol oL
o Dielwyd 5l ail y 50 12 5l ey y3 g0l ilp8l,
ol ael b yST b 5l lo; ey bgypo gulis Lol .38 (555 gl
S o3b )l sl g col (Boge 651 Sl peddy cnl B

2o Jlasl as)ie

&l

Ahmadi H., Ekhtessasi M.R., Feiznia S., and Ghanei Bafghi M.J. 2002. Control Methods of Wind Erosion for
Railroads Protection (Case study: Bafgh Region). Iranian Journal of Natural Resources, 3: 327-338. (in Persian
with English abstract)

Al-Harbi A.R., Al-Omran A.M., Shalalay A.A., and Choudhary M.L. 1999.Efficacy of a hydrophilic polymer
declines with time in greenhouse experiments.HortScience, 34(2): 223-224.

Azzam R.A. 1980. Tailoring polymeric gels for soil reclamation and hydroponics. Communications. Soil Science
and Plant Analysis, 16(10): 1123-1138.

Chen Q.C., Jiang P.F., Lei T.W.,, Li R.P., and Tang Z J. 2006. Wind tunnel experiment on the impacts of

polyacrylamide on wind erosion of loosens soil materials. Transactions of the CSA, 22: 7-11 (in Chinese with
English Abstract)
Chepil W.S. 1945. Dynamics of wind erosion: I. Nature of movement of soil by wind. Soil Science, 60; 305-320.

Esmaili Dastjerdipor A., Farpor H.M., and Sarcheshmeh pour M. 2011. Comparison of crust strength derived from
cyanobacteria inoculation and polymers in a sandy soil. The 5" National Conference and Exhibition of
Environmental Engineering, 21-22 Nov. 2011. Tehran University, Iran.

He J.J., Cai G.Q., and Tang Z.J. 2007. Wind tunnel experimentalstudy on the effect of PAM on soil wind

erosioncontrol. Environmental Monitoring and Assessment, 145:185-193.

Kazemi A., Darbandi S., and Ahmadi A. 2011. Investigation of the effect of a new polymer on soil infiltration and
soil aggregate stability against erosion. 1™ National Congress on New Science and Technology, 10-12 Sept. 2011.
Zanjan, Iran (in Persian).

Kouchakzadeh M., Sabagh Foroush E.l, and Ganji Khoramdel N. 2000.The effect of water superabsorbent
polymer on some physical properties of soil. Journal of Soil and Water Sciences, 14(2): 176-186 (in Persian with
English abstract).

Lal R. 2003. Soil erosion and global carbon budget, International Environment, 29: 437-450.

Lian-You L., Shang-Yu G., Pei-Jun S., Xiao-Yan L., and Zhi-Bao D. 2003. Wind tunnel measurements of adobe
abrasion by blown sand: profile characteristics in relation to wind velocity and sand flux. Journal of Arid

Environments, 53(3): 351-363.

Mahdian M. 2005. Investigating the status of land degradation in Iran. 3" National Conference on Erosion and
Sediment, 18-31 Aug. 2005. Soil Conservation and Watershed Management Research Institute, Tehran, Iran (in
Persian).

Modaresnia A.R., Sadeghi M.M., Abtahi S.M., and Emtiazi G. 2011. Performance Evaluation of the Microbiology
Stabilization of sand dunes using wind tunnel (case study: Segzi, Isfahan). 2" International conference on
sustainable development and urban construction, 1-2 Dec. 2011, Isfahan, Iran (in Persian).

Nordstrom K.F., and Hotta S. 2004. Wind erosion from cropland in the USA: a review of problems, solutions and

prospects. Geoderma, 121: 157-167.

Oumarou Malam Issa O., De'farge C., Bissonnais Y L., Marin Be., Duval O., Bruand A., D’Acqui., Nordenberg
S., and Annerman M. 2007. Effects of the inoculation of cyanobacteria on the microstructure and the structural
stability of a tropical soil. Plant Soil, 290: 209-219.

Samaei H.R., Golchin A., Mosadeghi M.R., and Ahmadi Sh. 2012. The Effects of Water Soluble Polymers on
Physical Properties of the Soils with Different Texture in Hamedan. Journal of Water and Soil, 26 (4): 809-817.
Sekhavatian A., and Eslami A. 2010. Comparisons of in situ and laboratory tests for evaluation of non-drainage
shear strength of Rasht claysoil. 4" International Conference on Geotechnical Engineering and Soil Mechanics, 2-3
NOV. 2010. Tehran, Iran.



1396 U7 - o0 4 o kois 31wl (S5 5 T 4y 2251080

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shorafa M. 1987. The effect of perlite and hydroplas on porosity, water retention and soil hydraulic conductivity.
M.Sc. thesis, College of Agriculture and Natural Resources, University of Tehran. Iran (in Persian with English
abstract).

Skidmore E. L. 1986.Wind erosion control. Climatic Change. 9: 209-218.

Sojka R.E., and Lentz R.D. 1997. Reducing furrow irrigation erosion with polyacrylamide (PAM). Journal of
Production Agriculture, 10: 47-52

Sojka R.E., Bjorneberg D.L., Entry J.A., Lentz R.D., and Orts W.J. 2007. Polyacrylamide in agriculture and
environmental land management. Advances in Agronomy, 92; 75-162.

Steven Green V., and Stott D.E. 2001. Polyacrylamid: A review of the use, effectiveness, and cost of a soil erosion
control amendment. Hort Science, 36: 384-389.
Subramaniam N., and Chinappa G.P. 2002. Remote sensing and GIS techniques for land degradation assessment

due to water erosion, in: 17th WCSS (Thailand): 815-819.
Telysheva G., and Shulga G. 1995. Silicon-containing polycomplexes for protection against wind erosion of
sandysoil. Journal of agricultural engineering research, 62(4).221-227.

Tisdall J., Nelson S., Wilkinson K., Smith S., and Mckenzie B. 2012. Stabilization of soil against erosion by six
saprotrophic fungi. Soil Biology and Biochemistry, 50: 134-141.

Wang Y., and Boogher C.A. 1987. Effect of medium-incorporated hydrogel on plantgrowth and water use of two
foliage species. Journal of Environmental Horticulture, 5:125-127.

Zabihi F., Neyshabouri M.R., and Dalalian M.R. 2013. Effects of Polyacrylamide, Pumice and Municipal Compost
on Some Physical and Chemical Characteristics of a Saline-Sodic Clay Soil. Water and Soil Science, 23(3): 79-92.
(in Persian with English abstract)

Zangooi Nasab Sh., Emami H., Astaraei A., and Yari A. 2012. The Effect of different levels of superabsorbent and
irrigation duration on some soil physical properties and growth indices of Atriplex plant. Journal of Water
Research in Agriculture, 26 (2): 211-223. (in Persian with English abstract)

Zhao H.L., Yi X.Y., Zhou R.L., Zhao X.Y., Zhang T.H., and Drake S. 2006.Wind erosion and sand accumulation
effects on soil properties in Horgin Sandy Farmland, Inner Mongolia, Catena, 65: 71-76.



Journal of Water and Soil (531918 galus g ple) S g O a4y pits
Vol. 31, No. 4, Sept.-Oct.2017, p. 1070-1082 iy 1070-1082. 51396 LT — w0 4 0ylois 31 il

Effect of Polyacrylamide Polymer on Wind Erosion Control of Sandy Soil in
Azadegan Plain

F. Arzaghi'- A. Farrokhian Firouzi®" - N. Enayatizamir®- B. Khalilimoghaddam®*
Received:10-03-2014
Accepted:13-08-2017

Introduction: Wind erosion is the most important agent of environmental degradation, poverty of soil, air
pollution and the dust spread. Wind erosion is causing a lot of damage to crops, buildings, facilities and vehicles.
The first step of the wind erosion control is the stabilization of soil particles. Soil stabilizing methods to control
wind erosion can be classified into mechanical, biological and chemical stabilization. Mechanical soil
stabilization type is relatively time-consuming and costly. Biological stabilization is a traditional way that
exhibits a long-term validity but sandy soil cannot provide essential water and nutrition elements needed by
plant. Recently, chemical stabilization such as high-molecular-weight anionic polyacrylamide (PAM) has
attracted the attention of researchers because of its advantages in easy and quick construction, and the
improvement of the growing conditions for plant. However PAM has been mainly used to control water erosion
and there is still little available information regarding the effectiveness of PAM on preventing soil loss by wind
erosion. The main objective of this study was to investigate the feasibility of using PAM in wind erosion
controlling. Also, effects of PAM on some soil physical and chemical properties and their temporal variability
were evaluated.

Materials and Methods: In this study polyacrylamide polymer was used as a restoration of soil and soil
structure stabilizer on sandy soil of Azadegan Plain (Khuzestan province, Iran). Consequently, an experiment
was conducted as factorial based on completely randomized design with three replicates. The experimental
treatments were consist polyacrylamide polymer (PAM) at three levels (0, 0.5, and 1 %), soil moisture at two
levels (80% FC and dry) and time duration at three levels (15, 30 and 45 days). The emulsion of PAM was
sprayed homogeneously on the soil surface. After passing each time treatment, penetration resistance and some
physical and chemical properties of soil was measured. Finally after doing all measurements, the treatment with
maximum penetration resistance were selected and the sample was prepared for wind tunnel testing. The wind
erosion experiments were conducted in a wind tunnel. Soil samples were located in removable trays. The width
and length of the trays was 30 and 100 cm, respectively. The wind erosion experiments were performed under
wind velocity of 12 m s according to the actual situation of study area.

Results and Discussion: The results indicated that in comparison to control, soil acidity decreased at both
levels of the polymer with increasing time. The decreasing of soil acidity in wet treatments was more than dry
treatment. The lowest amount of pH was obtained in the 30-day wet treatment at 1% polymer level. The results
show from the 30th day onwards, soil pH increased, which is probably due to the polymer degradation. With
passing time, soil electrical conductivity (EC) at both levels of the polymer (0.5 and 1%) increased and
decreased respectively after 30 days. These observations are probably because after 30 days the properties of
polymer-hydrophilic units gradually decrease and water adsorption was reduced or that soil soluble salts were
adsorbed by polymer particles. The results also showed with passing time, Mean Weight-Diameter of Soil
Aggregates (MWD) increased and then after 30 days declined. The largest MWD was observed in 30 days
treatment at 1% polymer level. After thirty days, its effect has probably diminished due to polymer degradation.
Furthermore, the results showed no significant difference of bulk density among treated soil with different level
of polymer, but application of polymer caused to decrease bulk density comparison to control. Polymer
application increased soil penetration resistance significantly. Using 1% of polymer increased it to 6 kg/m® The
results also indicated that the soil resistance at first increased with time and then decreased significantly. The
amount of soil penetration resistance at 45-day was less than 15-day. The results of wind tunnel with a maximum
12 m/s wind velocity showed that application of the polymer reduced the erosion of sands samples to zero.

Conclusion: The research results indicated that PAM application increased soil penetration resistance and
MWD. The polymer could improve the structure of soil aggregates and increase the amount of dry-stable
aggregates and therefore decrease soil bulk density. Spraying PAM solution on the surface of soil significantly
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decreased the wind erosion amounts. Therefore, this inexpensive and easily usable polymer can be considered as
a soil stabilizer to control wind erosion in arid and semiarid areas.

Keywords: Penetration resistance, Soil moisture, Time, Wind tunnel
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1- Acidithiobacillus thioparus
2- Thiobacillus thiooxidans
3- Acidithiobacillus ferrooxidans
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Table 1- Different Soil Sampling Zone of Mine

12 diged S wiged vl

( Sampling location) (Sample name)

Sulfuric PAD) (s,s4/5.. PAD sP

(Oxidic PAD) (5181 PAD OoP

(Sedimentation Barrier) .5 Cguw, s BP

(Hipe Pound) o Suis PLS

(Yellow Soil near to PLSpound)  PLS sy o3 3,5 S YP

(Oxidic Dump) ST ol SM

(Sulfuric DUMP) (s ysilgus ol DS

g_§9)3'9_3'| Lgl.m Lg),\fb d‘)‘.’ dl)fBu‘uz’] ngQ::?!A).) &) u_?u')b'
(D) 350 (63,555 IK Lasmo )3 )9S odaliie 3,565 0uiiS uS|

CSy Gyt 9y @ D958 9 80 LA Sk Gl jlad
ay By 591 6l 68 S 359] Sy yoLate 4y
PSS agei pyS Ve il 4S5 ghay a3 plosl IS cpl By g i
o V5 23,5 Joloxe PHE Vb il ©lind 3l 1) o Voo
BLAPH =V L il ol 5L ) o % 2]y ol 5 520
VNGB Sl e g Bl L5 3)90 (sla 8, B S
Lo e 69y yidgySone Vov o5l 4 Vo) e SV e DY s Fo) Y
31 g L ey s plosl (ol ojin cuiS 8T ey g cuss
0> 38 celw YA cae 4 ol Kl dojo Vo (glod j0 5515l

(V) 25 plos] et 5 398 S5 3l 5 3

MPN (9, 43 S 9539588 Lo 5 sk (i lads

Oliwd BL s (oo Ver 3 1) S iged jlpS Ve lise
b ol 3l 3 (e ) s 4205 bsloee g sy PH =Y L
By Joe Vo-F 08, U g assu )y olawd 8L pd (e Qg0
Weo oo chig)Soe Saly jo (190 Cd)5 & 50 (g5l
Saly ;o a5 0 dlol wlyy ey pg S laore 1 g See
Al LSV =F A=YV =Y sla 8y 5l g9 Sie Ve lise
J3 celn VY e d g 0 s pldlib b o culig Sen
CisdS 5l e g 9z8)S 18 ol Sl dsjd Vo glod j0 5SSl
2 Ste ALl (lyin 095 (58,5 Jla5 3 L (yeelisSl 0o
() 5355,5 € alols b MPN 3l

Lo @ gas ja (s £933 Lo padld Jadad g 4 jad
SLE e g0 )3 (09,50 Cumed () E95 (s o
2 29,50 sl 09,5 adS” 5l 5l ol vty SleMbl axe

3595 9 AT ouiiS wanus) S g 53930 (slags S (A ledt
Jbigis a¥ Ghgy 4

L g s s alls g 63,5659 ol IK cuis lae
OV 53 s 23,8 @uaS V> atdl Jlo sV S p58lgun S
oYy g asuy oal gols al IK i bae g (o YO
dg0s yb 3l g diduy (63,555 K S oo )00 i (Lo YO-
35 gSal 51 L )1 4Ll s o)) 4 o5 Ve olime SIS
5 38,5 J1,EVFRPM 90 b o, Koslw dan o Ve (slod j0,00,805
Lo oyl 5l asges (gylade oo jloslisul b jo) iy cuddS 1 an
b eY ol oy 2 JoY ol )13 51 am g 0 s Jlgs oY (s,
plosl S oo 0455 (sl il i ylady 0315 )15 g8y Sin 2
(F) 15

3855 9 (AT LS sans) 89 5651 sLas SiSL o jlach
Alcial olaas fishaa b lact Ghg ) 4
Vo g oinl OK Lasms 1) Ll Voo J3I S5 o8 Ve liue
b 55y 5555 OK lpma 5 Jha Ve 5 S0 S 8
Ay e S$ pST Gl e W0 ) Sl sl Y e
Cd) V=¥ 28, b g aisy) land 5L i (e d 55l sl o)
Sy OK) lyy OK Lagoes 5 iy Sa VYo o l5ue 15 plol g5l
Saly ,2) 4l V¥ Caby Son 51 (65Lar gk (63,55 5 o]

53 Alsl Saly p o ay Ve=F A=YV Y o) jl on
bl (9esligSil (b 3 lay e 5 31 65l Car Cales
J31 8, Sl a3 Yo (slod 53 g b atn whidll b g S
ol b 0ulgd YMPN b jo, V5l as ansliS | g5lsSS
Gy 0anliiio yal 008 wnST Gy il slo (6,Sh (gl oo

1- Most Probable Number
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1- Paleontological Statistics Software
2- Dominance

3- Shannon

4- Simpson
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Table 2- The concentration of Iron and sulfur at different Soil Sampling Zone of Mine
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(Sampling location) soil) soil)

(name
(Sulfuric PAD) &355PAD sP 48 43 5.8
«<SIPAD OP 24 53 48
(Sedimentation Barrier) ,.5 couw, s BP 62 28 6.6
(Hipe Pound) coa eis PLS 39 68 4.2
Yellow Soil near to PLS) PLS  Suis Sovpo0); SB
YP 89 18 4.6
(pound

(Oxidic Dump) (gauST ol SM 55 12 39
(Sulfuric Dump) (¢, 589w ol DS 41 32 45
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Table 3- The quantity of Iron oxidizing bacteria in soil mine samples

Sldp diged dllaie Jladal JS T CoeS 2l @Y g, b oy lows
Sampling zone  Most Probable Number  Enumeration with Neobar Lam
YP 3.3x107 6 x 106
SM 8.7 x 107 1.7 x 106
SP 6.6 x 107 2.6 x 106
PLS 5.1 x 108 4.6 x 107
DS 1.1 x 108 1.4 x 107
OoP 7.1 x 108 3.1x107
BP 3.5x107 6.5 x 106

O S (gl digad ;53,565 oS ST S5 L -€ Jo
Table 4- The quantity of sulfur oxidizing bacteriain soil mine samples

S 1352 diged adlaie ! S oS 2 Y gy b o jlews
Sampling Zone  (Most Probable Number)  (Enumeration with Neobar Lam)
WM 2x109 24 %108
YP 8.2x 109 2.9x 108
SM 8.4 x 108 3.9 x 107
SP 1.1x108 1 x 107
PLS 8.3x 108 1.8 x 108
DS 4.3 x 108 4 x 107
OP 9.3 x 107 2.8 x 106
BP 4.6 x 109 2x108

O SB 50 b By yigia CueS -0 Jgaa
Table 5- The quantity of heterotrophic bacteriain soil mine samples
Silop wiges allaio  Jloinl fSIas oS €8y Jly g b I g g b S
(Sampling Zone)  (Most Probable Number)  (Enumeration with Neobar Lam)

WM 3x 106 3.5x 105
YP 3.3x 106 9x 105
SM 2.9 x 105 3x104
SP 1.1 x 106 1x104
PLS 3.5x 105 6x 104
DS 2x105 5x 104
OP 1x105 4x 104

BP 2x 105 2x104
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Table 6- Theresults of biodiversity indexesfor autotrophic and heterotrophic bacteria

g5 sl 2,555 oS apuST o B9 55l (o] BulS a1 (b By il By gl (558
Diversity Index Sulfur-oxidizing autotroph Iron-oxidizing autotroph  Heterotrophic bacteria
(Dominance) c.Ji 0.1488 0.1405 0.1796
(Diversity Shannon, H) g4 3.83 2.02 175
(Identity Simpson, 1-D) jlues 0.8512 0.8595 0.8204
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Introduction: One of the most important indicators in relation to industry, economy and environment is to
achieve the most recovery with the least cost and minimum pollution. Today, the use of chemolithotrophic
microorganisms is common for extraction of some metals such as cooper, uranium, gold, cobalt and
molybdenum in bioleaching process of low-grade rocks. Attention to the bioleaching of heavy metals such as
copper, nickel, cobalt, zinc, and molybdenum has been increased in recent years because of its application to
low-grade ores. The variety of microbes identified as being capable of growth in situations that simulate bio-
mining commercial processes is rapidly growing. This is partly because of an increase in the number of
environments being screened for such organisms, partly because of an increase in the variety of minerals being
tested, and most importantly because of new techniques available to screen for the presence of organisms. The
aim of the present research was to study the quantity of two important autotrophic bacteria, iron and sulfur
oxidizing bacteria, in different regions of Miduk mine in Shahrbabak, Kerman province.

Materials and Methods The soil samples were collected from different locations of Miduk cooper mine
such as: Sulfuric Pool Acid Discharge (PAD), Oxidic PAD, Sulfuric damp, Pool Leaching Sulfuric (PLS)and
leaching hip. Top layer of mine soil (about 1 cm) was removed. In each site, soil samples were collected from
five different spots. The quantity of iron and sulfur oxidizing bacteria were measured by culture of serial
dilutions of samplesin 9K medium with Iron and sulfur as electron sources, respectively. The 9K medium was
used for enrichment of iron and sulfur oxidizing bacteriain collected mine samples. These two important groups
of bacteria have autotrophic growth but the energy sources for these two bacteria are different. Iron oxidizing
bacteria use ferrous ion in form of FeSO, but sulfur oxidizing bacteria use inorganic sulfur and sulfur
compounds as a source of energy and obtain the carbon from the reduction of the CO, of the atmosphere in
autotrophic growth. Heterotrophic bacteria were quantified by culture in nutrient broth medium. Most probable
number (MPN) method was used to enumeration the autotrophic and heterotrophic bacteria by culture of samples
in 24 well microplates with specific medium. The positive index for enumeration iron and sulfur oxidizing
bacteria in these experiments were red color and turbidity, respectively. The microplates were incubated for 21
days for autotrophic bacteria and 7 days for heterotrophic bacteria.

Results and Discussion: The results of this research showed that the highest quantity of heterotrophic
bacteriarelated to soil near to PLS and the lowest quantity belonged to sulfuric PAD. Iron oxidizing bacteria had
the highest density on oxidizing Pad (OP) and the lowest density of these bacteriafound in soil near to PLS. The
diversity of iron oxidizing bacteria was low in the mine. The lowest quantity of sulfur oxidizing bacteria related
to oxidizing PAD. Although appropriate diversity of sulfur oxidizing bacteria in compare to iron oxidizing
bacteria was observed in the Miduk mine. These results about quantity of iron oxidizing bacteria confirmed this
truth that the presence of oxygen and also low acidity in oxidizing Pad (OP) has major effect on the distribution
and quantity of iron oxidizing bacteria. Because, the optimum condition for growth of iron oxidizing bacteriais
low acidity and abundance of oxygen that these two factors provided in oxidic Pad (OP).

The quantity of sulfur oxidizing bacteria was high in yellow soil near to PLS. These results obtained by
enumeration with MPN and Newbar lam methods. This result can be interpreted as the high concentration of
sulfur element in this region has a selection force to prevalent the sulfur oxidizing bacteria in compare to iron
oxidizing bacteriain this region. Because, when the sulfur is high, the bacteria that can use this element as their
only energy source for fixation of CO, is dramatically increased.

Condusgions In the present research, the quantity and distribution of iron and sulfur oxidizing bacteria of
Miduk cooper mine were studied. Based on the results, iron and sulfur oxidizing bacteria had the highest density
on oxidizing Pad (OP) and in yellow soil near to PLS, respectively. Although sulfur oxidizing bacteria had an

1- Department of Biology, Faculty of Science, Shahid Bahonar University of Kerman, Kerman, Iran
(*-Corresponding Author Email: mshahi @uk.ac.ir)
2- Department of Microbiology, Islamic Azad University, Sirjan Branch, Sirjan, Iran
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appropriate diversity compared to iron oxidizing bacteriain Miduk mine. However, the results obtained in this
study confirmed that the sufficient quantity of iron and sulfur oxidizing bacteria were present in this mine. Then,
the soil bacteria of this mine can be used to enhance the bioleaching process in Miduk mine.

Keywords: Bioleaching, Iron, Oxidizing bacteria, Sulfur
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Table 1- The results of some soil physical and chemical properties in before experiment
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Sofw e s Do i L Foms Ty K
dep'th Soil et gl oC i (')’*f" ‘51:’; » Total N
Text % 3 4 % kg!
(Cm) exture pHCaCIZ (dS.m'l) ( 0) (0/0) (0/0) ( 0) (mg 4 )
0-30 o - 7.8 2.83 0.81 18.2 1.82 0.08 11.8 342
Sandy-Clay
30 - 60 o - 7.6 3.7 0.63 20.2 1.71 0.06 9.8 298
Sandy-Clay
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Table 2. Properties of the manure.
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K P Dry matter ocC Total N
(%) (%) (%) (%) (%)
1.25 1.07 91.74 21.12 1.11
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Table 3- The rate of quantitative parameters of pre-sowing plants before being returned to the soil
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Pre-sowin Fresh yield Dry yield Dry matter During growth Nitrogen yield
& (Tonha')  (Tonhal) (%) (Day) (Kg ha™)
& 22.33 3.25 14.68 90 150.47
Buko
£ 23.89 2.49 13.53 90 82.42
Perko PVH
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Table 4- The rate of qualitative parameters of pre-sowing plants before being returned to the soil
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Pre-sowing DMD ADF NDF
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S 52.98 39.10 32.58 4.63 28.91 7.63
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$x 59.41 27.93 22.27 3.31 20.69 9.27
Perko PVH
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Figure 1- Mean comparison for interaction of pre-sowing treatments and nitrogen effects on total of nitrogen depth 0-30 cm
(P<0.05) based on LSD test.
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Figure 2- Mean comparison for interaction of pre-sowing treatments and nitrogen effects on total of nitrogen depth 30-60 cm
(P<0.05) based on LSD test.
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Figure 3- Mean comparison for interaction of pre-sowing treatments and nitrogen effects on NO; depth 0-30 cm (P<0.05)
based on LSD test.
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Figure 4- Mean comparison for interaction of pre-sowing treatments and nitrogen effects on NO; depth 30-60 cm (P<0.05)
based on LSD test.
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Figure 5- Mean comparison for interaction of pre-sowing treatments and nitrogen effects on NH," depth 0-30 cm (P<0.05)
based on LSD test.
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Figure 6- Mean comparison for interaction of pre-sowing treatments and nitrogen effects on NH," depth 30-60 cm (P<0.05)
based on LSD test.
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Figure 7- Mean comparison for interaction of pre-sowing treatments and nitrogen effects on organic carbon depth 0-30 cm
(P<0.05) based on LSD test
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Table 6- The main effect of pre-sowing treatments and nitrogen on organic carbon (depth 0-30 cm) and forage yield of corn
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0395
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The treatments with a common letter have no significantly different(LSD test, P>0.05).
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based on LSD test.
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Introduction: Recently, destruction of soil organic matter and its has caused by continuous utilization of soil
and disregarding crop rotation , especially in arid and semiarid regions such as Iran. Considering hazards and
contamination caused by the application of chemical fertilizers, reducing consumption of these inputs, finding
ecological methods to provide crop nutrition supplies, increasing and maintaining soil fertility is consequential.
Cultivation of the appropriate pre-sowing plants, is one of these methods which can act as green manure to
maintain soil fertility by recycling carbon, organic matter and total nitrogen in the soil due to increase in
microbiological activity and release nutrients for plants uptake. Therefore, this study aimed to investigate the
effects of integrated crop management on soil nutrients characteristics and nitrogen mineralization during the
period after adding green plant residues was conducted in Karaj.

Materials and Methods: This research is performed during growing season 2013-14 at the Agricultural
Research Station of Islamic Azad University, Karaj, Iran. The experiment was conducted as a split plot based on
a randomized complete block design with four replications. Main factors included pre-sowing treatments in 4
levels (Perko PVH, Buko, Cattle manure and Fallow) and sub factors also included nitrogen levels (120 and 240
and 360 kg ha™', utilized urea source). Perko PVH and Buko belong to Brassicaceae family which can increase
the soil organic matter content when ploughed directly into the soil as green manure. Pre-sowing of Perko PVH
and Buko were planted in the middle of March. Pre-sowing plants were removed before flowering stem
emergence coincide with the end of the vegetative stage, two weeks before the corn was planted and plant
residues were rotated and mixed with soil. In order to apply cattle manure treatments in intended plots the
amount of 7 ton ha™ was given to the soil prior to corn. On July 6, 2014 corn planting was done by pneumatic
machine. Nitrogen fertilizer split and applied in 3 rounds as topdressing in the amount of 10, 70 and 20
percentage in the five-leaf stage, Stem elongation and tassel emergence stage, Samples were randomly taken
after harvesting corn silage from zero to 30 and 30 to 60 cm depths in each plot and mixed together. Soil samples
separately were dehumidified by air and were passed from 2 mm sieve. Organic carbon content of soil samples
was determined by oxidation in the presence of potassium dichromate and concentrated sulfuric acid (Hesse,
1971) and total nitrogen amount was determined by Kjel method (Hesse, 1971) and to measure soil mineral
nitrogen, samples were extracted by the 2 molar KCI solution, and ammonium nitrate samples were measured
using distillation and titration with HCI. Data analyses are done using SAS (Version 9.1.3) statistic software and
mean comparison was done using the LSD test at probability level of 5%.

Results and Discussion: Analysis of variance illustrated that the effect of pre-sowing on organic carbon,
total nitrogen, nitrate nitrogen and soil ammonium nitrogen in 5% probability level was significant. So for all
traits, Perko PVH and Buko were more effective than the fallow and animal manure treatments. The effects of
nitrogen levels on all traits were significant in 1% probability level, so that elevation in nitrogen usage increased
the rate of these traits. The interaction between pre-sowing treatments and nitrogen levels on soil organic carbon,
total nitrogen, nitrate nitrogen and ammonium nitrogen in the soil were highly significant at 1% probability
level.So Perko PVH pre-sowing treatment along with application of 360 kg ha nitrogen of urea source resulted
to the highest values among traits. The highest percentage of soil organic carbon content was obtained by Perko
PVH pre-sowing treatment and adjustment of 360 kg ha™ nitrogen in a rate of 1.08% and the lowest percentage
of soil organic carbon was obtained by application of cattle manure treatment and adjustment of 120 kg ha™
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nitrogen in a rate of 0.58%. The hlghest percentage of total soil nitrogen gained by Perko PVH pre-sowing
treatment and adjustment of 360 kg ha” nitrogen in a rate of 0.102% and the lowest percentage of total soil
nitrogen was gained by cattle manure treatment and usage of 120 and 240 kg ha™ nitrogen in rates of 0.052% and
0.047%.

Conclusions: According to the results, utilization of integrated crop management with integrated application
of organic fertilizers of chemical nitrogen fertilizer, improved soil chemical properties and soil fertility. Hence
applying organic fertilizers can significantly reduce the usage of nitrogen fertilizer while reducing their
environmental impacts. The result of the study indicated that pre-sowings of Perko PVH and Buko plants had a
positive and significant effect on soil chemical parameters, whereas soil chemical characteristics reaction on pre-
sowing yield is totally diverse. In general, it can be concluded that planting the pre-sowing plants and ploughing
their residues into the ground can maintain and increase soil fertility and consequently causing the increment of
crop quantity and quality proportions and can be considered as a one way to achieve sustainable agriculture.

Keywords: Buko, Cattle manure, Corn, Green manure, Perko PVH
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Table 1 - Physical and chemical characteristics of studied soils

Fe-
. . OM Clay Silt Sand EC CCE CEC == FeDTPA
SEooylews % % %  (dsm? (%)  (CmoKgly PH 2L (mgKg)
1 1.53 61.5 36 2.48 0.49 25.04 25.33 7.59 15.9 11.5
2 1.87 52.5 34 14.48 0.46 27.66 32.41 8.52 36.4 22
3 1.94 37.5 50 12.48 0.99 47.65 11.83 7.37 34 29.5
4 2.21 33.5 44 22.48 1.15 55.5 12.48 7.61 38.3 7.7
5 1.97 21.5 42 26.48 1.19 50.74 11.83 7.55 13.8 8.2
6 2.31 45.5 42 12.48 0.64 36.94 17.53 7.54 21.1 17
7 1.36 37.5 38 24.48 1.11 17.47 11.19 7.76 9.9 6.5
8 0.75 16.0 34 49.92 0.68 71.45 7.6 7.49 6.06 3.2
9 1.53 47.5 30 22.48 1.51 43.84 14.53 7.64 8.08 5.7
10 1.7 51.5 32 16.48 0.49 32.89 31.34 7.52 31.8 18.6
‘5‘4.“.1.3.: d);a)w LS J:u‘,o -y Jg.\-‘?
Table 2 — Different stages of sequential extraction
cstlond sl JS (4isB3) oI lSS ko SL 053 e 50, as
Chemical forms Shaking time (min) (ml) per (Sg‘;" weight Extractant
b5 y»lExch- Fe 120 10:40 1M Mg(NOs),
SluyS yalCar- Fe 300 10:40 1 M NaOAc
Jial OM-Fe 30 mm“‘t:;t;? boiling 10:20Double Repeat 0.7 M NaOCl
S ool slosens] 30 minutes in boiling 5:50 0.25 M NH,OH.HCI + 0.25 M HCI
AFeOX-Fe water
S S ol slaas) 30 minutes in boiling 550 0.2 M (NH,4),C,04+ 0.2 M H,C,0,4+ 0.1 M ascorbic
CFeOX-Fe water ’ acid
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Table 3- Effect of Felevels (mg K g™ soil) on dry matter weight, Fe concentration and uptakein aerial parts of soybean

RO ol chlé SuiS 39 o S e
Fe-levels Fe-concentration Dry matter Fe-uptake
(mgKg" (mgKg™) (g Pot™) (Ug Pot™)
0 55.36° 11.33% 623.5%
5 60.56"2 12.4% 753.6"
10 65.48" 12.074 787.9%

(PSe]+0) 35y Iy gixe gy S yiiie By (ghd glo 1Sl (gt 2 50
In each column, mean with the same letters are not significantly different (p<0.05).

1 omal (oS)g 0,5 sals 4 Cuns 2o yd YA YUY 5
rolis a5 Ll ol G5 e JS 0l g Cle (5l e
W g oo i (pobitie G BU bawgi (5)98 Bpan oS
OIS g ady) 0 (e 5 (89 5500 a3 al 29108 Ll s
S99 4 |y el ol > eliioe (VV) b oo (381 olS olga
O Sy 929 9 (olowdly Lid o 33 (cages JUI plaw Sy
(VW) 45103,8 (40135 it ol bawsgs JUil (g yo8' e yolie
pS sk VIO (3o 4 2l 5,0) &8 5,8 3155 (A) (mcdl S
P o 9 S5y 5 @i e Gl s (SBpS5kS
295 3,8 5l ol S 59 Sl 51 S Ty o g 45 Lges

Gl ypl

Ol L ooyl Byane F Jgan)d zydie ol 4 av g5 b
039 ol)_.o.m <9y 9 )_a.im oo )Aola.c J{u» 9 clale )‘JU;.JA
S oS5l oo 05 han D (5355 g > by
Fie e e cale a0 )d YV 5 YOM ials 4 poxie cud 5 4
R o5 A Sy g e e polis JS Ol ial g 95 9
w0,5 Lgw olS )3 duo )3 VY g AF/Y N5 L
i ol 2,8 48 20,8 ()5S (YR) lees S 5 03liing)
a acdyy ol JESIL L ady) by 350e Gl > M 4
4S5, 5,54 (V0) olud owld ol oads olen plul
4 bgw lacsys 2lon pll 3 g5y S ol g cdald (1 Sle

P11 (53 3 oo 5380 (SIS )3 0,55,500) i 5 (0594515 5 ko) IS 1 (S 0,545 5 ko) 3 obaus 318 g

bgw 292
Table 4- Effect of iron levels (mg kg™ soil) on the concentration(mg kg™) and total uptake (ug pot™) of Mn, Cu and Zn in
aerial parts of soybean plant.

; Zn Cu Mn
o2l zgbw
Fe-levels R i IRE e g
uptake uptake concentration uptake concentration
0 483.6°  44.03* 74.84% 6.66% 827.34 87.95%
5 371.7°  30.07° 62.818 4.998 129.8° 10.438
10 371.18  31.18B 51.31¢€ 4.26° 129.48 10.508
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In each column, mean with the same letters are not significantly different (p<0.05).
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Tableb5 - Relationship between Fetotal uptakein soybean plant with Fe extracted by DTPA and EDTA

adoleo

O g g
Equation (R?)
FeU= 478.548+11.1*FeDTPA 0.764"
FeU= 479.42+6.69*FeEDTA 0.61"
FeU = 637.155- 38.212 (FeEDTA) + 3.151(FeEDTA)* — 0.057(FeEDTA)? 0.95"

bgw ol JS Gls Giisee FelUp  aspy o Jlosnboraw o > simettese

**Significant at P< 0.01 FeUp:abreviation of total uptake of Fe in soybean
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Table 6- The effect of iron levels (mg kg™ soil) on Fe extracted by DTPA and EDTA extractants

Fe-levels Fe-DTPA Fe-EDTA

(mgKg™ (mgKg™ (mgKg?)
0 13.06° 21.54%
5 14.018 21.948
10 15.494 23.75%

(PSe/+0) 35y Iy pixe gy S e gy (g sla Sl gty 4D
In each column, mean with the same letters are not significantly different (p<0.05).
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Table7- Effect of Felevelson distribution of chemical forms of Fe by Singh et al method (32)

R T{EXWy

- 202! sras]

o2l gobw  ac oal i Sorl Gl el Sl pal
Fe-levels Res-Fe w5 5o OM-Fe Car- Fe Exch- Fe
CFeOX-Fe AFeOX-Fe
0 A27115 A7268 A1522 €0.5569 A1.833 “nd
5 A27475 A7240 A156.6 80.6260 A1.842 80.6977
10 A28346 A7404 160.8* A0.7070 A1.704 A2.03

{PS1+0) 1155 o ine gl S e By sl o Slon i 2 53
In each column, mean with the same letters are not significantly different (p<0.05).
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Table 8- Therelationship between extractive forms of Fe( DTPA and EDTA extractants) with soil properties

adleo e o gl
Equation (R?)
FeDTPA=550.62 - 71.2*pH 0.514%
FeDTPA=553.517-70.504*pH- 0.402*Sand 0.871%*
Ln(FeEDTA)=-0.9763+ *OM1.1101 0.564%
FeEDTA=-9.304+*0OM17.939 0.428*

* ** Significant at P< 0.05 and P< 0.01 at respectively

P bl bl je S o (g g polis itk sl S5
Adbiee S8

adaly 35 Jls by Jia ) ool losus] o
odaliiie )3 dre e (Siuer i 9 S (698 by Cute
Lt e ool &5 5,5 GISS(Y) Ohon 5 o550ml i
ol 03Dy L (gl gme Cute dlaly S 3 ) Hlade

Hoslo g s 1> Ly (S 5 45 ol e opiznan
L 4ot ol o (Situeds dal Gl ()3 ne o (Siaon
e 5l pyiiona 3] 6 s 05 b 33lga I o0l 5 Cluus s
S oyl cpl ) suate Slddlles (b (YY) o)) SKen 5§ i
TV OY) Loy Jlade b JS ool jlide o o abaly a5 canl o
odlo b ISyl yo o)1 (dixe e Sised e g (YA FF
Aoy ialisl bas w6, ()55 Ll .cowl sl cumsan(YY) JI
il 55, J5 oal UK cllan 3,50 (slanSs Josl 5 (o
Lol 03l oyl

e a8 03,5 st ol olewd gl S5 oy b))

a3 ool oSt g S5 (2 ool sl Sl S ol
Lo (S yitod g Cuwl 03> Ui HId xe (e [ Siues
s JS o opl eloanSTL JTolge 40 fuate oal ol xe
= ol oSt o a8 el Jb s ol (Ve Jgis) sel Cans
s g A 00y LS I Sxe Cute  Siued Jlins S g JSS
G35 ) e (Siran dois (ol b JS ol e oy
Gl gl IS e b b (Siuwed S5 3935 (plplo 00,5
S olews IS5 ol o bgr daly 3939 5 s (pal

ol 7N 9 70 Jloint prdans 53 Jl3 dime s 5 a4y FF K

Cd )b b ppes Sliasl alaungs 0 gl S8 ol JS
S alaly Jolao mrdS CluS L g (o daly S8 Jols
Sy JSS L SB S Glo s g Cute (Ko 3> (Lt
blitwl ez Lel .l oad (5)135 (V) otz 9 ol bawsgs opnl
ol Sl S L (Sal sl 3 wlild S IS o K8
e i Sl SLS 5l sl )3 9 039 aiiens LS 5
g L1y SlioyS ol  (Siuwen (V) o, Ken g S 295
Gk d53)S ()15 (ke ¢ Jlade Ly g Custe s 9 (0
ol S @b ol (YA) oy Kat 5 56 ey il
o S s SB > Bpas o8 polie b i (Ser S
Cantl b ol 48 il ooy L Joleo eSS S ltie
S ol IS it b dislie )3 puadS @l S cl)3 o5l
A5l e

L 65 ojlas ) ool N USS ppr (Staad ¢35 0>
Loglbhab ooly L Jlo gine 5 Custe ol b (e o )lS g0
o Pl le (o QRIS & 20,8 (3155 (V) olSen
Do J Ol 5 4 Juate JS8 (I3 4 jomie I dlge a8
9 S LSy om )l &5 38 bliwl iz plgi oo cnlpl
Jade 3 ol WU (la o adllas 3)90 ST (oo
5 oless ol 0313 (L5 s oIS g b 0 gl sl T IS
S olge Jolomals o Jgloo S 5 oS 0,8 3155 (V0) olSe
A0 eige 4 oal Caldle ialS b b5l )3 olieer 3 S
I AT ElS 5 olss 4 SB Jlolgo b o] bl g ol S v
aile SB 5l aleeS 529 omizpan 5 olge el (slaog S caler
Al g dtaly (S5 )35 9 e85 cudbo g lay

adaly gy 5 58 L3 cad )b b (S oal gl
(st (StumotS B (6598 Polas pulS SLuyS L g > gae Cute
5 odl JSeh o bS] o cate bl Lol L Iy e
(FY ) ol 0l (5155 55 el plo sl 13 (o)
Ot Sl Kian (055698 5l (S0 4538 ol (M) Glogs



VIO ol S 29595 9 bgms LS sy 3 T (32 pimsgSns 1

LS lomd 5 (K58 SRS 529 b 0 (rboonsd SIS (o (Siunsad ~AJ g0
Table 9- The correlation between the chemical forms of Fe with physicl and chemical properties of soils

S slaS s :;‘;: S IR RS [NV RS- JPpS [NV BRI JOFC R P
Soil properties T-Fe CFeOX-Fe AFeOX-Fe Car-Fe OM-Fe
ST e:3LOM *0.754 *0.749 -0.253 -0.092 -0.019 0.207
oils o pH -0.172 -0.179 0.020 0.014 -0.086 0.682%*
S s b LCEC -0.154 -0.206 0.834** 0.801** -0.78** -0.262
Joleo pandS” by ,SCCE -0.405 -0.153 -0.623 -0.737* 0.764* 0.082
oSl coliaEC 0.132 0.012 -0.78** -0.695* 0.551 0.621
oaSand -0.320 0.38 -0.221 0.547 0.461 0.086
cdew Silt *0.718 *0.647 -0.71* -0.385 0.462 -0.101
o Clay -0.152 -0.064 0.571 0.708* -0.598 -0.088

* ** Significant at P< 0.05 and P< 0.01 at respectively

ool 70N 9 70 Jloin! pdans 53 45 me s 4 FF K

(YAM) oy Sad o Sinmw (99, 42 (2] (21lroand GRS (i (Nammo =Y ¢ Jgo
Table 10- The correlation between the chemical forms of Fe by method of Singh et al (1988)

- o2l bS] ool raws]

3 Lo 5 3,5 ol (RN} Ao oyl
cstlhonns el Sl o o s s 5 o2
Chemical forms Car-Fe OM-Fe Res-Fe
Aox-Fe Cox-Fe
ST o»l OM-Fe 0.289 ns
JSi 0 o] sloas| AFeOX-Fe -0.7653% -0.507""
S S oyl loaws) CFeOX-Fe -0.754 % -0.229ns 0.738"
Js ol T-Fe -0.124ns -0.1ns 0.037ns -0.277ns
ao35 oyl Res-Fe -0.003ns -0.047ns -0.08ns -0.413% 0.99:

* ** Significant at P< 0.05 and P< 0.01 at respectively
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Table 11- Analysis of variance of different treatmentson yield, concentration and total uptake of micronutrientsand
different chemical formsof Fe

Ol i 23lio s o»l xS o S’
Sour ces of variety Error Fe* Soil Fe Soil
&3l as
Degr ees of freedom
60 18 2 9
IS b S las lFe-DTPA 2,032 1147 44.9%* 611.6%*
4.5 owiRes-Fe 21036273  407628615™  12004251™  242806121%**
ool clale Fe-concentration 134.2 167.3M 768.3%* 113.1™
#5e clale Mn-concentration 124.4 4317.2%* 60038 4731.1%*
3 cdleZn-concentration 46.95 93.5% 1807.09* 512.2%%*
e claleCu-concentration 1.49 7.11%* 45.55%* 16.76**
KLis o3lDry matter 1.7 4.12%* 8.89%** 11.14%*
oal wisFe-uptake 25400.5 16799 ™ 225518.7** 86027.5%*
3540 wisMn -uptake 10047.4 192231.1  5515843.7%%  220409%*
9y waZn -uptake 6303.01 7665.9™ 125881.9%*  68316.2%*
e wiaCu -uptake 237.3 938.6%* 4155.6%* 3189.9%*
bl alExch- Fe 0.0522 0.344%* 31.81%* 0.742%%*
SluyS palCar-Fe 0.0486 0.0685™ 0.178 ™ 1.28%*
JI oal OM-Fe 0.0102 0.07%* 0.169** 2.08%*
JSae ool glbauSIAFeOX-Fe  3140.012  4624.61™ 559.51™ 381000%*
S )S ol sounSICFeOX-Fe 316458  543436.1%  231496.1™  42628620.2%*
15638l b s pSolas (plFe-EDTA 1482 2.989* 41.48%* 1418.5%*

Woyd ) g0 il daw )3 45 xe g o)l Gre pE iy 4 e NS
Ns,*,** not significant and significant at P< 0.05 and P< 0.01 at respectively
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Introduction: Among essential plant micronutrients, iron (Fe) exerts the highest restriction to crop
production in Fars Province. Determination of iron chemical forms is one of the accurate methods to study the
status of this element (Fe) in the soil. Assessment of the relationships between the chemical forms and soil
characteristic helps to describe the chemical changes of iron in the soil. In this study sequential extraction to
determine iron forms in soils was conducted in order to provide a clear understanding of elements mobility and
availability to plants. Trace elements in the soil are classified into 5 groups of chemical forms. These are the
water-soluble and variable, adsorbed, chelate creating with complex compounds, secondary clay minerals, forms
of insoluble metal oxide minerals, and primary minerals. Trace elements in the forms of water-soluble,
changeable, adsorbed or chelates improve elemental balance in the soil and are known important for plant
nutrition.

Materials and Methods: In a greenhouse experiment, the effects of Fe chelate (FeEEDDHA) fertilizer levels
on William cultivar of soybean (Glycine max L.) growth and chemical composition were studied using factorial
and completely randomized design with 3 replications. Treatments were consisted of 10 soil samples and 3 levels
of Fe applications (control, 5 and 10 mg.kg-1 as Fe EDDHA). The aerial parts of Soybean plant were harvested
at 8 weeks after plant emergence.Furthermore, many physical and chemical soil properties and extractable iron
content with DTPA and EDTA were determined. Furthermore, by using sequential extraction methods of Singh
et al ( 1988), chemical forms of Iron for example, exchangeable iron (Exch-Fe), organic bounded iron (OM-Fe),
amorph iron oxides bounded iron (AFeOX-Fe), crystal iron oxides bounded iron (CFeOX-Fe), carbonate and
residual forms of iron in the studied soils, were determined. Finally, concentrations of Fe, Mn, Cu and Zn were
detected in plant and soil.

Results and Discussion: Forms of carbonate, organic, amorphous oxide, crystalline iron oxide in the forms
of bounded and residual iron showed 0.0053, 0.0016, 0.44, 21.1 and 78.6% of the total soil iron, respectively.
Therefore, the content of carbonate, organically bound iron of soil, represented only a small fraction of total soil
iron and was considered unimportant in the total iron.In other words, crystalline iron oxide bound iron and
residual iron forms constituted an important part of total iron.

The average contents of chemical forms of iron were classified as follows:

Res-Fe>CFeOX-Fe>AFeOX-Fe>Car-Fe> OM-Fe >Exch-Fe

Applications of Fe had a significant effect on dry matter, concentration, and uptake of Fe, Zn, Cu and Mn,
extractable forms via extracting DTPA, EDTA, organic and exchangeable forms in soybean, when compared to
the control. Among the chemical forms of iron, organic form had a significant positive correlation with the
amount of available iron plant (extraction by DTPA). Moreover, most of the physical and chemical properties of
calcareous soils studied were significantly correlated with the chemical forms and amount of iron uptake by
plant. DTPA extractable iron had a negative significant correlation with pH (R?=0.514") and EDTA extractable
iron had a positive significant correlation with organic matter (R*= 0.428"). The strongest correlation among the
different chemical forms was obtained between the total and residual iron forms. Furthermore, the form
connected to the amorphous iron oxides (AFeOX-Fe) showed a positive significant correlation with crystalline
iron oxide bound iron (CFeOX-Fe). Therefore, there were significant correlations between some chemical forms
of Fe, indicating the existence of a dynamic relationship between them in soils.

Conclusions: Application of Fe EDDHA resulted in significant increase in the organic and plant available
(DTPA) forms of iron and, then it can be inferred that due to significant regression equation (r=0.435") between
two chemical forms of iron (organic and DTPA extracted), the form of organically bound formed the bulk of
available iron in the plant. The positive reaction of plant to the use of Fe EDDHA was attributed to a significant
increase in absorbable forms of iron in the studied soils. Furthermore, the highest level of iron (10 mgkg™ as Fe
EDDHA) resulted in significant decrease of yield and a sharp drop in the concentration and uptake of other

1-Master of Science,Soil and Water Research Department, Fars Agricultural and Natural Resources Research Center,
AREEQ, Shiraz, Iran

(*-Corresponding Author Email: ltabande@yahoo.com)

2-Master of Science,Department of Soil & Water, Jihad Agriculture Organization, Zanjan, Iran
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nutrients such as Cu, Mn and Zn in plant. Thus, production and appropriate stability of the concentration of the
other nutrients and good balance should be achievedthrough using an optimum level of Fe EDDHA in the
Soybeancultivation.

Keywords: Iron, EDTA, DTPA, Sequential extraction,Chemical and Physical properties of soil
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Table 3- Strains produced halo and colony diameter in plate containing ver miculite and muscovite

Diameter (mm) S db e db S A e db
] Colony Halo Halo/Colony Colony Halo Halo/Colony
31 Cu gSuume Cul g 59
Bacterium Muscovite Vermiculite
Bacillus subtilis 54 81 15 45 9 2
Corynebacterium glutamicum 44 6.1 13 55 8 14
P. putida 8.7 6.3 0.72 6.7 5.8 0.86
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Table 4- Biochemical testsresults and characteristics of potassium solubilizing isolates
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903! =W
Test Results
Jss Juwly 355 93b5 ;3 L Jawly JuwlisS 55
Shape Rod shaped Coryneform Coccobacill
P LSy N N -
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Slwl s
Ksnot
Yo Central oval
Spour S
YL
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Gelatin hydrolysis
Oy B o
Citrate utilization - - +

+ + +

+ - +
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Al ol

Bacillus subtilis  Corynehbacterium glutamicum  Pseudomonas putida
Isolate name
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Table 5- ANOVA results of treatments effects on some plant characteristics and potassium concentration

. q 5 s . SdS (439 . i
N Silp el S Sis E N3] Al ol il @i pewly
o5 2o ol oW sl agy, g Al . "d)ry potassium XV
Sov ’ Height Root Arial wet Root wet weight concentrati  potassium
DF length  weight weight 9 on uptake
g 9 Arial dry 9 P
weight
Potassium 3 150.4 54.1 22179.8 26008.3 14532.1 5204.05 0.006 0.0006
source
6)5_ ) 2 319.2 53.8 174749.1 34574.1 2726.1 29150.3 0.006 0.002
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&
d):sb*w\:i ** * k * k * %k ** * %k * ok * k
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a5
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Figure 1- Mean comparison of treatments effect on plant height
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Introduction: Potassium (K) is the third mgjor essential macronutrient for plant growth. Without adequate
potassium, the plants will have poorly developed roots, grow slowly, produce small seeds and have lower yields.
Due to imbalanced fertilizer application, potassium deficiency is becoming one of the major constraints in crop
production. The concentrations of soluble potassium in the soil are usualy very low and more than 90% of
potassium in the soil existsin the form of insoluble rocks and silicate minerals. Soil microbes have been reported
to play akey role in the natural K cycle and therefore, potassium solubilizing microorganisms present in the soil
could provide an alternative technology to make potassium available for uptake by plants. Thus, identification of
microbial strains capable of solubilizing potassium minerals quickly can conserve our existing resources and
avoid environmental pollution hazards caused by heavy application of chemical fertilizers.

Materials and Methods. This study aimed to isolate and identified potassium solubilizing bacteria and
evaluate those effect on K availability from muscovite and vermiculite sources to wheat crop under in vitro
condition. The study was conducted as factorial in completely randomized design at three replications included
bacterium inoculation (control, isolatel, isolate 2) and four k sources (muscovite, vermiculite, muscovite+
K,HPO,, vermiculite+ K,HPO,). Bacterial isolates were obtained from wheat rhizosphere on modified
Aleksandrov medium containing muscovite and vermiculite powder as potassium source. Nutrient broth medium
was used to prepare an overnight culture of bacteria to inoculate in Aleksandrov medium, which was used to
study the dissolution of silicate minerals. The zone of solubilization recorded on Aleksandrov medium. Then the
ability of two bacterial strains, including Bacillus subtilis and Corynebacterium glutamicum to release mineral K
from muscovite and vermiculite was investigated. After 18 days of seed culture, aerial part of plant growth was
dry digested and K concentration was determined by flame photometry. Dry and fresh weight of aerial part and
root, plant height and root length was recorded.

Results: Three K-solubilizing isolates from 15 isolates identified by biochemical and molecular methods
which belonged to Bacillus subtilis, Pseudomonas putida and Corynebacterium glutamicum. The potassium
solubilization zone of each strain on Aleksandrov medium containing muscovite were 8.1, 65.1 and 6.3,
respectively. The zone was also 9, 8 and 5.8 in Aleksandrov medium in the presence of vermiculite as insoluble
potassium source. According to these results potassium release from vermiculite was more than muscovite, in
spite of more potassium content of muscovite. According to the obtained results two strains Bacillus subtilis and
Corynebacterium glutamicum were selected for in vitro experiment because of halo to colony diameter ratio. The
ratio of halo to colony diameter in the presence of muscovite for Bacillus subtilis, Pseudomonas putida and
Corynebacterium glutamicum was 1.5, 0.72 and1.3, respectively. These ratios were 2, 1.4 and 0.8, respectively
in the medium containing vermiculite as insoluble potassium source. The results showed that the effect of
bacteria inoculation was significant (p<0.01) on all measured parameters. After being treated with the each of
KSB strains, plant dry weight and uptake of K by wheat seedlings increased significantly. These increases were
higher with the combination of Bacillus subtilis inoculation and vermiculite powder addition. Potassium
concentration of plant was depended to culture medium. Maximum K solubilization occurred when vermiculite
was used as a potassium source followed by K,;HPO,. Also K concentration of plants was significantly (p<0.05)
affected by bacteria. In our study Bacillus subtilis showed the most pronounced beneficial effect on plant growth
and K concentration by wheat seedlings. There was significant difference between potassium concentration in
aerial part of wheat seedling cultivated in bacteria free medium with soluble potassium and medium containing
bacteria without soluble potassium. This results shows the importance of potassium solubilizing bacteria to
supply potassium for plant.

Discussion and Conclusion: The enhanced release of mineral K might be attributed to the release of organic

1, 2- Associate Professor and Full Professor of Soil Science, Department of Soil Science, Faculty of Agriculture, Shahid
Chamran University of Ahvaz, Ahvaz, Iran
(*-Corresponding Author Email: n.enayatzamir@scu.ac.ir)
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acids from the bacteria, a mechanism which plays a pivotal role in solubilizing potassium from inorganic source
of potassium. According to the results combining the inoculation of potassium solubilizing bacteria and the
addition of K bearing minerals could be a promising sustainable alternative to commercial K fertilizer and may
help maintain the availability of soil nutrients. Further studies are necessary to determine the effects of these
bacterial strains on mobilization of potassium-bearing minerals under field conditions.

Keywords: Dry weight, Height, Insoluble potassium, Muscovite, Vermiculite
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Table 1- Selected physico-chemical properties of the studied soils (n=24)

Shedl  (Sicele (Bl maw opd e e Camd o8 Sl oy Wl oyl
Soil texture EC (dSm™?) ESP (%) SAR (meg/)®®  Sand (%) Silt (%) Clay (%) Sample No.

silty clay 31.4 38.6 31.8 10.1 46.3 43.7 1
sandy loam 72.4 70.3 48.3 55.3 30.2 14.6 2
Loam 48.3 39.5 21.8 41.6 43.2 15.2 3
Loam 2.3 18.5 16.4 46.6 36.4 17.0 4
silt loam 9.2 32.6 25.3 18.5 58.6 229 5
loam 85.4 71.0 47.0 43.8 435 12.8 6
loam 8.2 35.1 25.7 46.3 35.8 17.9 7
loam 15 9.6 10.7 36.6 45.7 17.8 8
sandyloam 7.2 31.0 22.8 53.2 329 13.9 9
sandyloam 9.4 34.2 28.8 59.4 33.0 7.6 10
silty clay loam 1.3 7.0 35 16.0 44.6 39.5 11
silt loam 0.8 13.7 0.7 194 55.8 24.8 12
silty clay 5.2 29.1 26.9 16.7 41.4 41.9 13
silty clay loam 21.6 30.5 30.9 13.6 49.0 37.4 14
silt loam 1.2 4.0 17.1 21.6 60.4 18.0 15
silty clay loam 2.1 19.5 9.2 155 45.6 38.9 16
clay loam 1.2 12.8 7.3 29.5 385 32.1 17
loam 2.2 14.4 18.8 259 47.3 26.8 18
loam 10.5 36.2 34.6 33.8 48.4 17.8 19
clay loam 15.6 23.1 26.4 27.3 44.2 28.5 20
clay 2.2 8.1 2.0 11.1 36.6 52.3 21
silty clay 15 10.3 5.3 9.0 41.6 49.4 22
silty clay 1.1 5.0 10.3 8.2 45.2 46.5 23
loam 3.5 17.6 14.7 37.7 40.2 22.1 24
Mean 14.39 25.49 20.26 29.03 43.52 27.48

SD 22.91 17.98 13.07 15.98 7.68 13.14
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Table 2-The mathematical representation of the particle-size distribution models
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Figure 1- Variations in the efficiencycriteria of the applied models among thestudied soil samples. R:
coefficient of determination, RMSE: root mean square error, Er: relative error.
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Figure 2- The relationship between clay content of the soil samples and the values of root mean square error (RMSE) of
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models.
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mean square error (RMSE) of models
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Introduction: Particle size distribution (PSD) is one of the most fundamental features of soil physics that is
widely used as the most common input to predict several key soil attributes. The mathematically representing the
PSD provides several benefits to soil mechanics, physics, and hydrodynamics as well as helps to convert PSD
data of various particle size classification systems to the desired one. Consequently, the correct and consistent
descriptions of soil PSD using mathematical functions is necessary.

The PSD models have often been evaluated in terms of their general performances to predict the entire PSD
curve. Although given model may be feasible and globally perform well to generate the whole PSD curve,
locally may fail to predict some specific points on the curve. To our knowledge, as well as, PSD models have not
been widely tested for salt-affected soils with different levels of salinity and sodicity.

The aim of this study was to determine the error structure of several more accurate PSD models in selected
soil samples with different levels of salinity and sodicity.

Materials and Methods: 24 locations neighboring the western edge of threatened hypersaline Lake Urmia
were sampled in this study. The locations were selected based on the available soil maps and soils with wide
range of salinity/sodicity were sampled. Selected physical and chemical properties of the soil samples were
determined by standard methods. The performance of six PSD models including Modified Logistic Growth
(MLG), Fredlund type models with three (Fred-4p) and four (Fred-3p) parameters, Anderson (AD), ONL, and
Weibull (Wei), which have been reported as the most accurate PSD models by previous studies, was evaluated
using different efficiency criteria that offer various performances depending on the range of particle sizes.

An iterative nonlinear optimization procedure was used to fit the observed cumulative PSD data of the soils
to the PSD models. Since every statistical criterion evaluates a part and some (and not all) aspects of the
correspondence between measured and predicted values, we suggest that an effective assessment of model
performance should include a suitable combination of criteria. Furthermore, dependency of the models
performance was examined to the range of soil particle sizes.

Results and Discussion: The soils differed widely in their EC (range = 85dS/m and CV = 159%), ESP
(range =67 % and CV =71 %), and PSD (CV of clay and silt particles, 48 and 55 %, respectively). Soil textural
class of the soils was differed widely from sandy loam to clay. All the soils were calcareous and alkaline.

The results showed that according to the efficiency criteria, including R? (coefficient of determination),
RMSE (Root Mean Square Error) and Er (Relative Error), all of the models have high efficiency, so that, the
lowest average value of R? in models was 0.992 and the maximum value of RMSE and Er was 0.028 and 0.045,
respectively.

Prediction error of the models was dependent on the diameter for which we predict the cumulative fraction
and decreases with increasing of the soil particles diameter. The performance of the models showed a significant
quadratic polynomial relationship with sand content of the samples, so that, the studied models had the lowest
performance in soils containing 30 to 45 percent sand.

The point-to-point error structure of the model represents a decrease in systematic error in estimating coarse
soil particles, while the models over-estimated the relative frequency of the fine soil particles. In addition, the
values of relative error were also lower for coarse particles of the soil, so that, the Wei model (for example) had
the lowest Er value for 100 to 500 um diameter soil particles. The relatively high correlations between
parameters of Fred-3p, MLG and ONL models show insights to reduce the number of their parameters.

Furthermore, parameters a and ¢ of MLG model, parameters # and o of ONL model and parameter « and m
of Fred-3p model had a statistically significant correlations. The relatively high correlations between parameters
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University, Urmia, Iran.
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of the PSD models show insights to reduce the number of their parameters which increases their applicability.

Conclusion: The studied models generally performed well to predict the whole PSD curve, but their
performances were particle size dependent. This implies that, one should consider the range of sizes of soil
particles for different models. A model might be accurate enough to predict some ranges of particle diameter or
the whole PSD, but not for particular range of particle sizes. Using such models might lead to large errors in
predicting the specific PSD range of interest.

Keywords: Lake Urmia, Prediction error, Saline-sodic soil, Soil texture
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Figure 1- Fe critical level in studied soils
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Table 3- Analysis of variance of Fe effect on the study parameters

anllhos jg0 sl yielyl 2 ol P b lg 4555 =3 Jga

Ol yo (uSlo
gove iy Y1\ LK Mean of sum Squares
Sources of variation  Degree of freedom S 03l (439 clale K ods
Dry matter weight Concentration  Total uptake
Se 18 1.150" 43560™ 0.903™
Soil
38 - - -
- 1 10.641 243370 10.675
Fertilizer
5 # Sk 17 0.290™ 22496 0.466™
Soil*Fertilizer
s 70 0.199 6240 0.128
Error
et - 11.94 16.22 19.31
CV

ol (g gxe pae g 2o L o3 aw 3 )b ixe cuiy 4 NS

*%* ‘*

* ** and ": Significant at the 5% and 1% probability levels and non significant, respectively

o (556503131 (5ol ly 52 (81 355 e il -4 Yy
Table 4-Effect of Fe fertilizer on measured parameters

o 3 Sl Sis ool . .
: e . ¢ - S [ tarz o2 S s
Sk (s yd) (I8 13 0,5)  (0,59LS s 0,5 o) LS Suid o3lo 43 JS o2l clalé _ _
(OIS 52 0,5 ko)
Soil Relat(l(;g )yleld D(g); r;oatt_}()ar Total Fe concentration in plant (mg kg™) (Fri;[:)t)&;kl(;
o2l 395 ol
Fe fertilizer levels
0 10 0 10 0 10
1 68.7 2.31 3.36 388.3 599.6 0.90 2.02
2 60.7 2.45 4.03 299.0 705.0 0.57 2.86
3 73.9 3.47 4.70 353.0 427.6 1.23 1.99
4 78.8 3.59 4.52 489.6 515.5 1.57 2.31
5 775 2.66 3.43 262.3 2313 0.72 0.80
6 77.1 2.79 3.62 4243 504.0 1.20 1.83
7 87.2 331 4.18 431.0 430.0 1.45 1.79
8 85.9 3.51 4.09 494.0 627.3 1.74 2.58
9 90.7 4.03 4.44 415.0 534.0 1.67 2.34
10 99.1 3.80 3.83 331.6 563.3 1.26 2.15
11 93.2 3.50 3.76 574.3 622.6 2.05 2.38
12 77.3 3.56 4.60 426.0 652.3 1.64 2.97
13 96.0 4.29 4.47 453.6 458.3 1.93 2.03
14 95.2 3.84 4.03 501.0 479.6 1.92 1.93
15 87.2 3.23 3.68 451.6 510.0 1.46 1.87
16 85.2 3.29 3.87 600.0 670.0 1.96 2.59
17 95.6 4.13 4.32 518.0 553.0 2.14 2.37
18 98.2 3.88 3.98 526.0 536.0 2.04 2.13
ok - 3.42° 4.05° 439.4° 534.4% 1.54° 2.16°
Average

005 gyl e glas 1o yd B Jlainl prbans 55 Sl (sl diels dix 905l bl itads S jtdie By S syl JBlis oS (gt ya o olb (Sl
.Means, in each column followed by at least one letter in common are not significantly different at the 5% probability level-using Duncan s Multiple Range Test

e e cglate YD oy Sete dlosjl edlaiuldyge (655 0 jlas
polde .l oa byl e (13) OHar 5 (b bwg Sl s

Bl byl pH sl dibate 4 SSK ot sla Shs
Oh9y 0304 9 Jaae g5 g SB wlid SIS ) Hlade (Sl
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940 3 (S8 p Sl 2 p S e B) Slom >l 5 il
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il ol )y el); S bl Cuxdg oniad Ll
20 B 1/5 5l ccbale cgls Lldjl ogllan SuSlyy clb (3)b
SLS oS LS o p)S o 18 aialy L SK o Sols” )5 Lo

o
ool b oyl cunsy Liomw sl elbae Hlae Slpu >
3ySbes (585 15 3 Ly g ey Ll 3 (ol Lel o3y
Oldes 4 S STy 1y 5 000 obj)l Lug) Jaasxe (g3ladl
Ol 3 i (gt BB g 0392 glite 395 Bpan g (£
34 Sl a8 GlaSB s ol cble (W Sile o
T3 Lol o 3,Shos b0 563 5 516 5oy o5
09,5y odlawl JoB oy al cbile 1WSile & Jbyd Canl 2oy
5SS Syl S ke 919 il 2 51 VL slacSs
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P Sl g S b Sy (e (Suwed co g =5 Jgu>
Table 5-Correlation coefficient between soil characteristics and plant response

S sl S
Soil properties
_ oW Sl Jali cud,b o3l 9B oyl
olS ewly (22,3) o, . - . = _
Plant response Clay () (BB ofes 5 s iils) (S 0 55ks 5 055 ko)
(%) Sand  Cation Exchange Capacity Available Fe
(%) (Cmol kg™) (mg kg™)
(s 2580as 0.64” 074" 0.61" 0.63”
Relative yield
> ok 0l 0.64"  -0.60" 0.58" 0.61"
Dry matter weight
Al o 050"  -0.55" 0.38™ 074"
Fe uptake

ol Y dxe 3o )> K g Mo )20 praw 3 S A g i gk
*, **: Significant at the 5% and 1% probability levels respectively

adllas 3y50 B SE S30b 5 aloosd sl Shs «Yoleo 3
yiie Oy alS glagly ply ) Jitue glayoite olgica

») LS slagl o adlandyge (S (Shy I
P b ey Sgee)Sy OVolae b (355 Bpae (g sbay)lew
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ool ccale U e oLS al S Cis 4 dblae
Asles s s A3l o JI S oy g S 3 eolizal b
ol OI6TT** 4655

[Eq.4] 4 dslae
Feypae = 442+ 0.07x Fe ., +0.89x0C
R2=0.677"
5 (S5 aS

adllas dy90 slaSE )3 odliatul B oyl Hlade Sl aiel

0392 lwg > TIT5 Sl b oSl o5 e 20 5'1/5
= S e D e 350 S )3 al Slso s ol
A3 o Ui i g3 o yd prolie el Cowmd 4 S5 p S elS
2 pyS o 55l yxeS Loyl oyl Hlide LasSs sy 34 &
8 w203 33 2 50lS 13 p)5 Lo BB D o 00 )3 33 (6 S lS
S slaShy o Sl SBp IS 055 e 01
Sty ola ol JoB al b SeslS Jols cud )b g ) ke
Ol Yy ixe g (e (Simod (pub Hlddo 5 4l Sxe g Cuie
u_mlp_lal;)gl_) oo oS ol S Ol @lyuis e o
B7/T" s o L (T op)S do )3 5 S5y olizad J6

A b Sl 5> dily
2S5 5 (CLAY) ) jlaio a8 amd oo L5 1 dlolae
5 cate b, (DM) a8 St asle )35 L 5l e (OC)
6412 sl o adslo 1yl g5 cpl waules JLEp (oI5 ine
(1 dolee)aisled i i 1y Sis o3l &y Aoy
[Eq.1] 1 Wsleo
DM =1.407+0.037xCLAY +1.436x0C
R?=0.642"
L) 515 o 3,5k S8 (sla Sy 5 2 el
ool CBLE g o Alinde o WisS s am3 o L |, (RY)
g cte byl (I oy S aoyd g (Fegsoin) S5 53 alisel b6
2yl Late byl o 5,Slas L (SAND) (45 jlade g jl5 ixe
ol i BB s 3,8des @l 10 p3 19 2 dolas
[Eq.2] 2 dslee
RY =83.33-0.454xSAND +0.958x Fe,, +16.99x0OC
R%=0.791"
opl cbale b bLs,l 5 olS 19,0 ol cbale jlade 3 dlee 5
2 ol oadedhy LS (SILT) S s jlde ¢ ool LB

i JoB olS 19,0 ol Olyss aoyd 63 390 3 dslee

ol s BB oy [Eq.3] 3 Wleo
Feco =91.11+13.16x Fe ;) + 7.35xSILT
R2=0.634"
&l
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Introduction: Soil test has an important role in plant nutrition management to obtain the economical
agriculture system. The nutrient concentration in soils that indicates the division between responsive and non-
responsive conditions is termed the critical level. Before any fertilizer recommendation, we should be aware of
the amount of nutrient critical levels in each region. Soil test results in an area, is not applicable for other
agricultural areas. Therefore, these tests should be carried out in the soils of a desired area, so that the soil test
could be the base for fertilizer recommendation. Iron is an essential micro element in the soil that mainly was
found as insoluble (Ferric or Fe*") form. Solubility of total inorganic iron decreases between pH 7.4 to 8.5. Bean
(Phaseolus vulgaris L.) crop is one of the most widely grown throughout the Markazi province in Iran and has
high nutritional value for human. Knowing that bean is a sensitive plant to iron, and because of lack of any
information about iron critical level and regional calibration, this study was conducted in Markazi province.

Materials and Methods: Eighteen soil surface samples (0-30 cm) selected with a wide range of soil
properties and iron concentration (extracted with DTPA method) from different zone of province and prepared
for greenhouse cultivation. Soil physical and chemical properties such as: (texture, pH, calcium carbonate,
organic matter, cation exchange capacity, and electrical conductivity) of soil were determined by routine
laboratory methods In this study, bean plant responses were investigated by application of two levels of iron (0
and 10 mg kg™) in soil as iron sulfate in the greenhouse experiment. All of soil samples received nitrogen,
potassium, phosphorus, manganese, copper and zinc as; (150, 100, 25, 5, 5, 5) mg kg™ as solution in each pot
respectively. The greenhouse study was conducted in a factorial experiment with three replications as complete
randomized design. Six bean seeds were planted in pots. After the second week three plants of these six seeds
were kept.

Soil moisture was maintained at field capacity. At the end of vegetative phase, the shoot bean and iron
concentrations were determined in plant samples. At the end of the vegetation period, the shoot parts of plants
cut, and plant responses including; (dry matter weight, Fe concentration, total Fe uptake and relative yield)
(DMcontrot/DMEe ferilizer100) were determined.

Results and Discussion: The results showed that available iron content in the soil varied from 1.5 to 20 mg
kg™ of soil with a mean value of 7.75 mg kg™. The bean plant responded to Fe application and their relatlonshlps
with physical and chemical properties of soils, which were investigated were effected too. Analysis of variance
showed that the effects of soil and Fe fertilizer application were separately significant at 1% level for (weight dry
matter, Fe concentration and Fe uptake). The effects of the (soil and fertilizer) interaction were significant at 1%
level for the Fe concentration and Fe uptake The mean comparison test of plant responses was significant as
affected by Fe fertlllzer consumption. By using Cate-Nelson graphic method, the critical level of iron in soils
was five mg kg™. Amounts of percent relative frequency indicated that eight percent of the 50|Is were less than
five mg kg~ Fe, 63% of soils between 5 to 10 mg kg™, 16% of soil between 10 to 15 mg kg™ and 13% of soil
above 15 mg kg™ Fe. Plant Fe concentration in the control treatment (without Fe application) was 439.4 (mg kg’
1), but at the Fe treatment (10mg kg™) increased to (534.4mg kg™).

The Fe uptake significantly increased from 1.54 to 2.16 mg Fe pot™* with the application of 10 mg-Fe kg™
The Fe uptake differences between treatments was due to increase of dry matter weight, and the plant Fe
concentration, and this was due to the fertilizer application. Relative yield and dry matter weight showed positive
and significant correlation with (clay, CEC and Fe available), but sand revealed negative correlation with the
plant's response. The Fe uptake showed positive and significant correlation with Fe available but negative and
significant correlation with the sand. The regression equation showed that Fe uptake to be related with CEC

1 and 2 - Members of Scientific Board of Soil and Water Department, Markazi Agricultural and Resources Research
and Training Center, AREEO, Arak, Iran

(*- Corresponding Author Email: khodshenasm@gmail.com)

3- Instructor, Soil and Water Department, Markazi Agricultural and Resources Research and Training Center, AREEO,
Mashhd, Iran
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significantly.

Conclusion: By using Cate-Nelson graphic method, the critical level of iron in soils was five mg kg™. The
plant parameters were predictable significantly by soil properties such as (clay, sand, silt, soil organic carbon and
Fe concentration).

Keywords: Available Fe, Bean, Soil Test
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EC ocC K P Fe Zn Mn  Cu
Soil sample Soil texture pH 1 W] dud oyl JELN
et - el s o2 L9y e
S g0 SG il g Al Sens
(ds/m) (%) (mglkg)
ohisy b SL 7.56 0.29 0.16 198.07 3 131 1.72 1.78 0.90
Khalat pushan
Oy SCL 7.50 0.36 0.41 432 3 8.05 1.80 7.74 231
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Is:)Iaie Insoluble inorganic phosphate Auxin production Siderophore production on CAS-Agar (halo
solubility (mg/L) (mg/L) diameter/colony diameter)
S6-6 367.25 5.16 1.7
S10-3 343.65 5.63 1.8
S14-3 347.93 14.81 2.1
S19-1 343.51 3.06 1.8
S21-1 338.93 15.01 1.9
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Table 2- Sum of square of chlorophyll index, dry weight, uptake of K and P in tissue of plant in sandy loam soil.
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** Significant at the 1% level, * significant at the 5% level, " non-significant
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Table 3- Sum of square of chlorophyll index, dry weight, uptake of K and P in tissue of plant in sandy clay loam soil.
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Figure 1- Effect of bacteria on chlorophyll index in sandy loam soil (a) and sandy clay loam soil (b)
Numbers followed by the same letter are not significantly different (P<0.05)
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Figure 2- Effect of bacteria on dry weight tomato in sandy loam soil(a) and sandy clay loam (b)
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 3- Effect of bacteria on K uptake tomato in sandy loam soil (a) and clay sandy loam soil (b)
Numbers followed by the same letter are not significantly different (P<0.05)
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Figure 4- Effect of bacteria on P uptake tomato in sandy loam soil (a) and clay sandy loam soil (b)
Numbers followed by the same letter are not significantly different (P<0.05)
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Introduction: Potassium is a major and essential plant macronutrient and the most abundant absorbed cation
in higher plants. Potassium (K) plays an important role in the growth, metabolism, and development of plants.

There are three forms of potassium found in the soil viz., soil minerals, nonexchangeable and available form. Soil
minerals make up more than 90 to 98 percent of soil potassium. It is tightly bound and most of it is unavailable
for plant uptake. Plants can uptake potassium only from the soil solution. Many indigenous soil microorganisms
have the potential to absorb and mobilize the fixed form of nutrients from trace mineral sources. The use of plant
growth promoting rhizobacteria including potassium-solubilizing bacteria as a biofertilizer could work as a
sustainable solution to improve plant nutrient uptake and production. In this study the effect of five isolates of
Pseudomonas were assessed on the growth and K uptake of tomato in two different soils with less than 200
mg/kg and more than 400 mg/kg available potassium.

Materials and Methods In this study, two different soil, Khalat pushan (K <200 mg/kg) and Kandovan (K
>400 mg/kg) were used. All the isolates including S6-6, S10-3, S14-3, S19-1 and S21-1 used in this study
belonged to Pseudomonas genus and their potential were examined as a potassium releasing bacteria (KRB).
Bacterial isolates were cultured in NB medium and were used in pot experiments. Experiment was conducted in
a completely randomized design with three replications in two different soils by application of five bacterial
isolates and the control without inoculum. Tomato seeds were inoculated with bacterial isolates in non-sterile
soil and in the presence of indigenous soil microflora and the experiment continued until the beginning of the
reproductive phase. The rate of inoculation was 10 ml of bacteria per pot. Growth and nutritional parameters
such as dry weight of shoot and root, chlorophyll index, content of K and P in plant tissue were measured. Data
analysis was performed by SPSS software, and the means were compared at 0=5% by Duncan test.

Results and Discussion: The results of statistical analysis in the soil with less than 200 mg/kg available
potassium (Khalatpoushan) showed the significant effect of bacterial inoculation on chlorophyll index, shoot and
root dry weight and potassium and phosphorus content in shoot and root in bacterial treatments compared to the
control. The highest amount of chlorophyll index, shoot dry weight and shoot absorption of potassium and
phosphorus was accounted for S21-1. The highest amount of root dry weight and root absorption of potassium
and phosphorus was accounted for S14-3.The results of second experiment in soil with more than 400 mg/kg
available potassium (soil collected from Kandovan) showed that the measured properties were not affected by
bacterial treatments. The highest amount of chlorophyll index was achieved by S14-3. The highest uptake of
shoot potassium and phosphorus were recorded in plants which were inoculated by S14-3 and S21-1; however,
the differences were not significant. While in this study we did not measure released K by bacteria in in-vitro
condition but in the previous studies, their ability in K releasing from mica minerals such as muscovite and
biotite had been measured and reported. Production of organic acid is one mechanism which proposed to explain
potassium releasing ability of potassium releasing bacteria. It seems that this mechanism has the role in P
solubilization, K releasing and solubilizing other nutients by plant growth promoting rhizobacteria (PGPR).

Conclusions: These results suggested that plant growth stimulating efficiency of bacterial inoculants affected
by soil nutritional condition. The bacterial inoculation had a much better stimulatory effect on plant growth in
soils with low available potassium. In this experiment, two isolates, S21-1 and S14-3 were better than the other
isolates. Study in this area should be done especially in isolation and identification of potassium releasing
bacteria from different soil samples. In the next step, these isolates should be tested in different soils under
different climate conditions of the country, to choose robust and efficient isolate and intorduce them as KSB

1, 2 and 3- Former M.Sc Student and Associate Professor of Soil Biology and Biotechnology and Professor of Soil
Cehmistry, Deptartment of Soil Science, Faculty of Agriculture, University of Tabriz, Iran
(*-Corresponding Author Email: rsarikhani@yahoo.com)
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biofertilizer in counntry. It was the first report in Iran to test Pseudomonas isolates as KSB, while in the previous
studies other genera especially bacteria belonged to Bacillus was reported in Iran.

Keywords: Potassium, Potassium releasing bacteria, Pseudomonas spp., Tomato
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Table 1- The statistical properties of measured variables

Ao S dpde oflke 3l Bl ey Nz
Variable Minimum Maximum Average Standard deviation Coeficient of variation Skewnes
EC 0.5 71.00 12.40 23.85 192 1.75
SP 26.00 65.15 42.10 10.45 21.9 0.079
T.N.V 35.00 78.0 54.00 11.80 25 0.68
pH 7.60 8.60 8.10 0.20 2.9 -0.22
ocC 0.20 40.20 4.60 11.30 247 2.5
GP 1.70 21.00 6.3 5.80 91 1.5
Caly 22.00 67.0 43.40 13.80 31.7 -0.05
Silt 18.00 59.0 37.70 9.60 25.5 0.345
Sand 5.00 51.00 19.00 11.60 61 1.19
BD 0.50 1.60 1.30 0.30 21.9 -1.82
MWD 2.29 16.47 9.51 3.22 33.8 -0.576
GMD 1.08 2.87 2.01 0.40 19.9 -0.751
AR 0.02 0.15 0.05 0.03 65 2.13
DnR 2.29 4.01 2.71 0.42 15.5 2
DT 2.29 2.79 2.49 0.13 5.5 0.747
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Figure 2- Soil texture distribution of different samplesin study area
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Table 2- Average comparison of aggregates size distribution indices and fractal dimension of different orders
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Malisol Jgu Jlo 10.415° 2.180% 2.639 2.398"
Aridisol Jgw o)l 9/024° 1.897° 2.733 2.548"
Vertisol Jsw s)s 10.905 2.225% 2.418° 2.400"
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Figure 3- Relationship between fractal dimension of Riue and Sposito and Taylor and Wheatcr aft modelswith mean weight
diameter and geometric mean diameter of aggregates
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Table 3- Simple correlation coefficient between measured variables and fractal dimension
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Table 4-Aver age comparison of accuracy evaluation criteria of fractal models
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Introduction: Fractal geometry concepts have been widely applied as a useful tool to describe complex
natural phenomena, in particular,for a better understanding of soil physical systems. However, limited
information is available on the fractal characteristics of soil properties or soil aggregation. A soil aggregate is
made of closely packed sand, silt, clayand organic particles building upsoil structure. Soil aggregation is a soil
quality index integrating the chemical, physical, andbiological processes involved in the genesis of soil structure.
Soil structure and its stability are important issuesfor many agronomic and environmental processes. Thus,
quantitative description of soil structure is very important. Soil forming factors in different soils (various orders)
and forms affect the soil structureformation. Characterizing aggregate size distribution for different soil orders
using fractal theory is necessary for evaluating the impact of soil forming factors on soil structure and
quantifying the relationship between fractal dimension and other important soil properties. Therefore, the aims of
this research were quantifying the structure of different soil orders using fractal geometry, mean weight diameter
of aggregates (MWD)and geometric mean diameter of aggregates (GMD). In addition, MWD and GMD indices
and fractal parameters of soil aggregate size distribution were compared toevaluate soil structure and
determinethe relationship between fractal parameters with MWD, GMDand other soil properties.

Materials and Methods: Fractal models which simulate soil structure are also used to better understand soil
behaviors. Aggregate size distribution is determined by sieving a fixed amount of soil mass under mechanical
stress and is commonly synthesized by the MWD, GMDand fractal dimensions such as the fragmentation fractal
dimensions. Therefore, aggregate size distribution and its stability variation were evaluated using some fractal
models and MWD and GMD (empirically indices).In the current study, the original data were obtained from

analysis of diagnostic horizons of seven important soil orderslocated in Fars Province in the Southern Iran. Soil
samples were collected from diagnostic horizons of seven soil orders includingEntisols, Vertisols, Aridisols,
Mollisols, Alfisols, Histosols and Inceptisols. The measured physico-chemical properties of soil were aggregate
size distribution, soil particle size percentage (sand, silt, and clay), saturation percentage (SP), organic carbon
(OC), pH, calcium carbonate equivalent (TNV), gypsum content, soil electrical conductivity (EC) and soil bulk
density (BD). The MWD and GMD indices, the fractal dimensions and fractal parameters of aggregates were
then calculated. Relationships between soil properties with MWD, GMD and the fractal dimension were also
determined.

Results and Discussion: The results showed that there was a significant correlation between fractal
dimension of Riue and Sposito and Taylor and Wheatcraft models and soil aggregate stability indices (MWD
and GMD indices of aggregates) with the other soil characteristics. This correlation between fractal parameters
with organic matter, bulk density, clay and sand percentage was stronger than other soil properties. There was a
significant and negative correlation (p< 0.01) between fractal dimension of Riue and Sposito and Taylor and
Wheatcraft models with mean weight diameter of aggregates and geometric mean diameter of aggregates.
Inverse correlation between fractal dimension and aggregate stability indices illustrateed thatlower fractal
dimensionswere calculated for the soils with more stable aggregates which have the highest mean weight
diameter of aggregates and geometric mean diameter of aggregates. Subsequently, the fractal dimension of
aggregates could reflect the aggregate stability factors. The values of coefficient of determination (R*) and mean
error (ME), root mean square error (RMSE), residual some of squares (RSS), mean square of non-fitted (Sr”) and
Akaike (AIC) statistical criteria indicated that Taylor and Wheatcraft model had the better performance.

Although largerfractal dimensions were estimated by Riue and Sposito modelwhich can be explained by the
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great model sensitivity, this model overall performed well.

Conclusion: The results indicated that fractal theory can be used to characterize soil structure at different soil
orders and fractal dimensions of soil aggregate seems to be more effective in this regard, except forHistosols.
Fractal dimension can be estimated using some easily available soil properties. Fractal theory can be applied to
characterize and quantify soil structure in different soil orders of Fars Province.

Keywords: Aggregates size distribution, Aggregates stability, Fractal models, Soil orders, Soil structure
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Table 1- Physico-chemical properties of soil used in this research

| o CeliS (IR S cdb wels Sy Js 5 Jals (£33
) - (et g5 Jold s
&< S, Ser ] S6 Jokeo @ S o
. Calcium
pH EC(Sm?Y)  OC(%) SO|IC‘:':SxSture Carbonate ;I;;J;all(;lt; (Cmo(I:IEgC'l soil)
Equilibrium(%)
7.2 1.0 0.18 Loamy 14 3 11.9
Uig5y ol 3 03kl 390 (591 395 (SS9 Y Jgua
Table 2- Cow manure characteristic used in this research
< Aoy R (| LTIV
gl S cole culls - J5 039k C S pweds o S5 s,
s o3 lsw!
pH EC (1:5) oC Total N AvailableP  Total Cd Total Pb  Total Zn
(ds m) (%) (%) (mgkg")  (mgkg") (mgkg’) (mgkg™)
7.8 14.2 24 15 130 1 2 11
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Table 3-Converter sludge composition of Isfahan Steel Meel

oS 1t s Slade
Element amount (mgkg®) Element amount (mgkg™)

Fe,Os 57.2 MnO 3

FeO 27.1 Zn0O 0.1

Cao 9 V,05 0.7

SiO, 1.1 S 0.1

MgO 0.3 Na,O 0.2
Al,O4 0.4 K,0 0.7

P,0s 0.1

oS 5 S p3 0 pur CHLE 9 S (aleond (S S29 32 0w 9399595 (029 (5915 365 51 il gl 4525 —€ Jgoa
Table 4- Analysis of variance effect of cow manure, converter sludge and Pb on soil chemical properties and soil and plant Pb

concentration.

Slayyo (ke
mean of squares
o . a> ) Bo
Sources of ;! ' oS o S0, lac , _
variations df &< S Sl Jsls DTPAL als ol§
pH h ’ : Root Pb Shoot Pb
ocC CEC g )
DTPA concentration concentration
extractable Pb
sk 2 0.005™ 0.003" 0.003* 1.001™ 16.030™ 1.1405™
Block
ek 2 2.523** 3.663**  82.011** 1977.710" 6180.076" 410.066™
Cow manure
2905 o) 1 0.008™  0.006" 0.018™ 656.427" 1508.835" 153.416"
Converter sludge
‘;’; 3 0.002™  0.001" 0.001™ 28050.442" 108954.864" 1722.522"
35395 52 X5 395 n . n
Cow manurex 2 0.007™ 0.007™ 0.012"™ 7.275 10.400 0.159
converter sludge
35255 6 0.008™  0.004"™ 0.002" 233.455" 1187.408" 50.166"
Pbxcow manure
P99 I G peo N N N
Pbx converter 3 0.003™  0.002" 0.005™ 90.892 253.018 17.298
sludge
295X, 55 )95 (PIX o pao
i 6 0.010™  0.001" 0.002" 1.615" 54.526™ 1.240
Pbx converter : : : : : :
sludge x cow
manure
k> 46 0.119 0.039 0.042 0.411 1.087 0.418
Error
2oy Y 90 Jlain! o 13 5 ize oyl3 drepé i 4 FF 4 * NS

ns, *, ** non-significant, significant at 5 and 1 percent probability level, respectively.
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Figure 1- Simple effect of applying cow manure on soil pH (A) and CEC (B), Co, Cy5 and Cy, are applying 0, 15 and 30 t ha™

cow manure
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Table 5- Effect of cow manure, converter sludge and Pb on DTPA-extractable Pb (mg kg™)

low
Tre)atr“nent SOF)bO SOPbZOO SOPbSOO S0Pb400 SSPbO SSPbZOO S5Pb300 S5pb400
Co ND~ 440k 750" 1120° ND  37.8" 64.1% 101.2°
Cis ND 311" 631" 964° ND 253° 527 87.3°
Ca ND 21.3° 51.6! 81.2° ND 17.2° 42.3' 75.3"

P;L;L.o ¥eoo 9\“' LA R ).,{JL&A J).g)lf J.oL.u [T Pb4005 be300 ‘szoo ‘Pbo ‘d?lf 395 )LIS.D: PRI A 9 AR )g.b\.a.o .\).g)lf J.oL...v Cud C30 9 C15 ‘CO
395 (ol O 0l8iwd alusg 4 (655 031] B ND™ i)l 1oy O grdaws 13 LSD (yg0f] olol py (gl (sime M5! (glel jlas j) szl o
Co, Ci5 and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™

! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge. *Means followed by the same letter in each column or row are
not significantly different (p=0.05, LSD), **ND: Not detectable by atomic absorption spectroscopy.
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Table 6- Effect of cow manure, converter sludge and Pb on DTPA-extractable Fe (mg kg?)

Low
Tre)at;nent SoPbg  SoPbay  SoPbsgs  SoPbagy  SsPby  SsPbagy  SsPbsgg  SsPbago
Co 5.07 1.7 0.6° 0.2° 85.1° 784 70.0" 58.1'
Cis 212" 173" 13.0° 82> 982° 888  761°  69.4"
Cao 3720 28.2¢ 212 16.1" 1156* 105.6°  88.5 76.6°

Foo gVeo Yoo o palio 3p)l8 Jols cs 5 & Pb400y PH300 PH200 PO ((c5l5 565 kS j3 (5 ¥ 9 V0 o polio 3,5, Jolis s 5 4 Cgg 9 C15 Co
g b s b gt yo )3 & oolis] * il o 1900958 09 S5 31 A ol g 40y D g+ uollis 35 S5 9 SO S p S5 3 e 5 o
L) 2o )3 O pdaws )3 LSD (yg0jl ool p gyl (sime M3 (g)lel L5 5l uisl o gjle] alite
Co, Cis and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg’

! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge. *Means followed by the same letter in each column or row are
not significantly different (p=0.05, LSD)



AREAS u)éawb»yuﬂwwog@bwlffu,wsusﬂ ,...&M J;Jﬂ

P oo Ve Lo jleg SLS C)T S g (CoSon4oo)
SS9 )3 oy p)F o Voo odgll 5 gol5 058 1S
odnlie dlio guls (Y Jado) A sdalin (CgoS5Pb200) Lol
it e STEDTPA dlosy & 45 lne 5 5] ltdo > 005

Ll led] )

QJ.BOJM@\Q@%J?J&&M
295 3 pylS piiSen iy 3l (99 ) (e I (S ¥ g
oS ) 3 oy Sl g SIS 5595098 2 (gl
.))%)l_{ J_8l8 LSB).) u):) AAMJ‘) )J & clale t:)?.w":'“’ .A‘\A’,le‘f
S pS5S )3 0w ppS (oo ¥ an 039l g (ol 258

@50 Ay Qg CBIE g 9 598595 020 (S91 395 32,8 1 -Vgs>
Table 7. Effect of cow manure, converter sludge and Pb on corn root Pb concentration (mg kg™)
Lowd
J

Treat;nent SOl':)bO SOl:)bZOO S0Pb300 S0Pb400 SSPbO SSPbZOO SSPb3OO S5Pb400
Co ND" 92.4' 141.3° 226.0° ND™ 87.6™ 122.4" 217.4°
Cis ND 81.3" 117.1° 195.1° ND 74.7° 109.7! 174.3¢
Cao ND 74.5° 101.4% 162.3° ND 65.3¢ 77.3° 151.4f
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ol o olS53 Ay 2 (5 031l B ND a2l o 199,558 00 S5 5l palls 50l (39 0059 D g+ pollis 30,85 S5 So S pSokS > oy 25 oo
YW
Co, Ci5 and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™
! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge.*ND: Not detectable by atomic absorption spectroscopy.
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Table 8- Effect of cow manure, converter sludge and Pb on corn root Fe concentration (mg kg™?)

Slosd

i SoPbg  SePbyge  SoPbsgg  SoPbagy  SsPby  SsPbagg  SsPbsge  SsPbago
Treatment

Co 107.2" 385" 12.0% 8.1" 521.00 451.0' 3955 321.1

Cis 219.0° 186.1" 1725° 131.2'  927.3° 7211F 67519 601.3"

Cao 316.1™ 271.2" 231.2° 198.09 1054.8° 932.2° 846.4% 791.3°
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Co, Cis and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™

! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge.*Means followed by the same letter in each column or row are
not significantly different (p=0.05, LSD)
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Table 9- Effect of cow manure, converter sludge and Pb on corn shoot Pb concentration (mg kg™)

)L"‘..*’ S'OF’bO S'OPbZOO SOPbBOO SOPbAOO SSPbO SSPbZOO Sspbaoo SPb4OO
Treatment

Co ND™ 13.3h 21.4d 32.0a ND™ 11.2i 17.3f 27.3b

Cis ND 10.4i 15.4g 25.4¢c ND 6.5] 11.2i 21.2d

Cao ND 5.2k 10.5i 18.4e ND 0.3l 7.4 14.6g
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Co, Cys and Cy, are applying 0, 15 and 30 t ha™® cow manure, Pbo,Pb200, Pb300 and Pb400 are applying 0, 200, 300 and 400 mg Pb

kg™ soil, Sp and S5 are applying 0 and 5%pure Fe from converter sludge. **Means followed by the same letter in each column or row
are not significantly different (p=0.05, LSD), *ND: Not detectable by atomic absorption spectroscopy
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Table 10- Effect of cow manure, converter sludge and Pb on corn shoot Fe concentration (mg kg™)

Lo

Tre)elt;nent SOl:)bO SOl:)bZOO S0Pb300 S0Pb400 SSPbO SSPbZOO SSPb3OO SSPb4OO
Co 7.2r%* 4.8° ND” ND 33.3" 19.1° 11.2¢ 6.7"
Css 58.2i 46.5 37.4' 31.2° 127.4° 98.2" 43.4 36.5™
Cao 70.19 59.1" 46.2) 37.4' 166.9° 148.1° 136.2° 128.2¢
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Co, Cy15 and Cy are applying 0,15 and 30 t ha™* cow manure, Pby,Pb200, Ph300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™
! s0il, So and S5 are applying 0 and 5%pure Fe from converter sludge. **Means followed by the same letter in each column or row

are not significantly different (p=0.05, LSD), *ND: Not detectable by atomic absorption spectroscopy
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Introduction: Lead (Pb) is of great concern in environment because of its toxicity to animals and humans.
Lead is a cumulative toxin and known carcinogen. Although, plants do not require Pb for growth, the
bioaccumulation index of Pb in plants exceeds that of most other trace elements. It is therefore important to
control Pb concentration in plants, especially in the edible parts of crops to ensure food safety. There are many
factors that control Pb accumulation and availability to plants in agricultural soils such as Pb source, Pb loading
rate, soil pH, soil cation change capacity (CEC), chloride concentration in soil solution and soil organic matter
content. These are important factors that should be considered for evaluating Pb phyto-availability. In addition,
element interactions can also affect the elements uptake. Thus, this study was performed to investigate the effect
of converter sludge-enriched cow manure on the changes in corn Pb uptake in a Pb-polluted soil under
greenhouse condition.

Materials and Methods: This pot experiment was conducted under greenhouse condition around the city of
Arak, using a Fine loamy, mixed and thermic, Typic Haplargids soil. A factorial experiment with a
randomized complete block design with 24 treatments in three replications was carried out. The treatments
consisted of applying enriched cow manure (0, 15 and 30 t ha™) with 0% and 5% pure Fe from converter. To
investigate the effect of converter sludge-enriched cow manure on the changes in corn Pb uptake, a non-saline
soil with low carbon percentage was selected. The soil was polluted with Pb from Pb(NQs), source at the
concentrations of 0, 200, 300 and 400 mg Pb kg™ soil and incubated for one month. Cow manure was produced
in a local farm and aged for two years before the experiment. The cow manure was enriched with converter
sludge and incubated for three months in room temperature. Then, the enriched cow manure was added to the Pb
polluted soil and corn (Zea mays L. single grass 704) seeds were sown. After 60 days from the experiment, soil
physio-chemical properties and soil and plant Pb concentration were measured.

Results and Discussion: The greatest and least DTPA-extractable-Pb were determined in the polluted soil (400
mg Pb) without applying cow manure and the polluted soil (200 mg Pb) treated with 30 t ha™ enriched cow
manure, respectively. The DTPA-extractable-Pb in uncontaminated soils was not detectable by atomic
absorption spectroscopy (AAS). Increasing the amount of cow manure caused a significant reduction in DTPA-
extractable-Pb as applying 15 and 30 t ha™ cow manure in a polluted soil (300 mg Pb) resulted in a significant
decrease in DTPA-extractable-Pb by 11.9 and 23.4 units, respectively. This can be accounted for by the role of
organic and inorganic fractions of cow manure in decreasing soil Pb availability. Interactions between Fe and Pb
appear to influence the soil Pb availability as application of 15 and 30 t ha™ converter sludge-enriched cow
manure in 300 mg Pb-polluted soil caused a significant decline in soil Pb availability by 10.4 and 9.3 units,
respectively. The highest and least root Pb concentration were observed in the polluted soil (400 mg Pb) without
applying cow manure and the polluted soil (200 mg Pb) treated with 30 t ha™ enriched cow manure, respectively.
The corn root Pb concentration in unpolluted soils was not detectable by AAS. Applying 5% (W/W) pure Fe
from converter sludge in the polluted soil (300 and 400 mg Pb) which were not manured significantly decreased
the root Pb concentration by 19 and 9 units, respectively which is explainable by the interaction existing between
Pb and Fe in soil. Furthermore, root Pb concentration was affected by converter sludge enriched-cow manure as
applying 15 and 30 t ha™ converter sludge cow manure in a polluted soil (400 mg Pb) significantly decreased the
root Pb concentration by 20.8 and 10.9 units, respectively. However, the role of cow manure in increasing pH
and decreasing root Pb concentration cannot be ignored. The greatest and least shoot Pb concentration was
obtained for the polluted soil (400 mg Pb) without applying cow manure and the polluted soil (200 mg Pb)
treated with 30 t ha™ enriched cow manure, respectively. The corn shoot Pb concentration in unpolluted soils
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Arak, Iran
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was not detectable by atomic absorption spectroscopy (AAS). Interaction effects were also observed for shoot Pb
concentration as using 5% (W/W) pure Fe from converter sludge in the polluted soil (300 and 400 mg Pb) which
were not treated by cow manure significantly decreased the shoot Pb concentration by 4.1 and 4.7 units,
respectively.

Conclusion: The results of this study showed that interactions between Pb and Fe seem to play an important
role in reducing root and shoot Pb concentration. On the other hand, applying cow manure can increase the soil
sorption properties such as CEC and decrease the soil Pb availability and plant Pb uptake which is explainable
by the fact that the organic and inorganic fractions of manure impact the Pb availability. However, the influences
of soil physico-chemical properties such as pH upon soil Pb availability should be taken into account.

Keywords: Converter sludge, Cow manure, Enrichment, Heavy metal, Pollution
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Figure 1- Geographical locations of study area and sampling river basins
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Table 1- Different bioavailable phosphorus extraction methods

, . O3 IS e a5 O Comnd oMl
o,las W _ Ll .
S50 el b 250 bas o3l o . &
Extraction A g e &yl
method Shakingtime Extraction reagent Sediment/water Abbreviation Reference
minute ratio
5 0.7 M NaC,H,0,+0.54 M Morgan
obose 2207 . g [¢]
Morgan 30 CH3COOH, pH 4.8 110 Morgan-P 1041
ol . Olsenetal
Olsen 30 0.5 M NaHCO;, pH 8.5 1:20 Olsen-P 1954
2y ) Bray and
Bray Il 5 0.4 M NH,F+0.5 M HCI 1:10 Bray II-P Kurtz 1954
Jst8 : i Cowell
Cowell 960 0.5 M NaHCO;, pH 8.5 1:50 Cowell-P 1963
- pawigal Ol o 1M NHLHCO- + 0.005 M Soltanpour
& 5 15 Df;'PA SH 76 1:20 AB-DTPA-P and Schwab
AB-DTPA ’ 1077
0.2 M CH;CCOH +0.0015
Mehlich 3 zlee NH4F +0.25 M NH4NO3 . . Mehlich
" 5 +0.013 HNO; + 0.0001 M 110 Mehlich I1l-P 1984
EDTA
PERWIRWK SPRW Sharpley

NaOM 1020 0.1 M NaOH 1:100 NaOH-P 1991
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Table 2- The chemical composition of Senedesmusobliguusculture medium

A s
Solution B
NH4NO3
KH,PO,

Solution A
H3:BO;
ZnS0,.7H,0
CuS04.5H,0
MnSO,.7H,0
Co(NO,),.6H,0
(NH;)§M07054.4H,0
CaCl,.6H,0
CeHgO7.7H,0
FeCgHs0;,

gL*
25

715
55
19

635
15

4
1075
1325
1325
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Table 3- Statistical description of some physical and chemical properties of western river sediments of the Urmia Lake

s Jué Saf Sl e o .
N EC pH z . . Carbonate ) oy oW s
) Organic  Active calcium calcium . Clay Sand Silt
Statistics matter equivalence equivalence Vesg’n‘:j'ne
dsm* - (%)
_J?Lb 0.2 7.3 0.56 0.54 2.5 0.23 6.5 2.6 133
Minimum
;S.L\} 1.2 8 5.6 39 24.8 22.3 479 80.2 64.2
Maximum
e 0.4 7.6 1.8 2.2 15.9 10.7 19.2 40.4 404
Average
Jhme By
Standard 0.3 0.18 1.1 0.87 6 55 9.9 23.2 15.5
Deviation

Oligury SS9 5 o 2 Sla(yjg ol yo 4y ol Lradl gogare joxindy i anislo b adlgel Lasuln -4 Jgaa
Table 4- Results of the principal component analysis with the loadings of sediment properties

variable i Jg! adlge 9> adlgo Pgw dilgo

PC1 PC2 PC3
Calcium carbonate .S by S -0.04 0.4 -0.64
Organic matter Ji slgo 0.24 -0.35 -0.22

PH as! -0.16 0.47 0.18
EC .S, colin 0.24 -0.39 -0.23
Active calcium carbonate Jlé Sal 0.35 0.29 -0.24
Clay v, 0.38 0.24 0.25
Silt e 0.41 0.1 -0.22

Sand (ys -0.44 -0.17 0.04

Very fine sand 3, L3 o -0.35 -0.16 -0.5
Olsen-P (gl yaud 0.29 -0.33 0.13
Eigenvalues o35 yslis 4.5 2.9 0.95

% of variance .b,ly o) 44.8 29.3 9.5
cumulative % of variance .b,ls x5 Lo, 44.8 74.1 83.6

Jlome do I a8 Cguy (Sladigad )3 Hid plie (3:Sile (sl
sloasse Jl (Sp o Jb ol bog S pelS 5 25 e 20
Jlome a5l e phud Jlde sCawd ml Sligw) oy 4 g
i o ;3 gl o £y 4y (A8 5 21) 5 udgl 2,
Lagsbyy ol el cilisen slasby) lawgs odd (S0 las
o 2 (0 Jgaz) woob ol Rasi L g dlae (Sian
b 2 (s gy 4y 01b gl Sl yiud il (gla by,
o2 4 sywSo)luas slaghyy plo b (Sten jlide (5 yieS
2 sy g omedsl B9y O g (Staned il D51 sl g
ST a0l 4y (dasmie S ingh &S s 2 el LB
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Morgan > AB-DTPA > Bray Il
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Table 5- Statistical description of phosphorus concentration extracted by different methods

Mehlich AB-

NaOH

Statistics o )L Olsen Cowell n Morgan  Bray Il DTPA 01M " Total
Minimum Jslis 0.48 1.4 1.9 0.28 >0.01 0.16 0.2 264
Maximum S 39.1 88.4 53.4 19.8 11.6 23.4 20.9 658
Average ;Lo 7.6 21.7 8.7 3.4 0.9 3.1 85 423
Standard deviation lxe Gl,>c! 8.2 21.3 9.9 4.1 2.3 4.3 55 92.2
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Figure 3- Relationship of Olsen-P with Cowell-P and Mehlichl 11-P

Olsen-P (mgkg?)

(N=34) (g p50,las @itk sla Wigy bl 0uwd 1 p56mw] phand Cpat (Smnod il s =6 Jgun
Table 6- Correlation between extracted P by different sediment extraction methods (n=34)

AB-DTPA Olsen Cowell Melichlll Brayll Morgan NaOHO0.1M Total
AB-DTPA 1
Olsen 0.67** 1
Cowell 0.58** 0.87** 1
Melich HI 0.64** 0.93**  0.81** 1
Bray Il 0.05 0.03 -0.05 -0.03 1
Morgan 0.50** 0.80**  0.78** 0.81** -0.06 1
NaOH 0.1 M 0.18 0.57**  0.65** 0.51** 0.12 0.36* 1
Total 0.48** 0.67** 0.76** 0.69** -0.07 0.65** 0.54** 1
p <0/05 5P <0/01 Jloin! o )3 (g)ld dme odind i sy 4 * X
**and * Significant at 0.01 and 0.05 probability levels, respectively
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Figure 4- Cluster analysis on sediment along with selection approach
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Introduction: Phosphorus (P) is an essential nutrient for all life forms. In aquatic environments, P is a
double-edged sword. In some areas, habitat biodiversity is strongly limited by low P bioavailability, while in
others, P inputs in excess of plant needs have led to pollution of water bodies and eutrophication. There is little
information available on P status in river sediments by single chemical extraction and its correlation with algae
growth in Iran. This study was performed to select proper single chemical extraction methods by algal bioassay.
The quantity of P estimated by different extractions methods depends on sediment characteristics such as
calcium carbonate, pH, clay and organic matter contents. Therefore, this study was conducted in western rivers
of the Lake Urmia to get an insight into P status in sediments by using single chemical and biological P assay.

Materials and Methods: The lakeUrmia basin has the second largest water resources in Iran with
Mediterranean climate. Italso has the largest hypersaline lake in the world. There is a significant phytoplankton
growth and also some dense algal blooms occurring during years with low salinity in wetlands and lagoons.
Thirty four river sediment samples from seven main rivers of the Lake Urmia basin were collected from depth of
0-10 cm to evaluate algae (SenedesmusObliquus) P bioavalability by single chemical extraction. Selection of
extractantis based on different mechanism of extraction. Cluster analysis was conducted on 17 sediment samples
selected for algal bioassay.Pearson simple correlation and multivariate analysis were also performed.

Results and Discussion:Average total P concentrations of the sediments were343-654, 456 mg kg™. Sodium
bicarbonate 0.5 Mextractable P (Olsen-P) varied from 0.48 to 8.42 mg kg™. Sediments from upper reach had
considerably higher total and bioavailable P concentration in comparison with lower reach sediment. The low
reach sediments of two rivers had higher Olsen extractable P than the threshold value of 20 mg kg indicating
possible release which poses a threat to aquatic environment.Upper reach sediments had higher restoration
potential, but algal bloom was observed in low reach part of rivers, particularly Simineh and Mahabad Chai.
Land use changes, discharge of sewage from rural and urban section, industrial activity and cycling of river
borne P are the main reasons for algal bloom in wetlands and lagoons around the lake.Principal component
analysis (PCA) performed on the data identified three PC which explained 83.3% of total variation and silt and
sand had higher loading values. Active calcium carbonate equivalent (ACCE) was negatively correlated with
sand in the first PC. Different extractions were positively correlated with each other. The Mehlich Il and Olsen-
P extraction methods were significantly correlated and the predicted values were same. The average rank order
of P extraction by singleextractantswas Cowell >Mehlich 111 >NaOH 0.1 M > Olsen > Morgan > AB-DTPA >
Bray Il.Extractants had different long-term and short-term potential to extract algal available P. The Cowell
extractable P concentrations of sediments varied from 1.44 to 88.0 mg kg™ This extractant was correlated
significantly with algal growth and selected as the best P single extraction method among allextractants. The
high correlation between 0.1 M NaOH and algae growth indicates the sensitivity of P bioavailability to redox
conditions in river system. Algae (SenedesmusObliquus) was able to use P from different sediment components
because its growth was correlated with Cowell, Mehlich 111, NaOH 0.1M, Olsen and Morgan.

Conclusion: Legacy P (sediment P) evaluation by chemical extractants gives new insight into P
bioavailability in river sediments of the Urmia Lake. The results of this work showed that Cowell extractant
could be used to estimate algal available P in studied river sediments. Similarity between Olsen-P and Mehlich-P
in estimating bioavailable P suggests that Mehlich I1I-P can be substituted for Olsen-P in studied sediments.For
sustainable P management, monitoring P status by single chemical extraction methods is necessary. Phosphorous
fertilizer application around the Lake Urmia basin lands should be conducted based onthe P soil test to avoid any
aquatic pollution. Care must be taken in lower reach river sediments because of fragile ecosystems such as

1, 2, 3 and 4-Ph.D student of Soil Chemistry and Fertiliy, Professor, Assistant Professor and Associated Professor of
Soil Science, Urmia University
(*-Corresponding Author Email: h_arfania82@yahoo.com)
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wetlands and lagoons. Further investigations are also needed to evaluate legacy P bioavailability by temporal and
spatial variability.

Keywords: Bioavailability, Extraction, Algal Growth, suitable
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Table 1- The statistical properties of measured variablesin Pasargad plain

sy GoS ddy ofke T (S (Sais
Variable Unit M |rr1r|lmu Ma;:mu Avirag ug:/w Skes:ane Kurstos
hatal - 7.0 8.4 7.92 3.99 -0.67 -0.09
(pH)
U*"S‘"(I‘E‘é;‘” <l (dS/m) 0.51 174 0.929 29.14 121 1.30
o (%) 0.79 1.38 1.08 12.46 0.26 -0.55
(0C)
955 (mg COkg 396 91.2 58.8 203 0.7 0.09
(BR) soil.day)
(st950 055 0357 ()8 (mgCminkg g9 4736 245.7 42.56 0.20 -0.64
(MBC) soil)
ol w3l el mON-NHAkG) g6 45 264.1 1625 27.05 .03 025
o _5““”" w3l el (Mg PNP/g.hr)  123.09 383.1 230.9 25 0.6 -0.01
(Alkaline phosphatase)
0329 (il (mg
qC0) CO/gCmin.hr) 1.16 9.69 3.46 62.14 152 1.6
I 005 2 (295 05 0395 ()8 o - 0.46 478 231 44.73 0.36 -0.32
(MBC/OC)
S il Cudid jd o (gm0l (SB s sl o 03w (SKinnod o o =Y Joia
Table 2- Smple correlation coefficient between measured variablesin Pasargad plain
PH Ec2 oc(3 BR(4) MBC(5) Urease(6) Alkaline phosphatase (7) qCO,(8) MBC/OC (9
€3]
1 1
2 -06" 1
3 -029 013 1
4 -023 0003 035 1
5 033 -014 -006 -0.09 1
6 -007 007 037" o001 0.05 1
7 -014 -001 055" 025 0.11 042" 1
8 -023 0.1 018 036" -082" -0.09 -0.05 1
9 -039"° -001 -031" -017 0.96" -0.04 -0.02 -0.81" 1
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** and * areinsignificant and significant at 1 and 5 percent, repectively.
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Table 3- Modelsfitted on single semivariogram and summary of geostatistical data
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Factor M odel Coy! Co+C T4 Ao, Meter o R —
pH Exponential s 0.0307 0.3474 0.0883 6685 099  122¢10°
EC Gaossian .5 0.0663 0.2085 0.3179 7110 0738  1.14*10°
oc Spherical 555 0.0128 0.0258 0.5019 8109 0949  1.89*10°
BR Spherical (s, 01 140.9 0.0007 843 0.991 213
MBC Spherical s, 2660 10070 0.2424 971 0.999 7904
Urease  Spherical ()8 1 1991 0.0005 798 0.934 49804
p&ﬁ;‘aese Gaossian s 10 38.1 0.0026 436 0923  144*10°
4co, Spherical <55 0.0001 0.2962 0.00033 1105 0998  1.48+10°
MBC/OC  Spherical o5 0.001 1111 0.0009 1077 0.965 0.0167
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H i : 5
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ocC i ; i
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qtO> : ; .
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Kriging Koo, 0.026 0.675 0.338
MBC/OC i : 5
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Figure 2- Map spatial variability for Ph (a), EC (b), OC (c), microbial respiration (d), microbial biomass carbon (e), urease
enzyme (f), phosphatase enzyme (g), metabolic fraction or specialbreathing (h) and MBC/OC (i) in Pasargad plain.
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Introduction: Soil quality as an important part from soil resource sustainability, consistently isinfluenced by
human activities.Today, the presence of accurate information about variability of soil quality properties is
considered more than ever to apply this information in economic modeling, environmental predictions, accurate
farming and natural resources management. Soil quality is defined as. “capacity of the soil to function, within the
ecosystem and land-use boundaries, to sustain biological productivity, maintain environmental quality, and
promote plant and animal health”; therefore, it is one of the most important factors in developing sustainable
land management and sustaining the global biosphere. The definition of soil quality encompasses physical,
chemical and biological characteristics, and it is related to fertility and soil health. Many indicators can be used
to describe soil quality, but it isimportant to take into account sensitivity, required time, and related properties,
than can be explained. Properties related to organic matter content, such as microbial respiration, microbial
biomass carbon (MBC) and enzymatic activity (urease and phosphatases) can be used as soil quality indicators.
They provide early information about mineralization processes, nutrient availability and fertility, as well as
effects resulting from changesin land use or agricultural practices (e.g. tillage or application of different types of
organic matter). In this context, biological properties have been used as soil quality indicators, because of their
relationship with organic matter content, terrestrial arthropofauna, lichen, microbial community (biomass or
functional groups), metabolic products as ergosterol or glomalin and soil activities as microbial respiration and
enzyme production. This study was carried out for evaluation the spatial variability of biological soil quality
indicators in wheat farms of Pasargad plain.

Materials and Methods: After reviewing the initial map of Pasargad, a total of 60 samples were provided
using a systematic grid square sampling pattern with 500x500 m over the 1200 ha area of Pasargad at surface
soil depth (0-30 cm). The characteristics of soil including organic carbon, pH, EC, micraobial respiration,
microbial biomass carbon , soil alkaline phosphatase and urease enzymes activity, ratio of microbial biomass
carbon to organic carbon (MBC/OC) andmicrobial metabolic quotient(qCO,) were measured and calcul ated.
Results were analysed with SPSS, Excel, GS', and ArcGIS sotwares. Summary statistics were calculated for the
60 samples including mean, maximum and minimum, coefficient of variation (CV), kurtosis and skewness. In
addition, Pearson correlation coefficients were calculated for untransformed data. For evaluation of different
interpolation methods of soil characteristics in Pasargad plain root mean square error (RMSE), mean bias error
(MBE) and mean absolute error (MAE) were used. We also constructed maps of the spatial distributions for each
individual variable using best interpolators including kriging, inverse distance weighting (IDW) and cokriging
methods.

Results and Discussion; The results showed that in the most cases the studied properties had too much
variation. Based on the coefficient of variation, pHand qCO,had the lowest and highest variations, respectively.
There was significant linear correlation between most of soil properties. From lognormal transformation was
used for normalization of EC and qCO,. Best model for single semivariogram of organic carbon, microbial
respiration, urease enzyme activity, microbial biomass carbon, qCO, and MBC/OC in the soil was spherical
model, for pH in the soilwas exponential model and for EC and phosphatase enzyme activity was gaussian
model. Also, the best interpolator for pH, EC, organic carbon, microbial biomass carbon, urease activity,
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gCO,and MBC/OC was kriging, for alkaline phosphatase activity was inverse distance weight, and for microbial
respiration was cokriging method. Amount of pH increased from north to south of Pasargad plain, but amounts
of EC and organic carbon were inverse of pH.The higher amounts of microbial respiration and urease activity
were observed at the south and east, respectively. The amount of phosphatase activity in the soil of Pasargad
plain was scattered, and wide area in the plain had the activity between 215-275 pg PNP/g.hr. The higher
amount of MBC and MBC/OCand lower amount of qCO,were observed at the west.

Conclusions. The bhiological soil properties were sensitive and rapid indicators of effects of soil
management. Generally, according to the spatia variabilitymap, the areas in the region are critical situations in
terms of biological indicators of soil. So the management techniques that are applied by farmers in these areas

have to be changed. The results of this study used in the improvement of regiona planning for sustainable
management of soil.

Keywords: Biological properties variability, Geostatistic, Soil quality
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Table 1- Somephysical and chemical properties of the studiedsoil

Slade (solg) S 329
Properties
st o) cél,
Silty loam Texture
21 "
Silt
52 o
Sand
27 o)
Clay
0.64 (%)L;ﬂ oS
Organic carbon
235 (%) Jsleo S’ liyyS
Calcium carbonateequivalent
7.85 e
pH
0.66 (dS M) S sl cylan cylls
Electrical conductivity
195 (cmole kgt) Jssls Jobs cud s

Cation-exchange capacity

(AU e Gl 00 g5 6o ST 9 A=Y Jsse
Table 2- Some biochar properties produced from various plant wastes

S w‘.\h Colils _g,g_ts Jals cud,b 039 ;S Ol “
ool Electrical Cation exchange Js Js Js Ash
pH conductivity capacity TotalN _ Total C _ Total H
S €9 (ds m) (cmolc kg?) (%)
Biochar type
e o2 SblE 711 0.05 3253 022 6402 389 1020
(Apple pruning waste)
< i
o9 u*’r‘f bl 7.56 0.08 36.32 0.86 71.03 4.04 5.08
(Grape pruning waste)
PAT A 5 o8 8.13 0.55 108.42 0.41 59.42 4.04 17.14
(Wheat straw)

(F 9 ¥ Jgion) ol s osel s SleMbl il jlg 30
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Table 3- ANOVA for pH, EC, OC, NH4* -N, NOs™ -N, K-Ava.and P-Olsen

331 an 5 Ol po Ske Mean of squares
Calsld 16 & o
i 2l Degree ool Culad I onss ool el i : g;*" 2 ;-‘:‘ |
Source freedom H " ocC N-NH4* N-NOs! 2 el g
P s K- Available  P-Olsen
EC
(B.(’)l;:"; Ef 0 2 0.31"* 0.75"*  1.025"* 7.35" 2.45"* 3530862 124
| r typ
(Bi’ljc’;a’r“;te) 4 0.019m 0.143"*  1159™  137.2" 267 2550104 720"
.’l%"‘"‘ e xes 0.039™  0.143" 0.245* 10.41 94.33™* 909454 42.76™*
(Biochar typex rate)
(El;“;'r) 30 0.011 0.002 0.065 0.001 0.001 5773 4.35
r
s e ps (CV %) 1.33 11.03 14.04 1.54 7.54 8.02 9.92

ToolV Jloinl o (3 )l ime o 7Y o Jlein] gaws 53 5l5 (ime I3 xe pé a4 **%5 T ENS
*, **and ***: significant at P < 0.05, significant at P < 0.01 and, significant at P < 0. 1, respectively.

SB 3 G uao oS polic pdlle Guilyyly 4550 € Jous
Table 4- ANOVA for micronutrients in the soil

@313l 4y Slazyo (Sl
Degree freedom Mean of squares
i o2l &9 e Jroen
Source Fe Zn Cu Mn
(B_’l%;"* ﬁty' ) 2 6.28™" 0.032" 0.0012 91.92"
iochar type
(Bfl%’?: ’ lmt ) 4 172" 0.079™ 0.062™" 70.75™"
iochar rate
.)l%}"u‘ e e 8 0.92" 0.084 0.009 "™ 9.41m™
(Biochar typex rate)
ol
(Efror) 30 0.118 0.092 0.009 10.11
s o ps (CV %) 8.69 17.4 11.33 19.54

Tl ‘-Jl“blff]“”’)%b@“‘s)b@*‘)ﬁé%)qu*“g ns
nsand ***: not significant and significant at P <0. 1, respectively.
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Table 5- Effects of biochar types and rates on soil pH and EC

Jesw &9 oo pH (1:5)

Biochar type Bo B1 B2 Ba Bs

w oA ot g g gogw  gol®  go2® 815
(Apple pruning waste)

295 o Ll 7.84%¢  7.87°° 7.94> 8.03% 8132
(Grape pruning waste)

PS5 S 5 o0 7.84%¢  7.79¢ 7.73% 7.70% 7.619

(Wheat straw)

S S cglan cybls EC(DS m'h)

Bo B: B2 B4 Bs
e 0 st 0.25¢  0.23¢ 0.22° 0.24® 0.28°
(Apple pruning waste)
5 oon S 025°  020° 021° 024° 028
(Grape pruning waste)
PS5 GHS o5 025 0399 054 0740 1220

(Wheat straw)

23l e 3 xe S g5l b aoyd & Jlein] gaws p3 (gjlel s 1 s S jide g sl (Sig e cygte b G,y 0 oS oolael
*Numbers followed by the same letters within each parameter show no significant differences among treatments (P< 0.05)
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Figure 1- Effects of biochar types and rates on soil organic carbon (%), the same letters show no significant differences
among treatments (P< 0.05).
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Table 6- Effects of biochar types and rates on N- NH4** and N- NOs™! onstudied soil

S &5

o389l 039, N- NH4™ (mg kg™)

Biochar type Bo

B1 B> B4 Bs

G o2 Ll 38.50*

Apple pruning waste

255 ooy gLl 3853

Grape pruning waste

35P 350 28¢ 27¢
3858 31.5¢ 315°¢ 289

35P  35P  315°¢ 31°

s 039 N- NOs™ (mg kg™)

B: B> B4 Bs

puS u.JS ) oS 3852
Wheat straw

Bo
G o2 Ll 3158

Apple pruning waste

25550 oy (Ll 3152

Grape pruning waste

P.\.ZSJL‘S’&K 3152

Wheat straw

245> 21¢ 1759 115
2455 1754 1759  14¢

240 21¢ 1759  14¢

Bl e s gxe S 905 b mo > B Jlais! aaws ;3 (glel Jla5 I wised S jie Gy > (ghld (Shg pa gt b cndy 3 oS (golael %
*Numbers followed by the same letters within each parameter show no significant differences among treatments (P< 0.05)
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Figure 2- Effects of biochar types and ratesonsoil Olsen-phosphorus (soil available) (mg kg™), the same letters show no
significant differences among treatments (P< 0.05)
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Figure 3- Effects of type and rate biochar on soil available potassium(mg kg), the same letters show no significant
differences among treatments (P< 0.05)
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Figure 4- Effects of biochar types and rates on soil available iron (mg kg), the same letters show no significant differences
among treatments (P< 0.05)
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Figure 5- Effects of biochar types (A) and rates(B) on soil available manganese(mg kg1), the same letters show no significant
differences among treatments (P< 0.05)
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Figure 6- Effects of biochar rates on soil available copper (mg kg), the same letters show no significant differences among
treatments (P< 0.05)
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Introduction: Biochar is a material produced from organic matters under high temperature and low oxygen
conditions. In recent years, scientific attention has been focused on its effects on soil amendment and ecological
restoration.Due to its properties related to surface area and porosity, bulk density, nutrient content, stability,
cation exchange capacity (CEC), pH value, and carbon content, biochar has the potential to improve physical and
chemical soil properties and thus improve crop productivity and contribute to carbon sequestration. Biochars can
have very different properties depending on the feedstock they are produced from and the pyrolysis conditions
used to generate them.Biochar retains nutrients for plant uptake and soil fertility. The infiltration of harmful
quantities of nutrients and pesticides into ground water and the runoff that erodes the soil and enters into the
surface waters can be limited with the use ofbiochar. The actual effects of biochar on soil properties depend on
the soil type and the plant species grown on the area of application, as well as biochar type and application
rate.The aim of this study was to evaluate the effect of the biochar types and rates on some soil properties and
nutrient availability in a calcareous soil.

Materials and Methods: An incubation experiment was conducted in a completely randomized design with
three replications. The treatments were three type of biochar (apple pruning wastes, grape pruning wastes and
wheat straw), and five biochar rates (0, 1, 2, 4 and 8% wi/w). Biochars used in the experiment wereproduced at
the final temperature of approximately 350°C for almost 3 hours. The biochars were ground and sieved over 1
mm sieve for the incubation experiment.100 g of soil sample was weighed into polyethylene pots and then
thoroughly mixed with 1, 2, 4 and 8 g of the biochar samples. Soil controls were run without any amendment.
Distilled water was added to the soil-biochar mixtures (soil samples) in order to keeptheir moisture content to
60% of their water-holding capacity. The incubation was carried out in a controlled incubation chamber at 25°C
for incubation in aerobically controlled non-leached conditions during 8 weeks.After 60 days, the samples were
dried andsoil pH and electrical conductivity (EC) were determined in 1:5 soil to water extracts. Also, to
determine mineral N, the soil samples with biochar were extracted with 2 M KCI. Organic matter was
determined by dichromate oxidation. Soil extractable P and K were extracted with 0.5 M NaHCO3 (ratio 1:10)
(Olsen-P) and 1 N NH4Ac (1:20) (NH4Ac-EK), respectively. DTPA-extractable Fe, Mn, Cu, and Zn were
analyzed by atomic absorption spectrometry method (Shimadzu AA-6300).

Results and Discussion: The results indicated that adding biochar changed some soil properties such as soil
organic carbon, pH, electrical conductivity and the availability of some macro and micro nutrients. These
changes were also more evident with increasingin the rate of biochar. Soil organic carbon (SOC) contentsin the
amount of 8% apple pruning wastes, grape pruning wastes and wheat straw biochar were 3.78, 3.80 and 5.24
times more than control, respectively. Available potassium and phosphorus increased further in derived biochar
from wheat straw in the amount of 8% compared with apple pruning and grape pruning wastes. Soil available
potassium in wheat straw biochar was 2.19 and 1.88 times higher than apple pruning and grape pruning
wastesbiochars, respectively. Wheat straw biochar greatly increased soil EC compared to control, and a higher
biochar addition finally resulted in a higher value of soil EC. Also, the mineral — N, comprising of ammonium
nitrogen (NH4-N) and nitrate nitrogen (NOs-N), concentrationshowed significant reduction when different rates
of biochar were added to the soil. Increase in the rate of applicationmarkedly reduced the concentration of both
NHz-N and NOs-N. Wheat straw biochar significantly reduced available iron. Also, soil available copper
significantly decreased by increasing the rate of biochar. But, soil available manganesesignificantly increased by
increasing the rate of biochar. The type and rate of studied biochars had no significant effect on available Zn.

1, 2, and 3- PhD. Student, Professor, Associate Professor, Department of Soil Science, College of Agriculture, Urmia University,
Urmia, Iran, Respectively
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Conclusion: Generally, the soil organic carbon (SOC) markedly increased with an increase in rate of
application ofbiochar during the 60 days of incubation. This suggests that the biochar has great potential for
carbon sequestration in soil.In conclusion, it became clear that in order to allow for accurate prediction of the
effects ofbiochar on soil characteristics and nutrient availability, a deeper understanding of interactions between
soil type, biochar production method, biochar feedstock, application rate and field crops is essential. Further
research is needed to determine long term impacts of biochar on these soils.

Keywords: Biochar, Nutrient availability, Organic carbon, Pruning wastes,Wheat straw
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Figure 1- Grain size distribution curves of tested materials
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coefficient for the uniform sample with 6.35 diameter
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coefficient for the uniform samplewith 0.85 diameter
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Figure 13- Horizontal and vertical hydraulic conductivity
coefficient for the uniform samplewith 9.5 diameter
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Figure 14- Anisotropy of hydraulic conductivity to
porosity for uniform particle
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Introduction: Investigation of water passing through soil is one of the most important problems in soil
mechanics and environmental engineering. It is an important parameter for predicting the movement of water
and contaminants dissolved in the water through the soil and measured on soil samples in the lab and sometimes
tests carried out in the field. Soil permeability generally depends on two factors, the first one is soil
Specifications contains an empty space of soil, surface roughness of solid particles, saturation, and another one is
characteristics of the fluid (water) that passes through soil. Already few efforts have been made to recognize the
characteristics of anisotropy in the geotechnical designs therefore this study has been done. Physical and
mechanical properties of soils and sedimentary rocks are generally heterogeneous and hydraulic conductivity (k)
is not an exception. The anisotropy of hydraulic conductivity of soils has a great influence on the fluid flow and
the transmission of contamination. Knowing the hydraulic conductivity in cases such as flow through dams and
dikes, internal erosion in soil masses, settling of consolidated clay levels, optimal design of water and oil wells,
and the design of drainage systems for roads, airports and agricultural land. Generally, the hydraulic conductivity
is more in the horizontal direction than the hydraulic conductivity in the vertical direction, and the hydraulic
conductivity anisotropy is shown with a non-dimensional parameter rk which is equal to the ratio of the
horizontal hydraulic conductivity to the vertical hydraulic conductivity. According to Chapuis et al. (1989), on
more than 100 measurements of hydraulic conductivity along with the results of the experiments of Chapuis et
al. (1990), Rice et al. (1970) and Leroueil et al. (1990), the anisotropy of the hydraulic conductivity of clays,
sands and sedimentary rocks are almost like each other. The degree of anisotropy may depend on the shape of
the particles, their arrangement, or the orientation of the free space among the particles of the soil, which appears
to be less than 4. Due to the impossibility of preparing intact samples from grain materials, as well as the lack of
suitable measuring instruments for grain samples, there are few valid results for non-sticky materials. As
Chapuis et al. (1989) and Sferlazza et al. (2009) in accordance with most of the experimental results, the
anisotropy of hydraulic conductivity increases with density, and also the degree of anisotropy decreases with
increasing porosity ratio.

Materials and Methods: In order to conduct the present research, measurement device was designed and
built. This device is a cube with 150 mm %150 mm x 173 mm dimensions. The components of the device are:
bleeding valves, inlet and outlet valves, porous plates and the size of the sample respectively. In this study, four
uniform soil samples were selected for test. Samples are prepared in falling manner, with three porosity and
under three different hydraulic gradient were tested. In Table 1 The general pattern of research experiments is
presented. In this study, 36 tests were performed.

Table 1-Pattern of research experiments

Void Diameter
Water head rati . Parameter
particle
[
The number
Al Al ¢ of test
cases

1, 2 and 3- Graduated of Costal & Port and Marine Science Structure and Assistant Professors of Marine Engineering, Khorramshahr
University of Marine Science and Technology

(-*Corresponding Author Email:mortezabakhtiari@yahoo.com)
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To measure vertical permeability, due to large grains samples, according to ASTM D-2434 standard fixed-
load test method has been used. First, the porous plate is placed on the bottom of the measuring device to prevent
the soil from entering and exiting the water penetration then The soil is inserted from the fixed height into the
device and the porous plate is placed on the sample. Then place should be located at the top of the device and
close the screws so there should be no water leak. Then the weight of the soil should be measured and connect
the system to the water. Then the outlet tap should be opened and water should be passed through the soil sample
until the sample would be completely saturated and no air bubbles come out of the outlet pipe and fix water
level. Then the water head and weigh the empty container and the duration of the outflow of water for a given
water volume should be measured. After performing the test at a specified head, the elevation of water should be
changed by reservoir adjustment and the permeability coefficient would be measured in other loads.

Results and Discussion:

The effect of hydraulic loads on horizontal and vertical hydraulic conductivity coefficients for uniform
samples
Horizontal and vertical hydraulic conductivity tests were performed on uniform samples including coarse
aggregate materials with a diameter of 0.85, 2, 6.35, and 5.9 mm. In Figures (1) to (3), the effect of hydraulic
load on horizontal and vertical hydraulic conductivity for uniform samples in minimum and maximum
conditions is shown.

L 2 d10=D.85 & d10=0.85
T iesanes P 80— did=2mm
80— di=2mm
D D d10=6.35
s d10=6.35 = %— d10=9.5mm
£ = R
= £ i
3 exin T 4 emin
z E
8 i) n 8 & o
: E H
B e X o
E < E 004 b & X
= o a
g - :
5 X X .
hydraulic gradient ) hydraulic gradient
(B) (A)
di0=0.85 oia 90— d10=0.85
B 102t 8 d10=2mm
1 l;l d10=6.35 2] d10=6.35
=
s o ¥— d10-0.5mm % = < %— d10=9.5mm
1] =0
= emax = c
3 3 T 0 emax
g 132,
£ | 13 o — i
z ] i) B <
£ B o
= X 4 £°
s 1= ]
S 2 0 ona
= 4 E Tt
S
= E 2 002
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Figuer 1- According hydraulic conductivity to hydraulic gradient for uniform samples with A) vertical hydraulic
conductivity, minimal porosity B) Horizontal hydraulic conductivity, minimal porosity C) vertical hydraulic
conductivity, maximum porosity D) horizontal hydraulic, maximum porosity
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Investigations showed that in all cases, with increasing hydraulic load, the horizontal and vertical hydraulic
conductivity decreased and then the process of change was almost constant.
Investigation of the effect of porosity on horizontal and vertical hydraulic conductivity of uniform samples

The results showed that the horizontal hydraulic conductivity coefficient for all samples was higher than the
vertical hydraulic conductivity coefficient.

Also, the results showed that the minimum hydraulic conductivity (e = 0.46) and maximum porosity (e =
0.97) were about 34.33 and 0.35 percent higher than the hydraulic hydraulic conductivity, respectively.

Investigation of the effect of porosity on the anisotr opy coefficient of hydraulic conductivity of uniform
samples. The results showed that with increasing porosity, the coefficient of heterogeneity of hydraulic
conductivity for uniform samples was reduced and this coefficient was for uniform samples in the range of 0.89
to 1.35.

Conclusions: The final results can be summarized as follow:

1. The permeability in the horizontal direction is often greater than the permeability in the vertical direction.
2. The anisotropy permeability for uniform sample is between 0.85-1.35.

3. The anisotropy permeability decreases with increasing porosity.

4. In the uniform samples, maximum permeability occurs at higher hydraulic conductivity.

5. With increasing the uniformity coefficient, the amount of hydraulic conductivity decreases.

Key words. permeability, Coarse Grain Soils, Anisotropy, porosity
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Table 1- Statistical properties of annual rainfall data (1971-2013) in the selected stations
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Figure 2- Monthly time series of SPI in total stations (a) and Urmia station (b)
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Figure 3- Time series of drought severity and percent of area under drought (1971-2013)
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Figure 4- Scatter plot and histogram of drought severity and percent of area under drought
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Figure 5- Graphical dependence a) Ranked scatter plot, b) Chi plot and c) Kendall plot
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Table 3- Theresults of the goodness of fit

test of drought A and Svariables
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Weibull (shape, scale)  (1.116,0.348) -97.2 -89.0
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Table 4- Copula parametersand evaluation criteria of copula functions

o 23U

Copulafunction

NI Juels 13 # oY esH Jboy

Clayton Gumbel Frank Joe Galambos Plackett Normal

Parameter 1.731 1.155 8.458 1.074 0.189 15.318 0.509
Log-likelihood 131.67 25.89 235.04 9.37 18.65 211.11 123.09
AIC -261.34 -49.79 -468.09 -16.75 -35.31 -420.23 -244.19
BIC -257.20 -45.65 -463.95 -12.60 -31.16 -416.09 -240.05
RMSE 0.132 0.183 0.109 0.198 0.201 0.119 0.151
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Introduction: Drought is a natural phenomenon and was described when precipitation is less than expected.
Since the precipitation amounts in terms of spatial and temporal characteristics are different from one region to
another, so this phenomenon is known as a multivariate phenomenon. This phenomenon often characterized by
different variables such as drought duration, severity, intensity and spatial extent. Although site specific analysis
can provide useful information on drought occurrences in a limited area, but these results have a fundamental
uncertainty to drought risk assessment in a large region. Therefore regional drought analysis, provides a more
comprehensive assessment in each region, and is essential for short and long term management of water
resources Meanwhile, the copula functions has been developed as a new advanced technique for modeling the

two or multivariate joint probability distribution in different fields such as financial, hydrology, water resources
and risk management. So, in this research, regional analysis of drought severity and percent of drought area were
performed using the copula functions in Lake Urmia basin, as one of the Iran's drought-prone basin. Such study
with emphasis on bivariate analysis of drought severity and drought areal extend were conducted for the first
time in the study area. The main objectives of this study are: 1) Modeling drought characteristics in Lake Urmia
basin, 2) Evaluation of copula functions in modeling the structure of the region's drought characteristics, and 3)
Develop the Severity-Area-Frequency curve using the appropriate copula.

Materials and Methods: Copula is the stochastic model and based on probability. In other words, copulas
are function for modeling the two or multivariate random variables. Copulas can be easily coupled the marginal
distributions to multiple distributions. There are many parametric copula families available, that seven copula
functions such as archimedean (Clayton, Frank, Gumbel and Joe), extreme value (Galambos), elliptical (Normal)
and others (Plackett) were used. The SPI-1 was determined at each station and then, the whole area was divided
into small grids with cell size of 2000x2000. Distances between the grid centers with all the selected stations
were calculated with a programming code. Finally, the SPI values in each grid were calculated using IDW
method. The severity and percentage of drought area variables were determined and used for regional drought
modeling in the study area based on drought threshold equal to zero. After determining the best statistical
distribution of two variables, the appropriate copula function was conducted based on different goodness of fit
tests. Finally, the Severity-Area-Frequency curve for the study area was developed based on the appropriate
copula function and conditional return periods.

Results and Discussion: The correlation between the two variables of percentage of drought area and
severity was assessed using different graphical (Kendall plot and Chi plot) and statistical tests (Spearman rand
order correlation and Kendal tau). The results showed a positive correlation between the drought severity and
percentage of drought area variables. Based on Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) and graphical test, the Lognormal and Beta probability distributions were select as a best fit
distribution of severity and percentage of area under drought, respectively. Finally, the Frank copula among
other type of copulas was selected as an appropriate copula for modeling joint drought severity and percentage of
area under drought for the study area based on Maximum log likelihood, AIC, BIC and RMSE criteria. The S-A-
F curve was developed using conditional return periods based on Frank copula. According to S-A-F curve, it can
be seen that increase in the percentage of area under drought in the study area led to increase in drought severity
and vice versa. For example, drought severity with return period of 20 years and drought with 20 percent areal
extend is obtained equal to 0.37.

Conclusions: Copula functions are of great importance in the analysis of drought, due to preserve correlation
between variables and not have any limitation to have a same marginal distribution in long-term prediction of
drought events. In this study, using best fit copula (Frank copula) and conditional return periods, the
relationships between drought severity and percent of area under drought for the study area named S-A-F curve
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were developed. These curves can be useful for planning and management of drought in the region. Drought risk
assessment based on the results of this study can be high priorities for drought monitoring in large areas.

Keywords: Area under drought, Marginal distribution, Severity, SPI
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