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Introduction: The study of flow diversion in open channels which has been, since long, under consideration
by hydraulic engineers, is much used to divert flow from a main channel or from a river into an irrigation or
hydropower channel. When a water intake with an angle is installed at one side of the channel, the streamlines of
the flow deflect towards the intake. As a result, a separation zone is produced in the lateral channel. The
separation zone develops in the lateral channel and reduces the discharge capacity and efficiency of water intake
by delimiting the channel width available for the flow. Therefore, determination of water intake geometry and
flow conditions to produce minimum separation zone is very important and they are the focus of this study. The
majority of previous studies was conducted on sharp edged water intake entrances. Therefore, in this study, to
find the optimum radius for a round edged entrance water intake, a comprehensive experimental program was
carried out in a laboratory flume and the separation zone dimensions and Alpha and Beta coefficients were
measured.

Materials and Methods: The experimental model was built in hydraulics laboratory. The water intake was
installed at 55 degrees to the main channel. The main channel consisted of a rectangular cross-section with a
base width of 0.5 m, height of 0.4 m and a length of 15.80 m. The lateral diversion channel was 0.25 m wide,
0.40 m high. According to previous experiments that performed by Keshavarzi and Habibi (2005), radii of 10, 15
and 20 cm were selected for the edges of the intakes, upstream of the 55 degree water intake. The velocities of
the flow in transverse and flow directions were measured using an electromagnetic velocity meter at three
distances Z= 3 cm, 6 cm and 12 c¢m, in which Z is the distance from the bed. Then the size of the separation
zone, Alpha and Beta coefficients were determined.

Results and Discussion: To find a relationship between the radius of the round edge entrance in the 55
degree water intake and the size of separation, the geometry of the separation zone must be determined. To find
the geometry and pattern of separation zone for different flow conditions, the particle traces technique was
employed using Tec plot Software version 8.0. In open end flow condition, for discharge ratios of 0.2, 0.4, 0.6
and 0.8, and for the radii of 10, 15 and 20 cm, flow separation occurs at 3 cm and 12 c¢m distance and only
upstream of the intake inlet. The separation size in r=20 cm is less than for other radii. Also, the separation size
for Qr = 0.8 is minimized and for Qr =0.2 is the maximum and for r/Wb=0.8, the length and width of separation
are minimum. In close end flow condition and for radii of 10, 15 and 20 cm, the size of separation zone at
upstream of water intake is much larger than that in downstream. Comparing with the separation length
downstream of the intake it can be concluded that with increasing the inlet radius, the separation length upstream
of the intake inlet decreases. Therefore, in close end conditions, rounding of the intake inlet is effective to
decrease separation length at upstream side of water intake. Also, in close end conditions, flow separation occurs
at downstream side of water intake. Furthermore, the separation size for r=20 cm is less than for other radii,
therefore, r/'Wb=0.8 is the optimum radius ratio with a minimum separation size at the 55 degree water intake.

Conclusions: When a water intake with an angle is installed at one side of the channel, the streamlines of the
flow deflect towards the intake. As a result, a separation zone is produced in the lateral channel. The separation
zone development in the lateral channel and reduces the discharge capacity and efficiency of water intake by
delimiting the channel width available for the flow. In this study, to find the optimum round inlet radius, the
experimental tests were carried out at a water intake installed in a rectangular channel with rounded edge with
10, 15 and 20 cm inlet radius. Then separation zone dimensions and alpha and beta coefficients determined.
These experiments were carried out in close end and open end flow conditions for diversion flow ratio 0.2, 0.4,
0.6 and 0.8. Using particle trace plot for different flow pattern, the values of length and width of flow separation
upstream and downstream of the intake were determined. The result showed that the separation size for Qr = 0.8

1 and 3- Assistant Professors, Department of Agriculture, Payame Noor University (PNU), Iran
(*- Corresponding Author Email: m_karami_mo@yahoo.com)
2- Associate Professor of Department of Civil Engineering, Estahban Branch, Islamic Azad University, Estahban, Iran
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is minimized, whereas it is maximum for Qr =0.2. Furthermore, the separation size for r=20 cm is less than for
other radius, therefore, r/W,=0.8 with a minimum separation size was selected as the optimum radius ratio.

Keywords: Efficiency, Optimum radius, Radius of entrance, Rectangular channel
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2- Linear Imaging Self scanning Sensor
3- Soil Adjustment Vegetation Index
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8- Land Surface Temperature (LST)
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1- Red Index (RI)

2- Enhanced Vegetation Index (EV1)

3- Modified Soil Adjustment Vegetation Index (MSAVI)

4- Normalized Vegetation Supply Water Index (NVSWI)

5- Triangular Vegetation Index (TV1)

6- Modified normalized difference Vegetation Index
(mNDVI)

7- Modified Triangular Vegetation Index (mTVI)
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1- Root Mean Square Error

2- Mean Absolute Error

3- Mean Absolute Relative Error
4- Kaiser-Meyer-Olkin
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Table 1- Characteristics the eigenvalues of investigated indices

adlge jg e Wbylgilae,y  readi ey
Component  Eigenvalues % of Variance Cumulative %
1 7.037 63.974 63.974
2 1.346 12.239 76.212
3 1.016 9.238 85.450
4 0.740 6.724 92.175
5 0.451 4.101 96.276
6 0.270 2.457 98.734
7 0.080 0.724 99.457
8 0.030 0.275 99.732
9 0.017 0.158 99.890
10 0.007 0.063 99.954
11 0.005 0.046 100.000
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Table 2- Particular vectors of investigated indices

h"”l‘“’ NDVI RI TVI MSAVI SAVI mTVI EVI mNDVI LST TVX NVSWI
Indices
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First component
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Second component

dﬂs
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Third component
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Table 3- Investigation the activation functions of hidden — output layer

Sk aY G555 i) (0850505 ) (GaB9eRoj CalBl (ga89eS0) piy 8 k> SM59e50 5 il
Hidden layer Log sigmoid Log sigmoid Tan sigmoid Log sigmoid Linear Tan sigmoid
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Output layer Linear Tan sigmoid Log sigmoid Log sigmoid Linear Tan sigmoid

bno Lol ol MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE
Criteria values 0.22 0.25 0.15 0.19 0.18 0.25 0.15 0.2 0.21 0.24 0.14 0.8
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Figure 3- The variation of error criteria versus the number of neurons
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Introduction: The globally growing demand for water has shown the need for its efficient and judicial
utilization, and particularly in agriculture being single largest consumer of water. Crop evapotranspiration
represents crop water demand and governed by weather and crop conditions and most of the current water
demand models are non-spatial models, they use point data. Global scale satellite images can solve these
problems. According to the high performance of satellite indices, it is necessary to estimate crop coefficient
using combination of reflectance and thermal bands. The aim of this research was to estimate the effective crop
coefficient of potato using vegetation indices and principle component analysis.

Materials and Methods: Principle component analysis (PCA) was used for effective crop coefficient
estimation. Modeling of associations between vegetation indices and crop coefficient were conducted using
artificial neural network. In the present study, NDVI, RI, EVI, SAVI, MSAVI, NVSWI, TVX, TVI, mMNDVI and
mTVI were the used as vegetation indices. PCA is designed to transform the original variables into new and
uncorrelated variables (axes), namely the principal components, which are linear combinations of the original
variables. The new axes lie along the directions of maximum variance. PCA provides an objective procedure of
finding indices and information on the most meaningful parameters, which describes a whole data set affording
data reduction with minimum loss of original information. Artificial neural networks are a computational model
which is based on a large collection of simple neural units, loosely analogous to the observed behavior of a
biological brain's axons. RMSE, MAE and MARE were the statistics used for investigating the performance of
crop coefficient of vegetation indices with FAO crop coefficient.

Results and Discussion: Eleven MODIS vegetation indices are derived in the period of 2013 to 2016 for
potato over the limited area between Tabriz and Bostanabad. The last year was considered as the validation
period. According to the FAO-56 paper, the lengths of initial stage, crop development stage, mid-season stage,
late season stage were considered to be 25, 30, 45, 30 days, respectively. The vegetation indices were derived
using MODIS sensor with 2x2 pixels. The PCA showed that with increasing the number of components, the
eigenvalues decreased. The analysis indicated that the three first components accounted for the 85.45 % of the
total variance of data and the eigenvalues of them were greater than 1, the three first components were thus
selected. NDVI, RI, TVI, MSAVI and NVSWI in the first component, MNDVI in the second component and
LST in the third component had the highest coefficients. NDVI in the first component with high coefficient
indicted the importance of index in the crop coefficient determination. The coefficients of SAVI and MSAVI
were higher than NDVI. From the three investigations on the kind of principle component, the first investigation
led to a 55.75 % decrease in RMSE relative to the second and third investigations. The first and second
components together had less error rather than third component. The average of MAE for first, second and third
investigations was, respectively, 0.17, 0.22 and 0.2. Therefore, component with exact values of particular vectors
resulted in a reduced error. The sensitivity of artificial neural network led to an increase in the simulation
accuracy (for example the RMSE decreased from epoch 100 to 50 was 48.27%). Crop coefficient estimation
using vegetation indices of principle component analysis was underestimated about 1% in the validation period.
Overestimation and underestimation were found in the initial and crop development stages, respectively.

Conclusions: The quantities of statistics showed the improvement of artificial neural network performance
with combination of vegetation indices using principle component analysis. The vegetation indices with
reflectance bands performed well. The combination of thermal and reflectance bands enhanced the vegetation
indices efficiency. In addition to NDVI index for crop coefficient estimation, improvement of indices according
to the study area condition increased the indices performance. The kind of mathematical equations of indices can
increase the indices performance which using the same bands with different equations have different results. The
selected component of principle component analysis has important role in increasing the simulation accuracy.

1- Assistant Professor Faculty of Agriculture, Azarbaijan Shahid Madani University, Tabriz, Iran
(*- Corresponding Author Email: laleh_parviz@yahoo.com)
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The error reduction of simulated crop coefficients can increase the precision of irrigation consumption and
agricultural planning which the principle component analysis has more important role.

Keywords: Atrtificial neural network, Components, SAVI , Water demand
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Table 1- Summary descriptive statistics of soil variables in the Garden lands

e sely wwS dwds ofike  Jleedlpdl S Sl Oladicuye o
Variable unit Minimum Maximum Mean SD Skewness  Kurtosis (%)CV ks .
correlation
Po g.cm? 0.99 1.48 1.22 0.16 0.29 -1.48 13 0.05
Sand % 33.00 95.00 72.62 18.61 0.89 -0.41 25 0.22*
Silt % 0.00 58.00 23.74 17.77 0.65 -0.88 74 -0.25
Clay % 0.00 9.00 3.62 2.32 0.58 0.04 63 -0.13"
ks cm.h?t 0.03 11024.29 428.67 2118.17 5.19 26.96 494
Cesly; 55 3 SB Sl puide (dnog (sao ol I (glaods -2 g
Table 2- Summary descriptive statistics of soil variables in the agricultural lands
e 2aly AieS Al oSl medlpsl Sy S Ol s
Variable unit Minimum  Maximum Mean Sd Skewness  Kurtosis (%)CV Ks .
correlation
Pb g.cm? 1.03 1.75 1.25 2501 0.80 -0.67 20 0.43
Sand % 27.00 97.00 70.61 22.03 -0.64 -0.60 31 0.38"
Silt % 0.00 60.00 25.15 19.42 0.36 -1.09 77 -0.41
Clay % 1.00 13.00 4.23 3.44 1.91 3.14 81 -0.14"
ks cm.h?t 0.14 10348.76  1821.94 5298.01 3.53 12.60 290
UG 3 (SB bpiie oy slaolol I glaods -3 Jga
Table 3- Summary descriptive statistics of soil variables in the wilderness lands
e saly AieS Al oSl el (Slgr (S Oligaps et
Variable  unit Minimum  Maximum Mean Sd Skewness  Kurtosis (%)CV Ks .
correlation
Pb g.cm? 1.01 1.99 1.36 0.31 0.39 -1.19 433 0.18
Sand % 21.00 97.00 73.42 25.38 -1.28 0.40 70 0.56"
Silt % 0.00 71.00 23.26 24.14 1.05 -0.15 57 -0.58"
Clay % 1.00 9.00 3.84 2.33 0.79 -0.04 28 -0.26"
ks cm.ht 0.17 26998.28  2690.96 7876.40 1.30 1.43 96

ol ool g celys L slag )l (k) gletl (Sdgyam
2boey Pl sl ol oad o3l L5 392 L Johs o ey

oo 29— Loyl Sl oo g jlre Bl o Sapis
Colin g (o) 0Ll (ogasis pya o) i oy 1 ol



1305 gLl (Sugpume culan 5 S o Sy o551 9 o2 60 F1 ol

hde 8l 5 S ojlus @l andh 1) SIS (s
Ol ccalizee (ely; slacy pio Joel @bl olusl el
Ot ol 4Bl il 55 (Sgyded Culia o ps e
by sl 55 (Sgyaen Colid oy 355 Conle a5
had &ygody 5 Ml se culS Cog Sl wilate 3 o s
Slides Cod ))Se Sygod ol )d W yS (00 )8 Ml 5)90
Slgal g 9 598 9 Cublayy (CudS (B35 o B (25
S sl p b b Jolge ol den a5 35,0 )3 50l
Al ely "MlS g e ey s yylS 3 1y Ks oM
5 S e 535305 5 05 e 1000 Jolgs o ax gl
238 2 Fhe sbaygSl (S jobdy g s 5 o ot
239 030 g )3 omte QB P 2 0 b Pty Jadss
il a0y (Ko) S gl (Sgpim colin o ps i

0l sy Slod e 4 (S B byt mjg S
Caelys g b gl Sl )lS sl ol mrwy Slaled s 1
Shas oob lis (453 2) JSe ey @
Sl o aslrdon ol puiins jl S0 Ll (ou)p sl
ol bliuly plod )3 oud dalllas slapusio S Clyuss lawgis
( ColCo+C ) wilbiwl 4y (¢ daad il )ly o 133,5 o3litud
HSen 5 V) kaS ] o (sl puie bl )5 j) asls
Sbbo 5l peite w3l 0125 51 1268 s o) )51 48 wisls s (6)
o=l »S1 g bwgie Sl sl D75 6 0/25 1y o8 SKe
agil g dals Gams o e jksle 1L 0175 1 i cous
e Lo S Gl 0 oy Sl s Cliogad 4
9 8L sl gl (Sgyaen colin Clpss K9, (3 92 L Jga2)
L a4 a8 o Soim (o9lS Jio Jl 90 2 g ol (LuSs sl
Colun o ((Co/CotC) ailiwl & (glaxkad il g Coms & dogs
S5s8 Sl (S jlcel; )l 55 gl (Sdgyi
S & Cms (520 11740) 55 b aiels glas 5 (0/0006)
U el gl 5 0/28 wliwl a4y glawdad il ly cans b £l
L ceely; 63)lS 50 (wgls Joe Lol cal o955 520 8030
» $yeS Uy 1220075 L EL (60,8 4 s 12=0/065
g b Jae bl o) )1 Ks (055 lod jusis Slynss 4299
15 0/0006(Co/Co+C) wlewl & (slasksd Luily)ly Coms & a5 b
it (12) lSom 5 (et 3,65 oo )3 598 (St oS
lhged U b wgie JlKe  Siwpd «(SB (SJoydid Sluogas
4 B s r2=0027 b b o) o oo Jae 00,8 3155

ol (2550 (gl i Slpss ) o )3 27 angs

2- Macropores

oS S s 4 o cad ()bl e e3S iy cr el
A G D)l Slold SIS o yll 3)91).3 blad uibyly e
L \J—’L’*" mwliel gy 3l 2logy cors plodl jslaie
M8 wShe g MBE Lt Gy ool 108k ¢ b)) sl yiol)ly
225 03kl CRM s15lo 3Ly oy gyt § MAE s 3llas

515 plosl G I5ble 5 bazay (g lel o (sl

&b sl ) L Lol b plejen jsba Sllas ety

e (oS ls il Luogia oty 332 2t 2 5 515 (o)
S B (egd (b g (b e b (Bl sl WIS
(o p3lae )b ixe GMiA] cely dalais (81,5 5097 Cundsg
§ A rm SN dely a5 g y5boas e 0ud () g Clw
=l colin (Sle sl 103 T0 5l i s g (b 4t
ey A plg cely gl @)l 5 0l (g ojlul gl
A Ao celw p jio Lo 6690/96 4 1821/94 428/67
1539 (YL s b bl (Sdgyn colin slaosls
o gl 2325/T1 15 0102 1 clposs o) lade asals & (gygboat
03eS) 8l sl Ks Jlade o S & cully plug el
2 el 2 ol gt 5 (Gl ogase o2 i
LS 3 Jpaze g9 b odalie (6all 0hog p > (3 5 ke)
S9) SIS &9 1L g b Sllug o) o 35 glite gL
sl pegase p g plerd Cluogad Ll SB Olaogas
B O e e LB BRI SEL P S
368 olime led ) el ()8 p3 o5 caliste (slacy o
5oy el (g (e w SB (55,05 prdy e codd o3latul
o S )l (pl 3 (e SB (63K oy b5 Ol
Cola e nl o @ gl ()8 5l 0id g )8 b
2 e e ol BV ) (S oS @bl Gl eldl
o o sdgS 3l oslamal 51y JTolge olime Lialsdl g lel
S g g e Slalls dilato slacS1s e il o Lol 5 .0il,
O el e b il el JT slga SilsEl 1 ol o3,
bwgie g 5y slad S Cund 390 B2)b I (xlaw Y
S (IR e ials Lol g by slaJlss & e
Colin Oy o b (58,5 a5 3 by (IS sk el 0
SR & )5 o pasedie B8 Sl 5 gledl Sy e
L e ol 5 i 2u0y0 404 Sl o ot L Ly
oy S oy3 90 Joleo (Sgyn colin Slpnss coys b

1- Cross validation



1396 - 337 5 ojles 3l als S g O &

1306

LT il = a = o — 498
[ ¥} e
- 13.6 e e e .
:%'" el T1E T
31_@ 9.00 18 240
5 Q g |
§] 4.5 o r:'-:'l"'};
0.00™—7360.15 272030 4080.44 5440.59 wm [a4237 meEiad 433666 s7esss
[Py ST [ ekl
Separation Distance Separation Distance(m)

Caslys 6521 40 ol 8315 (W33l 0 (slod it =3 S

Figure 3- The fitted Semivariograms in the Agricultural land
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Figure 2- The fitted Semivariograms in the Garden land

258
&
% = 19.4 .
: |_§ 12.9 - o
E‘E o /}/ 0o p
g 6.5 »
wh a
0.00™ 192047 344093 516140 6881.86
Separation Distance{m)

2L 625 p3 008 0315 (183 2 (b peekiod —4 S
Figure 4- The fitted Semivariograms in the Wilderness land
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Table 4- The Parameters of fitted Semivariograms in the garden land

e Je Co

i Co+C  ColCo+C  Ao(m) r?
Variable Pattern

Sand ‘5”_5 1.000 465.0 0.0002 3720 0.83
Spherical

Silt ‘5”_5 0.750 5.806 0.13 5830 0.82
Spherical

Clay Lﬁ'\“’._ 0.202 0.568 0.35 1720 0.71
Exponential

ks U”’L_g 2.460 8.719 0.28 8030 0.57
Gaussian
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Table 5- The Parameters of fitted Semivariograms in the Agricultural land

CotC  Co/CotC  Ao(m) r?

’u.“ JM CO

Variable Pattern

Sand “5”_5
Spherical

silt w5 g
Gaussian

Clay S35 0062
Spherical

ks U“”L_g 11.25
Gaussian

1.000 10129  0.0009 6370  0.93

832.9 0.19 4050 0.88

1.844 0.03 13960 0.96

38.01 0.0006 11740 0.065
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Table 6- The Parameters of fitted Semivariograms in the Wilderness land

>~ * Je Co CotC Co/Cot+C Ao(m) r?

Variable Pattern

Sand “5”_5 1.00 2112 0.0004 18590 0.71
Spherical

Silt “5”_5 1.00 2110 0.0004 21100 0.70
Spherical

Clay U”’\_S 0.47 22.930 0.06 9030 0.70
Gaussian

ks il . 0.01 14.31 0.0006 830 0.27
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Figure 6- Spatial distribution map of ksVariable in
the Cultivation land
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Saturated Hydraulic Conductivity
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Introduction: The hydraulic parameters are very important for perception of water flow in unsaturated soil
and using pollutants and nutrient flow modeling in the soil. The effect of soil management and land uses on soil
parameters can directly alter soil hydraulic parameters. Because of interactive and tight relationship between soil
and plant covering, studying the soil parameters and its changing during different land uses is vital. The main
object of this study was evaluating the effects of different land uses on soil saturated hydraulic conductivity.

Materials and Methods: This study was performed in about 100 hectare fields of Khezrabad region in the
25 km south of the Jiroft county located in south eastern of Kerman province. The region gridded into
1000x1000 meter grids with use of Google earth and Arc GIS software, sampling places has been selected in the
center of each grid. Measurement of soil saturated hydraulic conductivity done with the Guelph permeameter in
the center of each grid. For the measurement of physical parameters such as bulk density, percent of sand, silt,
clay in the laboratory, sampling done from 30cm depth so samples transferred to the laboratory. In this study in
order to ensure the normal distribution of variables, the Kolmogorov-Smirnov test has been used with SPSS14
software. The Kriging method was used for interpolation and providing spatial maps.

Results and Discussion: Agriculture, garden and sterile lands were selected for the object of the present
study. The study area includes garden, agriculture and sterile lands at the same time. The study area contains 3
classes of soil texture as: sandy, sandy-loamy and loamy-sand. The results showed that soil saturated hydraulic
conductivity (ks) with strong spatial correlation had a high spatial variability. The fluctuation ranges of its values
changes from 0.02 to 2325.71 cm per hour. The lowest value of ks was observed in garden land (by having the
lowest value of soil bulk density) while the highest value was observed in sterile land (by having the highest
value of soil bulk density). The results also showed that semi-variogram of garden, agriculture and sterile land

were not the same, and it may gain from different types of agricultural operations, type of land use and various
textures so that from garden land to sterile land, the soil texture becomes lighter and level of saturated hydraulic
conductivity changes completely different. Several reasons maybe considered including soil different structures
due to different type of agricultural operations and type of cultivation for every single land use. The change
process of saturated hydraulic conductivity for garden and agricultural land was identical and for both the
Gaussian model were fitted. According to the nugget effect ratio to the sill (Co/Co+C), variability of saturated
hydraulic conductivity in agricultural land has a stronger spatial correlation (0.0006) and also has a higher radius
of effect range (11740m) compared to garden land in which the ratio of the nugget effect ratio to sill is 0.28 and
its radius of effect range is 8030 meters. the radius of effect range in sterile land had the lowest value among
studied land uses, though having strong correlation, the effect range of this correlation is low and, compared to
other lands, the changes process was more randomly obtained. To mention the reasons of this finding it is
possible to refer to area of the sterile land, dispersion of the sampling points and long distance between pair
points. The lowest spatial correlation belonged to garden land with middle spatial correlation class and the
reason can be explained as due to increase of sand, decrease of clay and silt, bulk density of soil increases as well
and leads to increase of coarse pores and consequently increasing saturated hydraulic conductivity of soil.

Results showed that soil saturated hydraulic conductivity (ks) with strong spatial correlation has high spatial
variability and these variability consist lowest quantity in the garden lands and highest quantity in the sterile
lands. The distribution pattern of Ks was seen similar to the sand and the soils bulk density, this pattern was
opposite to the clay distribution pattern, this indicates the effect of soil physical parameters on saturated
hydraulic conductivity.

1 and 4- M.Sc. Student and Lecturer, Department of Soil Science, Faculty of Agriculture, University of Jiroft, Jiroft

2 and 3- Associate Professor and Assistant Professor, Department of Soil Science, Faculty of Agriculture, Shahid
Bahonar University of Kerman, Kerman

(*- Corresponding Author Email: nbroomand@yahoo.com)
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Conclusion: According to the evaluation parameters CRM, MAE and MBA, Gaussian model is the best
fitted model to soil saturated hydraulic conductivity data and soil parameters such as saturated hydraulic
conductivity consist spatial variability related to sampling scale. The factors of land type and consequently type
of land cultivation, lands management system, type of agricultural operations, soil particles size and bulk density
of soil have the most impact on variability of Ks.

Keywords: Guelph permeameter, Jiroft, Kriging, Spatial variability
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Figure 1- Chemical structure of metribuzin
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Table 1- Some physical and chemical properties of the soils
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Soil No. Texture Organic Clay Silt Sand CEC
Carbon
(%) wo 2 cmolckg™
1 Loam 7.20 2.01 22.43 36.69 40.88 20.52
2 Silty loam 6.93 0.68 24.24 64.65 11.11 20.27
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1- Poly Tetra Fluoro Ethylene (PTFE)
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Figure 2- Sorption isotherms of dissolved organic matter (DOM) in the soils (Error bars indicates Standard deviation)
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Table 2- Freundlich coefficients of DOM sorption on soils (mean + standard deviation)

SK olows 1/n Ke(Lkg)  R?
Soil No.
1 118+001 382+0.02  0.999
2 144001  095+001 0.999

2l oo gdigyd e olps 1N 4 Ke

2 295 Sk PH p3lie 9 Jglono (I a3le cillisee (LB b ol Lo (LS 13 0 jom 6 o i gadin 8 Joo (gl yiol b -3 Jgur
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Table 3- Freundlich model parameters of metribuzin sorption in the absence and presence of DOM, and the pH values of the
supernatants at equilibrium (mean * standard deviation)

1 o5lo
SK o lows ) J,bu‘_g B Kr Un o G o pH
soil No. RIS e8de) (L kg R?
DOM (mg OC L)

0 18.52 #0.03 0.96+ 0.01 0.993 6.86+ 0.01

1 10 15.01+ 0.01 0.97+0.02 0.997 6.98+ 0.01

40 12.04+ 0.05 1.01+0.02 0.997 7.12+0.01

160 9.68+0.03 1.00+0.02 0.981 7.31+0.03

0 10.01+ 0.02 0.99+0.01 0.995 6.81+ 0.01

2 10 8.11+0.04 0.99+0.02 0.999 6.95+ 0.02

40 6.68+0.11 0.97+0.01 0.998 7.04+0.02

160 5,59+ 0.02 0.94+0.02 0.999 7.28 £0.04

2l oo gdigyd e olps 1N 4 Ke
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Figure 3- Metribuzin sorption isotherms in the soils with and without DOM (Error bars indicates Standard deviation)
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Figure 4- Ratio of distribution coefficients of metribuzin with and without DOM (K4*/Kq) as a function of added DOM to the
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Introduction: The environment is contaminated through intensive or inappropriate use of herbicides.
Quantifying the fate of applied herbicides in the soil is essential for minimizing their mobility in the soil and
environmental pollution. The adsorption behavior of the soil-applied herbicides is one of the most important
factors governing its environmental impacts such as degradation, transition and leaching. To date, No studiy has
been conducted to investigate the effects of DOM on the sorption of metribuzin by soils. The objective of this
study was to investigate the impacts of DOM on metribuzin sorption by two defferent soils.

Materials and Methods: In this research, DOM (0, 10, 20, 40, 80 and 160 mg of OC/L) adsorption in two
different soil samples was assayed under laboratory conditions at constant temperature. The effect of pH and
DOM concentrations (0, 10, 40 and 160 mg/L) on metribuzin (1.5, 2, 3, 4, 5 and 6 mg/kg) adsorption was also
studied. Soil samples were selected and collected from surface layers (0-20 cm). The soil samples were air-dried
and passed through a 2-mm sieve. The DOM sorption in both soils was performed by adding 10 ml DOM
solution with a series of initial concentrations in each 15 ml glass tube containing 1.00 g soil. All the DOM
solutions contained 0.01 mol/L CaCl, and 0.01 mol/L thymol, and the pH of the solutions were adjusted to 9.0
(about the pH of the initial extracted DOM solution) with 0.1 mol/L HCI or 0.1 mol/L Ca(OH),. The tubes were
shaken at 140 rpm for 24 h at 22°C. After centrifugation at 4,500 rpm for 15 min, the DOM concentrations in
solutions (presented as OC) were measured using a total organic carbon analyzer. Sorbed organic carbon was
calculated from the difference between the OC content of the DOM solution, which was initially added, and that
found in equilibrium solution with the soil, of which the amount of native DOM released from the air-dried soil
samples was subtracted. DOM solutions (10 ml) with different concentrations were added to the soils in 15 ml
glass tubes with PTFE lined screw caps. The solid-to-solution ratios were adjusted to attain 20-80 percentage of
the initially added metribuzin adsorption by the soils. All the DOM solutions contained 0.01 mol/L CaCl; to
maintain a constant ionic strength and 0.01 mol/L thymol to inhibit potential microbial activities, and the pH
values of the solutions were adjusted to 9.0 with 0.1 mol/L HCI or 0.1 mol/L Ca(OH),. Metribuzin was mixed at
high concentration in acetonitrile before being added to the DOM solutions. Acetonitrile concentrations were
always less than 0.1 percentage of the total solution volume to avoid the cosolvent effect. The tubes were shaken
at 140 rpm for 24 h at 25°C. Preliminary studies showed that sorption equilibrium was approached within this
time period. After mixing, the tubes were centrifuged at 4,500 rpm for 15 min, and 1.0 ml of the supernatant was
removed into a sampling vial for analysis. All sorption samples were conducted in triplicate. The sorption
experiments were conducted at different pH values in the absence of DOM by addition of HCI and Ca(OH): as
required to solutions containing 0.01 mol/L CaCl, and 0.01 mol/L thymol. The investigated pH values ranged
from 4 to 9.5. The initially added concentration of metribuzin was 5 mg/L. After shaking and centrifugation, the
pH values of the supernatants were measured using a pH meter. The samples were analyzed by gas
chromatography equipped with a mass (6890N, Agilent, USA). Metribuzin sorption was calculated from the
difference between the total amount of metribuzin initially added to the solution and the amount remained in the
solution at equilibrium.

Results and Discussion: Dissolved organic matter (DOM) was adsorbed on the soils and the experimental
data was better fitted to the Freundlich isotherm (R>0.999). The KF parameter amount of DOM sorbed on the
soils were 3.82 and 0.95 L/kg for the soils of 1 and 2, respectively which suggested that the soils have low
affinity to metribuzin . In the presence of DOM, the sorption behaviors of metribuzin by the soils were different.
The effects of DOM on metribuzin sorption were dependent on the characteristics of soils and the concentrations
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of present DOM. Metribuzin sorption by soil 1 and soil 2 was inhibited in the presence of DOM. Metribuzin
sorption was quantified by comparing the apparent distribution coefficient of metribuzin in the presence of DOM
(Kd*) and the absence of DOM (Kd). The sorption was promoted when the ratio of Kd*/Kd was more than 1,
and was inhibited when the ratio of Kd*/Kd was less than 1. The aqueous solubility, sorption, and bioavailability
of metribuzin are pH dependent. The effects of pH on the metribuzin sorption by soils showed when pH
increased from 4 to 9, metribuzin sorbtion by soils was decreased. When the pH was higher than 6.0, it was clear
that the amount of sorbed metribuzin decreased as the solution pH increased in each soil in the absence of DOM.
Metribuzin was present in both molecular and ionic forms owing to the ionization in the pH range examined in
the study. As the solution pH increases, the protonic form decreases. Therefore, the sorption of metribuzin
protonic form and the negatively charged surface of soils become more pronounced and the amount of
metribuzin partitioned to soil decreases. In addition, an increasing pH may enhance the release of native organic
matter from the soils into the solution that results in the decrease of metribuzin sorption. At the same pH, the
amount of metribuzin sorbed by soil 2 was lower than soil 1 which was probably owing to the different organic
matter content of the soils.

Conclusions: The effects of DOM on metribuzin sorption were dependent on the characteristics of soils and
the concentrations of present DOM. In general, metribuzin sorption by the soils was inhibited in the presence of
DOM. Metribuzin sorption by the soils also decreased with increasing the solution pH in the absence and present
of DOM. The results of the study will be useful for the better understanding of the behavior of metribuzin in
soils and its ecological risks.

Keywords: Herbicide, Metribuzin, pH, Soil organic mattert
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Table 1- Mine wastes Ratio used to apply the
contamination levels

(p S 22 05 o) Sl Tobw 71 ime Olaslis

Contamination levels (mg/kg) ~ Mine wastes(%6)

0 0
500 1.57
1000 3.53
1500 55
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Table 2- Summary of sequential extraction method proposed by Tessier et al (1979) to determine the chemical form of zinc.
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S Chemical forms Time(h) Temreture(°c) Soil(g)/ Solution Used solution
& Volume(ml)
1 Pl JB 1 25 16.2 MgCI2 (1mol/l), pH=7
Exchangeable
2 Carbonatels s 8 5 25 16 NaOAc (1mol/l), pH=5
Fia g oal (slaus] NH,OH.HCI(0.04 mol/l)
3 Iron and Manganese 6 96 16 in HOAC (%25 v: v),
Oxides pH=2
3ml HNO; (0.02 mol/l), 8
4 JI 55 85 16 ml H202 (%30), pH=2, 5
Organic : ml NH,4OAc (3.2 m(_)l/l)
V)/HNO; (%20 v in
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Table 3- Some characteristics of studied soils and mineral wastes

8 SK 2yl
N3 .
N T Soil number
Yy o
Q . .
3 g Slals
i’g S 1 2 3 4 5 6 7 8 9 10
S Mine
@ wastes
- 7.49 7.31 7.42 7.15 7.59 7.53 7.39 7.20 7.53 7.59 7.42
CEC 12.89 9.36 5.99 9.36 8.83 8.47 8.65 12.19 1166 12.36 2.03
(Cmol/Kg)
OC (%) 0.47 0.39 0.47 0.43 0.40 0.51 0.51 0.40 0.40 0.43 0.02
0,
Sand (%) 20.60 30.00 38.00 30.60 42.60 29.00 32.60  58.60 8.60 34,60 74.60
Clay (%) 29.04 28.00 28.00 21.04 '3.04 Y3.00 29.04 17.04 47.04 21.04 9.04
Silt (%) 50.36 42.00 34.00 48.36  44.36 48.00 38.36 24.36 44.36 44.36 16.63
clay clay clay clay sandy silty sandy
Texture loam loam loam Loam  Loam  Loam loam loam clay Loam loam
EC (ds/m) 1.05 4.56 7.98 1046 1351 1.73 491 8.01 10.09  3.68 7.97
ca®* (meg/l) 6.90 6.90 35.50 55.00 50.00 10.25 32.00 34.00 33.00 38.00 38.20
2+
(rlrgqll) 1.60 12.50 20.00 2650 25.00 475 17.00 Y9.00 28,50 23.00 24.60
4
(n']\;”) 0.68 3.45 1880 16.86 56.56 1.63 1.42 17.41 38.32 68.36 7.98
K*(meg/l) 0.16 0.73 0.99 5.97 3.16 0.35 0.54 131 1.69 2.01 1.47
CI" (meg/1) 2.00 15.20 26.80 40.80 129.00 1.20 9.20 45.60 70.40 24.80 16.60
(Fr:SaS/gl) 2.30 3.00 2.80 4.40 1.50 2.90 2.40 3.90 1.70 2.60 2.80
CO; (meg/l) 0.20 0.40 0.80 0.4 0.2 0.2 0.40 0.60 0.20 0.40 0.40
CaCO,
(meg/l) 10.21 9.85 3.88 10.18 9.98 10.24 9.89 10.18 10.14 10.23 8.71
SO, (meg/l) 6.24 27.59 44.88 58.73 3.80 12.68 38.00  30.00 29.60 357 53.78
ZnDIPA 470 073 08 074 079 073 074 090 076 069 -
(mg/kg)
Zn total 7219 10000 11656 11188 8219 80.31 93.19 75.00 100.31 25500
(mg/km) 95.63
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Table 4- The concentration of zinc chemical forms in different soil samples

s P ) »
oy sy Exchangeable oS .S S awledly sxiladly  Olesdl
S 5o/ Carbonate Oxides Organic  Residual Non Residual
Zinc Residual
Fractions g g 2o 1D
Number of P IS 2 05 o "
soil mg/kg 0
1 1.75f 133.45 de 20.69d 121.02b 540.03 bcde 33.89 66.11
2 1.89 ef 111.70d 27.82 bc 108.02 cd 533.50 cde 3151 67.39
3 1.97 de 164.90 b 103.96 a 141.93 a 472.00 f 46.65 53.35
4 1.90 ef 131.01¢ 31.26 b 117.81 bc 550.50 bed 33.87 66.13
5 2.64a 107.67d 7.28¢ 94.81d 568.97 abc 27.18 72.82
6 2.09 cd 130.82 ¢ 22.13 cd 119.82 be 501.69 def 35.39 64.61
7 2.29b 183.24a 30.39 be 98.32 de 49491 ef 38.84 61.17
8 2.30b 9.56¢€ 8.72¢ 89 97 ef 610.59 a 24.38 75.62
9 2.20bc 161.58 b 9.22¢ 86.03 ef 506.44 def 33.84 66.16
10 1.96 de 119.25d 9.13¢ 80.91f 587.16 ab 26.46 73.54
WSS 53 (59, otlonsd SIS 52 (59, (29T ilioo Zghans ;31 -5 Sy
Table 5- Effect of different levels of zinc contamination on Zn chemical forms in soils
. 2] gbawsT .
tloosd SIS OF SR pe
(o Y b SleS | e J el sxile,dl sailogdly ool
e fi Exchangeable ~ Carbonate ronan Organic Residual Residual
S95 2 9 Manganese g Retli(()jrlljal
Zn Fractions / Oxides
level of Zn PR S ke o)
contamination
mg/kg %
0 1.66 d 3.56d 240bd 1.44d 1.65d 10.00 90.00
500 1.99¢ 88.51¢ 13.45¢ 68.06 ¢ 321.66 ¢ 34.60 65.40
1000 2.24b 166.85b 36.78 b 159.13b 6776 b 35.01 64.99
1500 251a 248.76 a 55.71a 222.82a 1065.47 a 33.21 66.79
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Figure 1- The Concentration of Zn chemical forms in different levels of soil contamination
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Figure 2- Effect of different contamination levels on Zn chemical forms in soils
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Figure 3- Zn concentration in different chemical forms of
soil samples
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Table 6- Simple correlation coefficients between different forms of zinc and some soil properties.
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S
0.698** 1
Carbonate
5)3525 0219  0532% 1
i
Orja e 0.605%* 0.856%* 0.740%* 1
o.5loudls
o 0.741%*  0.833** 0.440%* 0.870** 1
Residual
S 0.730%*  0.921** 0.539** 0.923**  (.985** 1
total Zn
@l el s, 0.446%%  0.819%% 0476%% 0.672%% 0.635%*  0.687** 1
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Introduction: Zinc is one of the essential micronutrients for plants, mining and industrial activities leading
to pollution of heavy metals, including zinc metal contamination in soils. In addition to the total concentration,
knowledge of the Zinc fractions is necessary to assess the mobility of zinc in the soils. One of the sequential
extraction methods is Tessier method. sequential extraction with plant cultivation simultaneously, is the
appropriate approach for assessing the mobility of toxic metals. Therefore this study was conducted to evaluate
the chemical forms and determine their relationship to the physical and chemical properties of soils in some
fields under cultivation in Khorasan Razavi province.

Materials and Methods: The experiment was conducted in a completely randomized design with factorial
arrangement includes 4 levels of contamination (0, 500, 1000 and 1500 (mg/kg)) and 10 soil types from different
regions of Khorasan Razavi province of 0-30 cm depth in the range of electrical conductivity 1 up to 15 ds/m,
with three replications at Research greenhouses of Ferdowsi University of Mashhad. An example of mining
waste was prepared as a source of pollution. The soil samples were kept at field capacity moisture for 6 months.
Then air-dried soil samples were used for planting borage and determine the Zinc fractions. Then soil samples
were air dried and used for planting borage and determining the Zinc fractions. Texture, cation exchange
capacity, organic carbon, electrical conductivity, pH and Available phosphorus and potassium were measured in
the saturation extract. DTPA-extractable Zinc was measured by atomic absorption spectrometry. Borage was
planted in greenhouses in 3 kg pots with three replications. During flowering, the plants were harvested and dry
digestion method was used to measure the concentration of Zinc. Chemical forms and Pseudo total concentration
of zinc in the samples were determined using Tessier and digestion by HCI and HNO3 acids (3:1) methods
respectively. The concentration of the extracts was measured by atomic absorption spectrometry. Statistical
analysis was done using Minitab and Excel softwares.

Results and Discussion: Chemical Forms Average of zinc in soils was as follows:

Exchangeable < iron and manganese oxides < organic < carbonate < residual

Despite the low percentage of organic matter in these soils, in high levels of Zinc contamination a large
amount of zinc was saved. Lack of organic Zinc, in addition to the low amount of organic matter soil is related to
the dominance of iron oxides. In high levels of soil contamination, increased concentrations of zinc in all
fractions, especially organic and carbonate which leads to an increase in the availability of zinc, is a serious
threat to environment. The amount of exchangeable zinc was insignificant. Also the exchangeable, forms a small
part of total amount of metal in the soils. The correlation between the chemical forms with each other and with
the pseudo total, absorbed by plant roots and shoots and extracted with DTPA together, was significant. Absence
of correlation between the exchangeable and iron and manganese oxides is probably indicative of the fact that
the main supplier of soluble and exchangeable zinc normally after carbonates are iron and manganese oxides,
that have little role in these soils. There is a significant positive correlation between different fractions of zinc
with each other and this indicate a dynamic relationship between the zinc chemical forms in the soil. Correlation
coefficients between plant available and chemical forms of zinc showed that plant available zinc derived from all
fractions. A higher correlation coefficient between the plant available with carbonate and organic zinc was
obtained, which indicates that carbonate and organic are the major suppliers for available plants zinc.

Conclusion: In this study, the residual, carbonate and organic fractions are dominant form of zinc in soils,
respectively. With increasing level of contamination, percentage of residual zinc decreased and percentage of
other fractions increased, particularly organic and carbonate. Increasing the availability of zinc, is a threat to the
environment. There is a high correlation coefficient between different fractions of Zinc with each other and with
the pseudo total, amount of plant and available plant zinc showed that there is a dynamic relationship in the soil
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systems. There is a higher correlation coefficient between the available zinc and carbonate and organic fractions
of soils, which indicate available plant zinc, are mainly derived from carbonate and organic fractions.

Keywords: Borage, Chemical forms, Contamination, Correlation, Mineral waste, Soil, Zinc
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Table 1- Concentration of selected elementsin the soil used for this study

B o $9) C}""i L d o <l S olyys o (o 0 oS ot Uy
&9 i 5 g5 g5 oo Jglme  Jgle Jglw  Jge  Jgbe
Property Total Total Total Total Soluble  Soluble Soluble Soluble Soluble  Soluble

Cu Zn Fe Pb HCO3 CO3* Na* Mg?* Ca* K*
soly } 1
mg kg* mg L
Unit (mg kg™) (mgL™)
his 1411 62 2955 214 56 0.8 23.8 04 12 0/0
Value
B (o) S (lonndy (38 (B Shg (AT Jgu>
Table 2- Selected physico-chemical properties of the soil used for this study
SR ) S
Property Unit Value
o 1
k 323
Sand 9 g
o
- kg? 403
Silt 9¥d
o) -1
k 274
Clay 99
Bl K £y
Texture class Loam
oo -1
. k 26.9
Organic matter 9 g
S Jols plbes
Cation exchange capacity (CEC) cmol kg™ 221
Sopsdl colas 1
ds 25
Electrical conductivity (ECe) m
Joles eaanlS @lis S 0
. . % 30.5
Calcium Carbonate Equivalent °
e 8.1

Ph
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Figure 1- Root colonization percentageat different levels of Pb in sail
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Means similar letter(s) are not significantly different at 5% probability level, according to the Duncan’s -test at 5% probability level
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Table 3- Variance analysis of the tr eatments effects on shoot length and dry weight of shoot and r oot
Ol pants @lio il an ol g5 ol L SWid 59 iy y SWiS 39

SOV df Shoot length Shoot dry weight Shoot dry weight
‘f”*’” 2 83.69" 5.15" 6.27"
Microbe
= 3 313.27" 7.49" 417"
Lead
G X g ySo - o o
LeadxMicrobe 6 4.97 0.46 0.26
s 22 0.65 0.033 0.054
Error

9 PGPR AMF 5l log j3 SB 45 O 555055 zokamw 53 0LS duiny 5 2, lud LG SWid (439 9 0l L (65150 cpaSile (39031 —€ Joua
KEW

Table 4- Mean comparison of shoot length and dry weight of shoot and root at different levels of soil Pb in control, PGPR and
AMF treatments

SK 4y 000 039331 O gur JS Control PGPR AMF

Total Pb added to soil o)ludls 55l
(mg kg?) Shoot length (cm)

0 24.3 + 0.18%° 28.8 + 0.45%2 27.3+0.6122
250 21.7 + 0.75P¢ 24.4 + 0.13>° 26.3 + 0.78%2
500 18.2 + 0.78%¢ 20.8 £ 0.11¢P 24.7 + 0.87°2
1000 9.7 + 0.629b 13.2 + 0.62¢P 16.6 + 0.13%2
Mean 18.48C 21.8B 23.73A

oludls S o35
Shoot dry weight (g pot™!)

0 4.19 £ 0.223b 4.73 £ 0.2132 4.67 £ 0.3022
250 3.42 + 0.180P 4.40 + 0.14°2 4.63 £ 0.162
500 2.48 + 0.25%0 4.13 + 0.06°2 4.49 £ 0.1222
1000 1.83 + 0.234¢ 2.24 + 0.06%° 3.24 + 0.08°2
Mean 2.98B 3.88A 426 A

Adyy SS9
Root dry weight (g pot™)

0 2.98 + 0.2730 4.74 + 0.25%2 4.68 £ 0.1132
250 2.70 £ 0.38%b 3.80 £ 0.29°2 4.06 + 0.17°2
500 2.21+0.18°¢ 3.02 £ 0.17¢P 3.55+0.12%2
1000 2.06 + 0.06°° 2.44 £ 0.2200 3.24 + 0.08%

Mean 249B 3.50A 3.88A

sl Cd 2 g gt 253 (PS1-0) )l ST oaind 0Li5 i3 4y 20 50 555 2 p9 9 J5l sVl B>
)85 (PS/40) (gl me AT SSly glaials wi> 099)'1 ool g S ydie g ghyld ola (Sl
The first and second superscript |etters on each number indicate significant different at 5% level in each row and column,
respectively
Means similar letter(s) are not significantly different at 5% probability level, according to the Duncan’s -test at 5% probability level
(n=3)
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Table 5- Variance analysis of the treatments effects on chlor ophylls and car otenoids

Olpdd il (331 42 a Jadg 5 b Juds 5 ath Judg 5 Mgy,
SOV df Chlorophyll a Chlorophyll b Chlorophyll a+b Cartenoid
f”"" 2 0.114" 0.038" 0.284"" 0.03"

Microbe
o 3 1578 0.518" 3.905" 0.11
Lead
s x uﬁ)sm ns ns ns ns
L eacMicrobe 6 0.019 0.006 0.047 0.0004
s
22 0.011 0.004 0.027 0.001
Error

5| S0t PGPR 5 AMF (sl jlos > ol s ol ol pals
sbaojlul (g Fuie olgice crlple (V0 Joi2) 39 2ald o
SAMF L oad (Sjanle plals ) bassis)lS 5 La sy s
Olysdr olS olusld )3 yaie (ol e (92 Sk 4 |, PGPR
gy (gailod guls (V) o o by Juds IS 3w )d Sgo yuolic
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s ol AMF Sjasle ol L (YF) o) 5 L iagh
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Table 6- Mean comparison of chlorophyllsand carotenoids, at different levels of soil Pb in control, PGPR and AMF

treatments
S o0l 039 38] g IS Contral PGPR AMF
Total Pb added to soil a Jdy k8
(mg kg?) Chlorophyll a (mg g*Fw)

0 2.91 + 0.10%0 3.63 £ 0.25%2 3.15+ 0.147P
250 2.31 + 0.05P2 2.51 + 0.29%a 2.62 + 0.02va
500 1.73+0.13%2 2.00 + 0.170a 2.09 + 0.03¢%2
1000 1.04 + 0.02¢0 1.28 + 0.22°2 1.42 + 0.04%2
Mean 2.00B 236 A 2.32A

b ubs,ls
Chlorophyll b (mg g*FW)

0 1.67 + 0.06%¢ 2.08 + 0.0822 1.91 + 0.08%°
250 1.32 + 0.03°2 1.44 + 0.11°2 1.50 + 0.14°a
500 0.99 + 0.08°P 1.14 + 0.022 1.21 + 0.04°%2
1000 0.60 + 0.03%° 0.73 + 0.0292 0.82 + 0.03%2
Mean 1.35B 135A 136 A

atb 5,1
Chlorophyll at+b (mg g*Fw)

0 4,58 + 0.15%¢ 5.71 + 0.2222 4,96 + 0.243P
250 3.64 + 0.08°° 3.95+ 0.1302 4.12 + 0.28%2
500 2.73+0.21°0 3.15 + 0.04¢%2 3.29 + 0.11¢°2
1000 1.64 + 0.03%P 2.01 + 0.06%2 2.25 + 0.09%a
Mean 3.15A 3.71A 3.66 B

5958
Carotenoid (mg gtFW)

0 0.26 + 0.013° 0.32 + 0.0222 0.29 + 0.025%®
250 0.19 + 0.030P 0.25 + 0.05°2 0.26 + 0.02%2
500 0.15 + 0.03%2 0.18 + 0.04%2 0.21 + 0.032
1000 0.11 + 0,019 0.13 + 0.02¢92 0.15 + 0.0192
Mean 0.18B 0.22 A 0.23 A

SBly e y) y g Gt o 3 (PSe/-0) ylol BUBT oimd (L5 i 335 1 595 2 p92 9 ol sVl By >
)85 (PS+/40) (gl re BT SSly (glaials six L'Jyaj ool g S yidie g ghyls (ola (Sl
The first and second superscript letters on each number indicate significant different (P< 0.05) in each row and column, respectively.
Means similar letter(s) are not significantly (P< 0.05) different according to the Duncan's multiple range test
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ol 3 0lS Aty e 3,558 s 4 Vsl PGPR § AMF
St 3 <l S0t JUisl g i aon 35 (F Jgiz) bojles
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9 0l ) (9= ke Olssd (95 sbayless
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Table 7— Variance analysis of the treatments effects on leaf relative water content, proline and soluble sugars

S, i Soof VSR | -
OlpdS gile g3l an L” it at’ odan Jolows (slau3
SOV df eat reiative water Proline Soluble sugars
content
‘f”‘f" 2 405.37"" 4.69™ 1.626™
Microbe
e 3 242.95™ 22.62" 6.732"
Lead
o X 0950 s - -
LeschM icrobe 6 16.955 0.511 0.445
ks 2 33181 0.057 0.004
Error

2L 9 PGPR AMF (sl )losi )3 SB 0 pa (195U Tobauw )3 Jglono (BB g (g0 5 52 O oo b 91 (565ko (o903 A Jgo
Table 8- Mean comparison of leaf relative water content, proline and soluble sugar s, at different levels of soil Pb in contral,
PGPR and AMF treatments
Control PGPR AMF

Sl s a5 gl

S a0l 039381 Oy JS
Total Pb added to soil

(mgkg?h) Leaf relative water content (%)

0 74.62 + 4.76%2 78.74 £ 2.1372 78.34 + 1.29?2
250 70.31 + 3.0122 75.82 + 2.32%2 77.41 + 2.48%2
500 66.66 + 4.15%>2 73.41 + 1.5072 74.98 + 3.39?2
1000 60.65 + 6.05*2 69.81 + 6.38*2 71.50 + 3.9472
Mean 68.06 A 7445 A 75.56 A

o
Proline (mg gDW)

0 0.36 + 0.06%2 0.39 + 0.0292 0.43 + 0.1192
250 1.21 £0.13°P 2.11+0.19% 2.63+0.20%
500 1.93 £ 0.12°0 3.76 £ 0.12°2 3.82 £ 0.11°2
1000 3.32+0.1130 4,93 + 0.4132 4,94 + 0.1434
Mean 171B 2.80A 296 A

Jslome slans
Soluble sugars (mg g*DW)

0 1.37 + 0.09% 1.35 + 0.25%2 1.46 + 0.1142
250 1.54 + 0.13°b 1.94 + 0.24°2 181 +0.17%2
500 1.98 + 0.08°° 2.64 + 0.110a 2.56 + 0.12ba
1000 2.33 £ 0.06%P 3.86 + 0.1924 3.92 + 0.0822
Mean 176 B 245A 244 A

sl Cind) g st 0 (Pe/00) (gylol SMST osimd (i i 338 8 555 1 p9 9 gl gVl B9 >
KRy (PS~/~Q) Lg)lbul.u M| OS.I]) slaels > O}a}] U»L.:l » LS):.AM 35)> L;l)b dl.taufqlm

The first and second superscript |etters on each number indicate significant different (P< 0.05) in each row and column, respectively

Means similar letter(s) are not significantly (P< 0.05) different according to the Duncan's multiple range test
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Table 9- Variance analysis of the treatments effects on shoot Fe, Zn and Pb concentration
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SOV df - A .
concentration concentration concentration
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o X 9,8 " o
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Table 10- Mean comparison of shoot Fe, Zn and Pb concentration at different levels of soil Pb in control, PGPR and AMF

treatments
SB 4 00w 03938 @ gur JS Control PGPR AMF
Total Pb added to soil o sl ool clale
(mgkg?) Shoot Fe concentration (mg kg™)

0 113.19 + 3.823¢ 164.01 + 7.5122 135.81 + 3.54%P
250 93.17 + 2.16°° 132.15 + 1.69°2 102.07 + 1.710°
500 70.15 + 2.97¢¢ 109.58 + 5.09%2 91.97 + 6.59°P
1000 52.63 + 3.05%¢ 82.76 + 4.88%2 67.44 + 3.819°
Mean 82.29C 12219 A 99.32B

oyl (g9, clale
Shoot Zn concentration (mg kg™)

0 30.17 + 2.183¢ 50.92 + 1.7434 46.15 + 1.27%0
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Mean 2416 C 36.91 A 31.59B

oyl li oy clals
Shoot Pb concentration (mg kgt)

0 0.34 + 0.07%¢ 2.35+ 0.28%2 1.79 + 0.11¢P
250 6.93 + 0.83%P 16.21 + 1.59%@ 15.81 + 2.01°2
500 12.07 + 0.69°° 20.35 + 0.63°2 21.86 + 2.8972
1000 21.64 + 1.19¢ 30.64 + 2.8732 24.29 + 0.822b
Mean 10.25B 17.39 A 15.94 A
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B85 (P /40) (53 sine OS] 531 (glaiols din yg0)] bl s S o gy gyl (sl il
The first and second superscript |etters on each number indicate significant different (P< 0.05) in each row and column, respectively
Means similar letter(s) are not significantly (P< 0.05) different according to the Duncan's multiple range test
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Introduction: Recently, due to enhancement of industrialization, urbanization and disposal of wastes,
fertilizers and pesticides the concentration of heavy metals (HMs)in agricultural soil has increased. Heavy metals
are serious threat for environment due to their hazardous effects. Lead (Pb) is one of the toxic heavy metal that
threats the health of plants, living organisms and human. Excessive Pb concentrations in agricultural soils result
in decreasing the soil fertility and health which affects the plant growth and leads to decrease in plant growth.
Plants simultaneously exposed to Pb suffer morphological, biochemical and physiological injury. Pb adversely
affect plant absorption of essential elements, chlorophyll biosynthesis and shoot and root growth. Arbuscular
mycorrhizal fungi (AMF) and plant growth-promoting rhizobacteria (PGPR) are known to enhance nutrient
uptake and improvement of plant growth and tolerance in heavy metal contaminated soils through different
mechanisms including producing low molecular weight organic acids, siderophore, antibiotics and hormones.
The objective of this study was to evaluate the effect of AMF and PGPR on yield, leaf relative water content
(RWC), some biochemical properties and uptake of Pb, Fe and Zn by Hyoscyamus (Hyoscyamus niger L.) under
soil Pb contamination.

Materials and Methods: This study was carried out in greenhouse condition as a factorial experiment based
on a randomized complete block design with two factors including Pb concentration (in four levels) and
microbial treatment (in three levels including arbuscular mycorrhizal fungi, plant growth-promoting
rhizobacteria and control) and in three replications. Consequently, a soil was selected and spiked uniformly with
concentrations of Pb (0, 250, 500 and 1000 mg Pb kg* soil). The contaminated soil was then sterilized and
inoculated with the selected species of arbuscular mycorrhizal fungi (a mixture of Glomus species including G.
intraradices, G. mosseae and G. fasciculatum) or plant growth-promoting rhizobacteria (a mixture of

Pseudomonas species includeing P. putida, P. fluorescens, and P. aeruginosa). Seeds of Hyoscyamus niger L.
plant were grown in pots containing the Pb spiked soil. At the end of growth period shoot length, dry weights of
root and shoot, Fe, Zn and Pb concentration in shoot, and some biochemical and physiological properties of plant
including relative water content (RWC) chlorophyll a b and total chlorophyll, carotenoids, proline and soluble
sugars, were measured.

Results and Discussion: Results indicated that with increasing soil Pb concentration, dry weights of root and
shoot, shoot length, photosynthetic pigments contents (chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids), shoot Fe and Zn concentration decreased, while proline and soluble sugars contents and the shoot

Pb concentration increased. With increasing of soil Pb concentration, relative water content decreased, however,
this reduction in concentration of 1000 mg Pb kg? soil was not significant (P > 0.05) in compared with
concentration of 1000 mg Pb kg soil. Amounts of all measured properties in AMF and PGPR treatments were
higher than that control treatment. The highest values of shoot weight and root weight, were observed in plants
that inoculated with AMF. The lowest shoot weight was recorded in non-inoculated plants that were grown
under 1000 mg Pb kg?! soil concentration. In this study Arbuscular mycorrhizal fungi and plant growth-
promoting rhizobacteria inoculation led to a significant increase (P<0.05) in shoot length (12.9 -71.1%), shoot
dry weight (11.5 — 81%), root dry weight (18.4 — 60.6%), chlorophyll (8.5 — 36.5%) and carotenoid (11.5 —
40.0%) pigments, proline (55 — 115.7%), soluble sugars (17.6 — 72.2%) and shoot Fe (9.5 — 57.2%) and Zn (25.0
— 165.5%) concentration in shoot at different levels of soil Pb. The highest and lowest amounts of shoot Fe, Zn
and Pb concentration observed in AMFand control treatments respectively. Plant growth promoting
rhizobacteria were more effective than arbuscular mycorrhizal fungi in shoot Fe, Zn and Pb concentration, while
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the mean of shoot length and shoot and root dry weight was higher in plants that inoculated with AMF compared
to ones inoculated with PGPR. In genera, therewere not significant (P < 0.05) differences in amounts of
chloraphyll (chlorophyll a, b and chlorophyll at+b) and carotenoids pigments, proline and soluble sugars between
AMF and PGPR treatments.

Conclusion: It could be concluded that microbia inoculation (mixture of AMF and PGPR species) with
improvement of plant biochemical properties results in improved Hyoscyamus niger L. yield and increased
tolerance to Pb toxicity. Thus, the use of microbial inoculation (mixture of AMF and PGPR species) inoculation
might be suggested for enhancement of plant tolerance in Pb contaminated soils.

Keywords: Arbuscular mycorrhizal fungi, Biochemical properties, Pb toxicity, Plant growth promoting
rhizobacteria
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Table 1- Some physical and chemical properties of the soil and manur e used
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Orc: field capacity, Phy: total Pb, Pbac.: accessible Pb (DTPA), OC: organic carbon, and Nt total nitrogen
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Table 2- ANOVA results (mean square values) for the effect of salinity, Pb pollution and manure on soil electrical
conductivity (EC), pH and accessible Pb (Pbacc)

i gl o
Sources of variation df EC pH Phace
Pollution (P) 1 0.223(0.21) 0.003°(0.16) 47.877(0.99)
Salinity (S) 2 210"(0.99) 0.014"**(0.66) 0.391""(0.71)
Pollution (P) 1 8.90""(0.91) 0.366"""(0.96) 0.580"""(0.64)
PxS 2 0.01"%(0.01) 0.001"5(0.09) 0.152""°(0.48)
PxM 1 0.151°(0.15) 0.001"5(0.05) 0.695""(0.68)
SxM 2 0.090°(0.125) 0.002°(0.19) 0.038°(0.19)
PxSxM 3 0.002"(0.01) 0.001°(0.15) 0.188"(0.54)
(Error) s 36 2.30x102 4.14x10* 9.00x103
(#)CV. - 3.22 1.26 5.82
(%) Jsw R? - 99.8 96.4 99.4
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*

The numbers in parentheses indicate the amount of Eta?p { SSeffect/ (SSeffect + SSerror)}. ™, *, ** and ™" indicate non-significance and
significance at levels 5, 1 and 0.1% respectively.
Q Data were normalized
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Figure 1- Theinteraction effect of salinity and manure (A) and Pb pollution and manure (B) on soil electrical conductivity
(EC¢). Means (na=8 and ng=16) followed by the same letter are not significantly (P<0.05) different between salinity, pollution
and manur e levels accor ding tothe LSD’s test. S0, S1 and S2 are control, 4 and 8 dSm-, respectively. PO, control; P1, 30 mg
kg* Pb, MO, control and M 1 with 4% (w/w) manure. Error barsindicate SE of the mean
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Table 3- Theinteraction effect of salinity, Pb pollution and manure on soil pH and accessible Pb

395 sl @ Tolaw 9 Tolaw pH Pbace
Manuretreatment (%)  Pb levels (mg kg %) Salinity levels (dSm™) (mgkg™)
S9 355 (g 0 Control 7.53+0.008G  1.240.05F
Without cow manure 4 7.56x0.015EF 1.47+0.05E
8 7.57+0.006EF  1.56+0.07E
30 Control 7.54+0.007FG  12.07+0.39B
4 7.55+0.017FG  12.79+0.39B
8 7.58+0.011E 15.01+0.43A
S92 L 0 Control 7.70£0.006D  1.46+0.07E
With cow manure 4 7.73+0.013C 1.42+0.02E
8 7.74+£0.008BC  1.48+0.12E
30 Control 7.69+0.006D 5.34+0.37D
4 7.77+£0.133C  9.41+0.07C
8 7.79+0.004A 11.70+0.74B

LSD cynil obolyr 5315 355 5 (5390 539 Clisio g o )2 aita By s (N5) boSiben 2l o (SE) il (sl ol oty (1Y) (ks
(P>+/+0) L5l Hl> gxe iglis
The numbers are mean with standard error (SE). Means (n=4) followed by the same letter are not significantly between salinity,
pollution and cow manure levels according to the L SD test (P<0.05)
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Figure 2- Theinteraction effect of Pb pollution and manure (A) and salinity and manure (B) on the number of adult worms
in pot. Means (na=8 and ng=16) followed by the same letter are not significantly (P<0.05) different between salinity, pollution

and manur e levels accor ding to the LSD’ test. SO, S1 and S2 are control, 4 and 8 dSm-2, respectively. PO, control; P1, 30 mg
kg* Pb, MO, control and M 1 with 4% (w/w) cow manure. Error barsindicate SE of the mean
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Table 5- Theinteraction effect of salinity, Pb pollution and cow manur e on earthworm population, wet and dry weights of
earthworm and wet and dry weights of earthworm cast

o T g o T gl
Sy o Pb levels (mg kg 1) Pb levels (mg kg )
Salinity treatment 0 30 0 30
(dSm™) 98 355 (g &9 255 L
Without cow manure With cow manure
OB o SB e S Cmaxr
Earthworm population in pot
Control 14.0+£0.40F 11.8+0.47G 117+6.70A 101+0.62B
4 10.3+0.25H 9.3+0.25H 58.0+2.08D 72.0+2.67C
8 7.00£1.75I 5.7£0.237 45.2+1.79E 49.8+2.17E
SB lop S ogb e o
Earthworm wet weight (g pot™)
Control 1.00+£0.01F 0.93+0.01GH 4.84+0.06A 4.73+0.03A
4 0.97+0.01FG  0.92+0.01GH 3.74+0.08D 4.43+0.13B
8 0.91+0.03H 0.72+0.01I 2.49+0.04E 3.96+0.09C
SB slep S Sis o
Earthworm dry weight (g pot™)
Control 0.14+0.001E  0.13+0.001FG 0.78+0.005A 0.74+0.005AB
4 0.14+0.002EF 0.13+0.007 GH 0.60+0.008C 0.71+0.016B
8 0.12+0.002H  0.11+0.001l 0.38+£0.006D 0.74+0.021AB
sk e Y 9d8 (9
Cast wet weight (g pot?)
Control 13.57+0.2E 13.32+0.2E 43.67+0.4A 42.43+1.4A
4 13.45+0.1E 11.77+0.2F 28.54+0.5C 34.45+0.5B
8 11.83+0.1F 11.18+0.2G 22.62+0.1D 27.19+0.4C
Suid oYgad
Cast dry weight (g pot™)
Control 11.79+0.1F 11.55+0.1F 35.52+0.4A 34.03t1.4A
4 11.38+0.1FG  10.75+0.1H 24.36+£0.3C 27.11+0.5B
8 10.93+0.1GH  10.63+0.3H 19.32+0.6E 20.93+0.4D

Sglis LSD (9051 bl (698 365 5 (591 c(6y9 ilisrn prglaw oy liie GBgy> b (NTF) Lo uSilie il s (SE) 5 kil (slas ol yorrdy (N17F) :Sikie dlas]
(P>+/+0) 1)) 5 xo
The numbers are mean with standard error (SE). Means (n=4) followed by the same | etter are not significantly (P<0.05) different
between salinity, pollution and cow manure levels according to the LSD’s test
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Table 6- The nature of interaction effect of salinity and Pb pollution on population, weight and activity of the earthworm E.

fetida
e Manu‘rseatia;r:;t (%)

Treatment —5 4 0 4 0 4 0 4 0 4
Copnor gbye 0 S Y 9ab osbye (i Y gl S (s
population Wet weight Dry weight Cast wet weight Cast dry weight
S1 0.27 0.51 0.03 0.23 0.03 0.23 0.01 0.03 0.03 031
P 0.16 0.13 0.07 0.02 0.07 0.04 0.02 0.35 0.02 0.04
(Yoo 0.34 0.39 0.08 0.09 0.08 0.08 0.13 0.21 0.09 0.24
(Ys)p 0.39 0.57 0.10 0.24 0.09 0.26 0.03 0.36 0.05 0.34
t statistics ~ -1.72 -6.45 -3.72 -5.04 0.54 -7.62 4.20 -4.62 1.65 -2.79
pvaue p>0.05 p<0.001 p>0.05 p<0.01 p>0.05 p<0.001 p<0.01 p<0.01 p>0.05 p<0.05
Closo 0.057 0.073 0.022 0.088 0.017 0.068 0.042 0.035 0.037  0.059
Interaction ~ ADD ANT ADD  ANT ADD ANT SYN ANT ADD  ANT
S2 0.50 0.61 0.09 0.49 0.12 0.51 0.13 0.48 0.07 0.46
P 0.16 0.13 0.07 0.02 0.07 0.04 0.02 0.03 0.02 0.04
(Yo 0.60 0.58 0.28 0.18 0.18 0.05 0.18 0.38 0.10 0.41
(Yo)p 0.58 0.67 0.15 0.50 0.18 0.53 0.14 0.50 0.09 0.48
t statistics  -1.31 -2.22 4.47 -1.03 -1.33 -16.62 0.42 -6.39 0.09 -2.13
pvaue p>0.05 p<0.05 p<0.01 p<0.01 p>0.05 p<0.001 p>0.05 p<0.001 p>0.05 p<0.05
Closo 0.054 0.059 0.033  0.058 0.089 0.087 0.054 0.031 0.084 0.37
Interaction  ADD ANT SYN ANT ADD ANT ADD ANT ADD  ANT

)

oy 2,59l 3 pyS o Yo S0Py p uiesjod A 9 ¥ (5y9 gobaw S2 9 S1 (1R =L) A (INhibitory ratio) (S.,lajh cuud Jgao 505 dlacl
6312)S ot [SYN (513,850 AANT ((I38l0n) Liliie 51 90 :ADD ¢ jiiSen ys g :Interaction «luab! as :Closys c0dds (gim s 51 (Y p)p coddbosnliin 51 (Y g)o

bl=nk—troatmeont

The numbers are nhibitory ratio (L = ————————) S1and 2 are4 and 8 dSm™; P, 30 mg kg™ Pb; (¥ s5)o: observed
effect; (Ys)p: predicted effect; Close: confidence interval; ADD: Additive; ANT: Antagonism and SYN: Synergism
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Introduction: Salinity and pollution are two environmental stresses that individually influence the
population, growth and activity of earthworms as soil bioengineers. It is well-known that the population and
activity of these organisms are mostly reduced or even their activity and growth can be stopped in polluted and
sdline soils. The individual effects of these abiotic stresses on earthworms, however, depend on the level of
salinity, pollution and organic matter. Nonetheless, the joint or combined effect of these stresses on earthworms,
especialy in arid and semi-arid areas, is poorly known. Because of the importance of earthworms in soil
ecosystem, the study of salinity and pollution interactions on earthworm population and activity to reduce their
detrimental effects using organic materials is essential. The aim of this study was to examine how salinity and
lead (Pb) stresses simultaneously affect the earthworms in soil ecosystem.

Materials and Methods: In this research, the interaction effect of salinity stress using sodium chloride
(NaCl) and Pb stress using lead nitrate (PbNO3) on the population, weight and activity of the earthworm Eisenia
fetida was studied under greenhouse conditions. This factorial experiment was carried out using 3 factors,
including Pb pollution (control and 30 mg kg? Pb), salinity (control, 4 and 8 dS m*) and cow manure (control
and 4% by weight) arranged in a completely randomized design with four replicates. The experiment lasted 13
weeks and earthworm’s population and activity including the number of adult worms, total earthworms, wet and
dry weights, and wet and dry weights of casts produced by earthworm were measured at the end of the
experiment. Concentration of DTPA (di-ethylene-triamine-pentaacetic acid) extractable Pb was also determined
to assess how salinity influences the accessibility of this metal in the soil. The Fisher’s least significant
difference test was used to determine the significance of any difference between the means values at 5% level
with the STATISTICA 8 software. The Bliss Independence Model was used to determine the type of interaction
between salinity and Pb pollution for each manure treatment.

Results and Discussion: The current results showed that increasing salinity level enhanced the accessibility
of Pb and subsequently its toxicity for earthworms. In contrast, addition of cow manure reduced the accessibility
of Pb by 22-50% at all sdlinity levels. Earthworm population, wet and dry body weights, and wet and dry
weights of casts produced by worms were all significantly (p<0.05) influenced by the interaction of salinity, Pb
pollution and manure application. Earthworm characteristics in Pb-polluted soils had the lowest values in the
presence of 8 dS m? salinity. Compared with the control, earthworm population tended to decline by 59%, wet
weight by 28%, dry weight by 18%, cast wet weight by 18% and cast dry weight by 10% in Pb-polluted soils
spiked with the highest salinity level. However, a reverse trend was observed with addition of cow manure, and
the effect of salinity was greater in polluted than unpolluted treatments. In polluted soils amended with cow
manure, 8 dS m! salinity reduced earthworm population (57%), wet weight (18%), and cast wet (38%) and dry
(41%) weights compared with non-saline soils. The nature of interaction between salinity and Pb pollution on
earthworm characteristics was often additive or synergistic in the absence of cow manure, but antagonism in the
presence of cow manure. Manure addition to this calcareous soil reduced to a large extent the harmful effect of
Pb pollution and soil salinization on survival of adult earthworms.

Conclusions: The earthworm species E. fetida was very sensitive to the interaction between salinity and Pb
stresses. The harmful effect of Pb pollution on earthworm depended largely on the salinity level and manure
addition. Salinity could synergistically increase the mobility, bio-availability and toxicity of soil Pb. Polluted and
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saline environments have a great potential to damage this earthworm species, however, manure addition could
reduce the positive interaction of salinity and pollution on E. fetida, and improve its population and activity. It is
concluded that the type of interaction between salinity and Pb pollution on E. fetida was additive or synergism in
manure-unamended soils, but was changed to antagonism in manure-amended soils.

Keywords: Casting activity, Environmental stresses, Joint effect, Pb accessibility
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Table 1- Specific activity of radionuclidesin agriculture and virgin soilsin Bg/kg

Ciyalis s S ubsi
Agriculture soils Virgin soils
ok Artn Ax “ged 5 Ath Ak
Sample code Sample code

S1 8745 8571 12982 SA 98.12 15.18 48.257
S2 20.48 76.70 55.937 SB 03.38 63.27 98.359
3 9451 64.68 93.973 SC 27.28 1842 42613
A 52.47 65.69 905.00 SD 17.28 13.43 56.620
S5 87.47 41.73 8.1018 SE 39.28 45.42 49.622
S6 8845 07.71 19.996 SF 51.20 46.39 58.589
S7 4544 19.70 23.944 SG 46.21 70.43 39.587
8 49.40 27.70 57.686 SH 60.61 98.60 58.866
S9 60.39 90.50 09.676 Sl 91.58 31.56 40.761
S10 86.42 46.69 87.978 SJ 07.58 01.51 73.785
S11 28.46 84.73 50.1094 SK 58.53 97.49 90.579
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Table 2- Radiological parameters of agricultural and virgin soils

Aigod &S ;

T S me me ocom DI DM MK ono
S1 22424 061 0.73  109.58 537.92 134.48 0.75 0.47
2 22158 0.60 0.73 107.93 529.81 132.45 0.74 0.46
3 225.09 0.61 0.75 109.69 538.47 134.62 0.75 0.47
4 216.8 0.59 0.71 105.5 517.87 129.47 0.72 0.45
S5 231.29 0.62 0.75 113.05 554.96 138.74 0.77 0.49
S6 22422 0.61 0.73 109.67 538.39 134.60 0.75 0.47
s7 21753 059 0.71 106.24 521.51 130.38 0.73 0.46
8 193.84 0.52 0.63 93.47 458.83 114.71 0.63 0.4
9 164.45 0.44 0.55 79.81 391.79 97.95 0.55 0.34
S10 21755 059 0.70 106.57 523.13 130.78 0.73 0.46
S11 236.14 064 0.76 115.92 569.07 142.27 0.80 0.50
SA 58.76 0.16 0.19 28.68 140.79 35.20 0.20 0.12
SB 105.26 0.28 0.39 50.08 245.85 61.46 0.35 0.22
SC 13581 0.37 0.44 66.49 326.40 81.60 0.46 0.29
SD 137.62 0.37 0.45 67.38 330.78 82.70 0.46 0.29
SE 137.01 0.37 0.45 67.11 329.44 82.36 0.46 0.29
SF 122.34 0.33 0.39 60.35 296.26 74.07 0.41 0.26
SG 129.17 0.35 0.41 63.46 311.55 77.89 0.43 0.27
SH 21553 0.58 0.75 104.11 511.06 127.77 0.72 0.45
Sl 198.06 0.53 0.69 95.32 467.94 116.99 0.66 041
SJ 19152 0.52 0.67 92.51 454,12 113.53 0.64 0.4
SK 169.69 0.46 0.60 81.01 397.68 99.42 0.56 0.35
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Table 3- Results of variance analyze: The effect of fertilization on the amount of specific activities of 2°Ra, 2*2Th, “K and
Raeq of virgin and agriculture soils

' 1399 2 SWodiind 0329 Cllad Jles 0329 Cdlad
i gle Specific activity of radionuclides ,
Variance source P30
26Rg 232 oK Radium equivalent
E5kS 5 e 28.21™ 281" 0.28" 5.69"

Virgin and agriculture
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Table 4- Comparison of the aver age effect of fertilization on the specific activity of 2°Ra, 22Th, 9K and the specific activity of
radium equivalent in Bq / kg

ol gy P Sjplis SB
Indicator kind Virgin soil Agriculture soil

226Ra 37.272+5.33 45542+ 1.07

22Th 43.18° + 3.67 69.09%+ 1.88
K 604.05°+ 52.93 926.712+ 39.41
Radium equivalent 145.52° + 13.67 215.702 + 6.06

t- olol oyl o I gine BB pis sl Bgy> Canl 0l plosl GBTus Cad)y yo gl duslis .l SE £ IS5V 4Ske Jodo J3h 23 2 ¥ g
(+/+0 Jloxs! pdaws ) teSt

3 A4S 05 druloe (/¥R 5 +/¥R) g (+/VY g +/OA) ci 5 4 S
S 5l i ZFY/AN § ZYAIYY Gy 4 gyl slaSs
Canl S

SingliS Sk By ()l pdplad sl padls
slaSLa 15 g «/VE L /00 o </5F B «/FF sdgime > sl &
Sl WS o puass /YO L /N 5 +[OA L +/VE B35 )3 S

5 ShliS slaSLs > (I3 5 ()5 (gpipld glapadls

BO/KG o 2 (g3 0] gl b W)gulS 51 6315 50 9 (65,9llS S 53 195 50 (Sl Cullad 0319 dmmlio -0 Jgi>

study in Bg/kg

Table 5- Comparison of specific activities of radionuclidesin agriculture and virgin soils between some countriesand this

Cisalis s
Agriculture soils

55 ol
Rl ARra Ath Ax P
Country name
el 3930 5300 454.00 v
Serbia
oSt 30.00 56.00 602.00 e
Pakistan
bl 4600 49.00 650.00 >
Spain
’*"}"‘I_' 5320 50.03 31100 A
Algeria
d”“", 80.63 116.87 200.66 VF
Malaysia
r;';’r: 4554 69.09 92671 Thiswork
S slass
Virgin soils
o 4400 5800 822.00 v
Yemen
by, 3480 4180 43270 X
Botswana
w7 1800 2200 210.00 ¥
Nigeria
o 3800 57.60 838.00 v
China
il 3700 5300 293.00 )
Malaysia
Iran ol 3727 4318 604.05 Thiswork
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Table 6- Comparison of radiological parametersin agriculture and virgin soils between some countries and this study

Ciyglis s
Soils Agriculture
S @ Row (Bakad He  Hi D AEDindoor (usyy) AEDoutdoor  AGDE  ELCR
Country name 2 (BAKG) He Hin (ngyn) WSYY) " suy) sy (x109)
‘-’L““’)“” 150.05 041 051 7148 350.89 87.72 0.49 0.31
Serbia
oSy
i 156.43 042 050 75.89 37253 93.13 0.52 0.33
Pakistan
Lsle!
i 166.12 045 057 80.16 393.50 98.38 0.55 0.34
Spain
2 _‘ 148.69 040 055 69.27 340.05 85.01 0.47 0.30
Algeria
<3 L’, 263.20 0.71 093 12047 591.36 147.84 0.80 0.52
Malaysia
s ol ol 21570 058 071 10522 516.52 129.13 072 045
Iran this work
S s
Sails Virgin
o 190.23 051 063 9269 455.03 113.76 0.64 0.40
Yemen
by 127.89 035 044 6122 300.55 75.14 0.42 0.26
Botswana
4’)"” 65.63 018 023 31.32 153.76 38.44 0.21 0.13
Nigeria
o 184.89 050 060 90.56 444,55 111.14 0.62 0.39
China
<3 l", 135.35 0.37 047 6354 311.93 77.98 0.43 0.27
Malaysia
s ol ol 148.91 039 049 70.59 346.53 86.63 0.49 0.30

Iran(this work)

il B
0.60
1 050
¥ o040
T2 030
* 0.20
x
3, & 0.10
3 o 0.00
X
_“5
s ]

COUNTRY NAME
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Figure 1- Comparison theresults of means of excess lifetime cancer risk factor (EL CR) in thisstudy and some countries
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Introduction: Humans are constantly exposed to ionizing radiation. Most of the radiations originate from
radioactive decay of natural radionuclides in the environment. Most of the ionizing radiations resulting from the
decay of natural radioactive series of 238U, 235U, 2%2Th and “°K radionuclides in soil, rock and water. The average
amount of uranium in the earth's crust is estimated 2.7 mg/kg that its amount increases up to 120 mg/kg in
phosphate rocks. Phosphate rocks are main row material of chemical fertilizers production. Chemical fertilizers
are chemical compounds that are used in order to increasing crops and improving properties of land. Yearly,
many different types of fertilizers are produced such NPK, phosphate, etc.. Even though fertilizers can improve
nutrient-deficient symptoms in farms but they contain heavy metals and radionuclides. Radionuclides in fertilizer
enter to the soils and directly or indirectly can be absorbed by human body by inhalation of the radon gaseous or
consumption of foodstuff. Radium salts with other salts are also dissolved in water and penetrate to deep layers
of soil and can cause groundwater pollution. The consumption of chemical fertilizers containing radionuclides
increases the radiological parameters of soils. Nuclear radiations is emitted from these elements are harmful to
the body's tissues and may cause diseases such as cancer or genetic abnormalities. Therefore, the investigation of
natural radioactivity contents in soils and radiological parameters are very important. In this research, the
specific activities of natural radionuclides in agricultural and virgin soil samples determined using gamma ray
spectrometry method in Arak and Saraband cities in Markazi province, Iran..For all samples, radiological
parameters were calculated and compared with world average and some countries.

Materials and Methods: In this study, twenty two samples of agricultural and virgin soils were collected in
different areas of Arak and Saraband cities of Markazi province in Iran, from surface up to 30 cm depth. The
weight of each sample was about 2 kg. After drying the samples at room temperature, they were powdered by
electric mill in the laboratory of Arak university. Soil samples were pulverized and passed through a 0.297mm
sieve. They were kept in oven for 24 h at 100°C in order to remove the moisture content. After that, 950 g of
each sample was packed in a Marinelli beaker container and sealed. Gamma ray spectra were registered after 50
days. The collected samples required particular care since radon is a short-lived gaseous nuclide and tends to
escape from the samples. In this work, standard containers were sealed. After the minimum 50 days of preparing
samples, gamma ray spectra were registered. This time is necessary for taking radioactive decay chain
equilibrium, in which the decay rate of the daughters became equal to that of the parents. Specific activity
measurements were performed by gamma ray spectrometry method employing high purity germanium (HPGe)
P-type coaxial detector (GCD30195BSI) manufactured by Baltic Scientific Instrument LTD (005-Latvia) with
30% relative efficiency, which was connected to a multi-channel analyzer of 8192 channels. The energy
resolution (full width at half maximum) of this detector is 1.95 keV for gamma energy line at 1332.520 keV due
to ®Co and a Peak-to-Compton ratio of 60, and operating voltage was 3000 V. The detector and preamplifier are
shielded in a chamber of three layers composed of 10 cm thick lead, 1.5 mm thick cadmium, and 3 mm thick
copper. This shield serves to reduce background radiation.

Results and Discussion: Based on the results, the specific activities of 2?°Ra, 2%2Th and 4°K radionuclides in
soil samples varied in the range (39.60-51.94), (50.90 — 73.84) and (676.09 — 1094.50) in agricultural soils and
(12.98 - 61.60), (18.15 - 60.98) and (257.48 — 866.58) in virgin soils, in Bg/kg. The mean specific activities of
corresponding radionuclides were obtained 45.54, 69.09 and 926.71 Bg/kg for agricultural soils and 37.26, 43.17
and 604.04 Bag/kg for virgin soils. For all results calculated and have been tested variety of variance which show
increasing in agriculture soil amount of 2*2Th and “°K compared with virgin soil. For ?%Ra, the significant
variation in probability level of 0.05 was not observed because of more mobility of radium salt than other salts
and penetration into deeper layers. The increases the amounts of studied radionuclids in agricultural soils
compared with average of worldwide virgin soils are 74.12, 72.30 and 131.68 percent, respectively. The average
absorbed dose in air calculated for agricultural and virgin soils that obtained 105.22 and 70.59 in nGy/h,

1 and 2- Associated Professor of Physics and M.Sc of Nuclear Physics, Department of Physics, Faculty of Science,
Arak University, Arak
(*- Corresponding Author Email: r-pourimani @araku.ac.ir)
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respectively. The average of Annual Gonadal Dose Equivalent (AGDE) and Excess Lifetime Cancer Risk
(ELCR) for agricultural and virgin soils were obtained as (0.72 and 0.48) and (0.45x10° and 0.29x103),
respectively. For virgin soil samples, radiological parameters were in good agreement with mean world value but
in agricultural soil samples, increase was observed compared to virgin soil and agricultural soils of some
countries.

Conclusions. The obtained data showed that the amount of mean specific radioactivity of natural
radiouclides in agricultural soils were higher than some countries. The radiological parameters of agricultural
soils in most samples were more than the world average of virigin soil values. The results of this research on
virgin soil were in good agreement with the world average. This study showed that consumption of fertilizersin
these cities was more than other countries. But all of radiological parameters of soil samples were less than
maximum acceptable criteria and thus have no damaging effect for people health. However, the long term
unsuitable usage of chemical fertilizers can have the effect of increasing of radioactivity in soils that can be
harmful for the health of farmers and consumers of the crops.

Keywords: Agricultural soil, Chemical fertilizer, Radioactivity, Virgin soil
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2- Markov Chain Monte Carlo
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1- Uncertainty analysis
2- NS, Nash & Sutcliffe, 1970
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Figure 6- Comparison of the observed and simulated monthly discharges at the Tamer station for the calibration period
between1999-2006
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Figure 7- Comparison of the observed and simulated monthly discharges at the Tamer station for the validation period
between2007-2010
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Figure 8- Comparison of the observed and simulated monthly sediment at the Tamer station for the calibration period
between1999-2006
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Table 2- Amounts of runoff, sediment and erosion in sub-basin of Gorganroud water shed
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Subbasin Runoff (mm) Sediment yield (Tonhat.yr) Erosion (Tonhat.yr)
1 9.11 853 13.82
2 13.32 12.38 20.23
3 10.67 13.90 21.19
4 12.88 10.58 18.68
5 2.19 3.13 6.89
6 11.72 15.16 24.95
7 0.98 2.38 3.97
8 12.34 17.39 18.41
9 2.26 154 4.37
10 5.34 8.92 8.18
11 137 104 2.62
12 0.587 0.86 201
13 4.23 6.82 6.25
14 0.42 192 164
15 3.02 4.81 5.60
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Figure 10- Map of erosion ratein Gorganroud water shed
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Table 3- Erosion and sediment load ratesin each land use
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SWAT Code Land Use Area (ha) . .
Sediment (Ton halyr)  Erosion (Ton ha'lyr)
AGRR d?”“ 54160.88 15.56 24.95
Agriculture
AGRL w2 SirgiS 493.64 12.33 20.23
Dry farming
FRSD S5 39868.97 0.86 2.01
Forest
RAGE &r 85736.03 5 5
Range
URML gSome Gl 1095 8.98 8.18
Urban
sl
FPEA Kitchen- 106.33 3.13 6.89
garden
ORCD gt 28.34 2 2
Orchard
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Introduction: population growth, urbanization and land use changes cause negative effects in natura
ecosystems and water resources .Soil erosion is one of the most important problems in agriculture and natural

resources of Golestan province. Using low cost and accurate methods for planning and proper management of
land and water resources are essential for estimating consequences of soil erosion and providing appropriate
solutions to reduce soil losses.

Materials and Methods: The study areais located in eastern part of Golestan province with an area of 1524
sguare Kilometers. The average annual precipitation of the region is 496 millimeters. In this watershed, rainfall
decreases from south and south west to north and north east (due to the remoteness from the Caspian Sea), while
evapotranspiration, temperature and the number of dry months increase in the same direction. Also the average
annual temperature of the watershed and its relative humidity and evaporation are 17.8°C, 68.5 % and 1398.34
millimeters, respectively. Tamer watershed was divided into 15 sub-watersheds by adding an outlet in the site of

Tamar gauging station. In this study, the SWAT model was used to simulate erosion and sedimentation. To
compare the measured and simulated data and evaluation of the SWAT performance in terms of simulating flow
and sediments, daily flow (cubic meters per second) and sediment (tons per day) data at the Tamar gauging
station located in Tamar’s watershed outlet was collected from the studies of water resources organization
(Tamab). Simulated values were generally consistent with the data observed during calibration and validation
period. At this stage of calibration, the SUFI-2 model was used to optimize the parameter values. In this study,
daily rainfall and temperature data recorded during an 8-year period by the stations within the watershed were
imported into the model. The daily discharge data and daily sediment data of Tamar station recorded during
1999- 2006 were selected. Then model was run using runoff and sediment parameters, and ranges of parameters
were adjusted at each iterations, and therefore SWAT model was calibrated using SUFI-2 model. After
calibration, model must be validated and its ability to predict future events must be determined. Validation was
performed using the runoff and sediment data recorded in Tamar gauging station from 2007 to 2010.

Results and Discussion: NS, R2, R-factor and P-factor were estimated for runoff calibration about 0.76,
0.77, 0.06 and 69 and for runoff evaluation 0.72, 0.75, 0.05 and 69 respectively. The same parameters were aso
measured for sediment calibration about 0.54, 0.62, 0.15, and 16 and sediment evaluation 0.55, 0.61, 0.35, and
12 respectively. The results showed that irrigated agriculture 24.95 and 15.56 t ha "y respectively, with average
erosion and sediment ha of agriculture by an average of 20.23 and 12.33 t ha "ly! respectively erosion and
sediment erosion and deposition are tons per hectare maximum value. Results also showed that the soil loss
caused by erosion in this watershed is average 6.49 t hay*in sediment and 10.28 t hay*in erosion.

Conclusion: The assessment factors showed that model has successfully simulated the daily runoff discharge
during calibration and validation phases with a Nash-Sutcliffe coefficient of 0.76 and 0.72. A Nash-Sutcliffe
coefficient above 0.5 could be acceptable for sediment simulation. However, sediment load simulated for rainy
seasons has been lower than actual value while this value has been higher than actual value during dry seasons.
In most months of the year, model results are higher than measured values and this issue is more pronounced in
the peak runoffs. This issue is due to limitations in spatial distribution of rainfall, so when a small area in
watershed experience a severe rainfall, model considers the impact for the entire watershed and therefore
overestimates the total runoff. The results showed that SWAT model can be a useful tool for the simulation of

1 and 2- Associate Professor and Former M.Sc., Department of Soil Science, Gorgan University of Agricultural Sciences and Natural
Resources

(*- Corresponding Author Email: kiani @gau.ac.ir)

3- Associate Professor, Department of Watershed Management, Gorgan University of Agricultural Sciences and Natural Resources
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flow and sediment basins in the loess land.

Simulation results showed that land use changes have resulted in corresponding increases in surface runoff
and sediment. Rates were highly variable both spatially and temporally, and the agricultural lands were most
significantly affected. These land use changes have negative implications for the ecological health of the river
system as and local communities.

Keywords: Digital elevation map, Modeling, SWAT-CUP, Uncertainty
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Table 1- Analysis of variance effects of jasmonic acid and humic acid on relative humidity leaf, proline and photosynthetic
pigments of forage maize under different regimes moisture
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ns, * and **: Non significant ,significant P <0.05 and P < 0.01, respectively
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Figure 1- Effect of water regime and foliar application interaction on relative water content of forage maize. In each
irrigation levels, Mean values followed by same letters aren’t significantly different at P < 0.05 by LSD
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Figure 2- Effect of water regime and foliar application interaction on proline content of forage maize. In each irrigation
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Laass g g s

25 ol Ol as el ol 5l (S uibyls 4505 ol
= Bl sl 5 poy g5y Jlize 1 5 o0l ol sy
(V Jodn) s 4l pme dopd N Jleis ] pdaws 53 a5 gl

St 45 2900 5Bl (g o0 B peile duglis 4 4295 L
L (o8bdgbore baulpd 53 g s (45 Lalpd )3 oo S (e
9 ol ) JRlite Sl ol pogMle sl 03 Siagen o
S B 5 3 85 o g ¥ US> ol ol
Jbes 3 Ol Cr o 9 el SSgewle Jlogi ) adslin)lS e
L 3559)l8 liae )0 Lialidl pl a8 s b cCanl 039y Shogid duul
Sl b paS gl S 1y (g puunl &S Bl p> (¥+) logj 090 jlo —ixe
5,55 olizn il 8l o SIS 5 )30 3 Soglgh 5 oo
W) ng){ ).)

Sl 5 Bl ()3 gime I Smge sl (25 (g Ll )
Al g Mo i bl s 50 (S 09 b 5 Sigenls
Aol 4y Comd (]380 1oy WY 9 YV L) ey 4 Saogud dyuol
O Sgewly Al bty b ol 3 g0 Jsaas 1y (i 3]
D9 b Mo A5 )3 g (ke i >

oS Jdg 5 Ladloo lgicds Wades)l cjiimgid (o 5
L plSen (old )yl g obS Ay L &S (gy5bey WS o Jos
oilS 4 a2 g5 b (A) 295 00 3L 5 459598 e B9 IS ialS
DT gt bl b o s s i blys o g a g kS

g is

Vel g 3 by 8 Jude)S 1 gusk) my hel S
=) JRlite )l s g (bl Jgbore (ol S ad s dne bo)
Moisine @30S 3 b g @ Jg)lS (lise 2 (Bl glre b s
(B gAY JS) 5 () Joi2) 295

a8 0,8yl Ll oo Lo ilie duslie 4 4295 L
0=l g 9= S gkl 3 By @ J8g)lS (e o ot
g YOIF Lad i Loyl o &y Cond 368 D)lg0 (glyy iy 4y cogles
ol ausly is158) dus s YA/F

o G LS (ages slatiSly jla by IS jiw pals
s 51 (S 035508 50 g JS i (V1) 2o o 29008
9 e wOAS 4 s o ol )3 e Hlediay Jiwgn lp wre
@ylite alS )3 Jidg IS yalie I pS oy (Sitd b als s
o byoye (Seid a5 51 @ gl aals @y o el
Ol g Jobow )3 (ST sla sl g 38
3950 0355 (] 435 40x 53 9 (gl o b 0
9 J29)l5 padld ;o SB gb) a5 45705 03l L (1Y)
oMo (10) 351 I8 15 Y5+ Lol Ui 0,5 15 b 5 @ b IS
g a3ty Lokl ials (Sis 8b cov ol p
S 58 oSy IS WSS ol (puSlieS w851 o8L
5t ol 3 28 ablons 45 b 1A gy puSiaS
b yiig 5 LIS Casdlys)lS slasd gilans] doro i
(¥0) 2l 58518 w3l culld 28l L



sl 039 Jidg 5" 3108 55 Jddan o ol )3 Waadsig)l5 (el &S )5 s g5 o0
15 1
A 47
— = B
E E a — £ a
2= =2
3 3% 533
.22 A
4% o
<5 %X 8
%= R
— D1 A
T | 0 - T
75% 50% 5% 100%
ol ol Jo b
Full irrizgation Full irrigation

PLED g3l (ol 3 glisie gy (51,15 b Silhe (B 5 A) sladgle ©,3b by IS 32 e IS lgione 1 Ssbs) sy 1 - U
W1 (545 re (5 ko] BWAT w3 0 Jloss | baw
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Figure 4- Effect of water regime and foliar application interaction on carotenoid content of forage maize. In each irrigation
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Figure 5- Effect of water regime and foliar application interaction on leaf areaindex of forage maize. In each irrigation
levels, Mean values followed by same letters aren’t significantly different at P < 0.05 by LSD
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Table 2- Analysis of variance effects of jasmonic acid and humic acid on leaf area index,leaf weight, stem weight, ear
weight,forage yield andwater use efficiency of forage maize under different regimes moisture
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freedom Leaf area Water use
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ns, * and **: Non significant ,significant P <0.05 and P < 0.01, respectively
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Introduction: Drought stress is one of the most important limiting factors for plant growth in the arid and
semi-arid regions. This stress affecting crop production such as maize (Zea mays L.). Maize can play an
important role in providing forage for silage animals, especially in the winter season in most parts of Iran due to
high production capability . The application of plant growth regulators such as jasmonic acid and humic acid is
one of the fastest ways to increase crop tolerance to environmental stresses viz. drought stress. The role of these
acids is to prevent aging and falling of leaves, hormonal effects and improve nutrient uptake, which leads to
increase of root and shoot biomass. Due to the expansion of industrial livestock, maize silage supply is essential.
On the other hand, maize pollination and grain filling occur in the summer season and it overlaps with the peak
of water limitation. Thus, in this experiment, the effect of jasmonic acid and humic acid on morpho-
physiological characteristics and water use efficiency of forage maize under drought stress were studied.

Materials and Methods: In order to investigate the effects of jasmonic acid and humic acid to mitigate the
impact of drought stress during pollination of forage maize (KSC 704), an experiment was conducted in research
farm of the Shahrekord University, in 2016. The experiment was performed as a split plot in a randomized
complete block design with three replicates. The treatments consisted of different levels of drought stress (no
drought stress (field capacity), moderate drought stress (0.75 field capacity) and severe stress (0.50 field
capacity)) as main plots and plant growth regulators (without hormone, jasmonic acid and humic acid) as sub
plots. In no hormone condition, distilled water was used. Foliar application was done 10 mM jasmonic acid and
humic acid content of 1500 grams per hectare before maize flowering. The volume of water consumed for each
irrigation was measured by contour system. In this experiment leaf relative water content (RWC), proline,
chlorophyll content, carotenoids, leaf area index (LAI), leaf weight, stem weight, ear weight, forage yield and
water use efficiency (WUE) were measured. The analysis of data was performed using SAS software. Mean
comparisons of study characteristics were done by LSD test at the 5% probability level.

Results and Discussion: The results showed that the relative water content, proline, chlorophyll,
carotenoids, leaf area index, shoot weight, ear weight, forage yield and water use efficiency were affected by
drought stress conditions. Although drought stress was reduced forage yield and related traits, the use of
jasmonic acid compared to the control and humic acid under mild stress was significantly increased relative
water content (61.1 and 39.3 %, respectively), leaf weight (60.4 and 41.8%, respectively), stem (14.8 and
25.12%, respectively), ear weight (13 and 23.8%, respectively), proline content (16 and 32.1 %, respectively),
forage yield (24.4 and 24.2%, respectively). Under severe stress conditions, jasmonic acid significantly
increased relative water content of leaf, weight of leaf, weight of stem and leaf areaindex. Under severe drought
stress, jasmonic acid and humic acid had no significant difference. It was observed that under non-stress
conditions, jasmonic acid wasn’t effective on water use efficiency and humic acid showed a negative effect.
Under moderate drought stress, jasmonic acid was effective with increase 21.15 %, in moderating drought stress
for maize and under severe stress jasmonic acid and humic acid had no significant effect.

Conclusion: According to the results, the occurrence of drought stress during pollination has a significant
effect on maize yield. So that the severe drought stress (50% soil moisture depletion) leads to decrease in yield
of maize forage due to decrease weight of leaf and ear. Although the most positive results of the use of growth
regulators on maize yield were obtained under non-stress (full irrigation), the effect of moderate drought stress
was mainly observed on forage production on jasmonic acid. The positive effect of foliar application of jasmonic
acid in reducing the damage of drought stress and increasing of water use efficiency under moderate drought
stress indicated that the use of this hormone could be useful in increasing production and quality of maize silage.

Keywords: Moderate drought stress, Growth regulator, Relative water content, Water use efficiency
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Figure 1- The map of geographic position and distribution of soil samples on geology map
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Table 1- Eleven different tree composition

- . LXWAr- L LIRS

Tree composition S S S Tree cod used
Parrotia persica el 1
Hornbeam Sy 2
Maple oy 3
Parrotia- Hor nbeam Syeam el 4
Hornbeam- Parrotia el =00 5
Hornbeam- Maple cdy—jpee 6
Parrotia- Maple - sl 7
Hornbeam- Maple-Parrotia el =5 pee 8
Maple -Hornbeam -Parrotia ool =5 yem ey 9
Parrotia—Hornbeam- Maple =5 yoa— kel 10
Hornbeam -Parrotia-Maple sl = yee 1
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Table 2- Phospholipid fatty acids signatur es chosen to char acterize micr obial community structure.
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Micr oor ganisms Fatty acid
1520 )95k ¥ guns 1 gl ;8 :
: i 16:1 w5¢
Arbuscular Mycorrhiza Fungi(AMF)
L 16:0 10-methyl
s 7S g 17:0 10-methyl
Actinobacteria 18:0 10-methyl
. 18:2w6
bz, 16:1w9¢
fungus 18:1w9c
R 14:0is0
o9 S S 15:00
General bacteria 17:00
- _ . 16:1 w7c
-5 sl S 181 w7c
Gram- bacteria 19:0 cyclo
15:.0is0
. _ . 15:0 anteiso
Cudo—0,5 g5 S 16:0 iso
Gram*bacteria 17:0is0
17:0 anteiso
.. 20:2w6¢
5959590 20:30w6c
Protozoa 20:4w6¢C
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Table 3- Statistical description of soil propertiesin the study area

S S A o2 o oSke
Soil properties Minimum Maximum Mean
pH 5.65 7.46 6.44
EC(uSiemens/cm) 221.00 741.00 448.85
Electrical conductivity
() J2leo paanddS’ glacly 5 0.80 21.00 4.25
Equivalent calcium carbonate (%)
) ST emss 3.12 9.26 5.42
Organic carbon %
(L)JS o9 0.25 0.57 0.38
Total nitrogen (%)
(AR 30.42 63.33 43.86
Clay (%)
(% )edaww 31.58 56.50 41.62
Silt (%)
(L) o 4.58 34.67 14.51
Sand (%)
(MgCO2/kgrsoil.day) 19 ,Suo (i 267.14 809.28 433.33

Microbial respiration

(SB o1yl 31,) PLFA Chle Ol pd duogi jlol —€ Jgaa
Table 4- Statistical description of PLFA concentration (soil microorganisms)

(nmol/gr soil) 19,540 seg,5
Microbial group

ARS RO e
Minimum Maximum Mean

523550k ¥ gSan Lo )6

Arbuscular Mycorrhiza Fungi(AMF)

g S g
Actinobacteria
o S S
Generalbacteria
o5 sl S
Gram bacteria
Cuo-p )5 Sl S
Gram*bacteria
bz ,E
Fungi
W yig5e595
Protozoa
JS PLFA
Total PLFA

4.12 11.26 6.98
21.14 60.90 32.58
2.76 11.29 6.52
27.99 80.77 50.38
25.32 80.41 52.58
10.35 39.24 18.70
0.00 3.13 1.44
93.21 274.95 169.17
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Introduction: Soil microorganisms are the essential part of forest ecosystems which play a key role on soil
nutrient changes. The biological activity in soil is largely concentrated in topsoil. Despite the small volume of
microorganisms in soil, they have a key role on nitrogen, sulphur and phosphorous cycles and the decomposition
of organic residues. Soil microorganisms have been identified as the sensitive indicators for soil quality. The
composition of microorganisms and their fractional activities in soils significantly affect biochemical cycles,
carbon sequestration and soil fertility. As soil microbial communities respond differently respected to
environmental conditions, it seems that variation in forest ecosystem could significantly affect microbial
community. Plants are one of the important variables for assessing soil microbial communities which their effect
is related to root secretions and litter decomposition. The phospholipid fatty acid (PLFA) analysis is one of the
methods that can overcome the problem of selective growth of microorganisms on culture media which is a
major defect in the identification of microbial diversity. The objective of this study was to investigate the effects
of different tree compositions and soil properties on soil microbial community using PLFA analysis approach.

Materials and Methods: This study was conducted in ShastKalate forest, an experimental forest station of
Gorgan University, located at eastern Caspian region, North of Iran (36° 43" 27" N ,54°24' 57" E). Eleven
different tree compositions were selected and the surface soils collected from 0-10 cm depth of 33 plots. Soil
samples were air dried and passed through a 2mm sieve. Then one portion of the sieved samples was used for
physical and chemical analyses. The other portion was rewetted to 65% of field capacity and incubated at 37 °C
for 3 days to analyses PLFA. Soil particle size distribution (clay, silt and sand) was determined using the
hydrometer method. Soil pH in I/ 2.5 soil to water suspension and electrical conductivity (EC) in the same
extract were measured.. Calcium carbonate equivalent (CCE),soil organic carbon (OC) and total nitrogen (TN)
was determined, too. Biological analyzes including soil microbial respiration determination and PLFA analysis
were carried out. The PLFA detection and quantification were performed with a Hewlett-Packard 5890 Series |1
gas chromatograph (GC) equipped with an HP Ultra 2 capillary column and a flame ionization detector. The
normalized data were employed for Pearson's correlation analysis and ANOVA to determine the effects of soil
properties and different tree compositions on soil microbial community.

Results and Discussion: Gram+ and Gram- bacteria were the most microorganisms and protozoa were the
least microorganisms in soil samples. The results of the correlation between soil properties and microorganisms
showed that OC and TN had significant positive effects on microorganism’s communities. EC was significantly
correlated with Arbuscular Mycorrhizal Fungi (AMF), actionbacterial, protozoa and total PLFA. In addition, soil
microorganisms and total PLFA were significantly correlated with soil respiration. However, there was no
significant correlation between TN and OC with protozoa. The correlations between pH, EC, CCE and sand with
protozoa were significantly negative, but in the case of silt, this correlation was significantly positive. Different
studies showed that soil organic matter is the main nutrient source for soil microorganisms and soil
microorganisms are also the essential part of C and N cycles. The effects of tree compositions on 16:0 10-
methyl, 18:2 wéc, 20:2 wéc, 20:3 wéc and 20:4 wéc were significant(p<0.05). We found that trees can impact
on soil organic carbon, nitrogen, water content, soil physicochemical properties and the availability of other
nutrients via litter decomposition, roots growth and their exudates. Thus, trees indirectly affect soil
microorganisms. In the single tree species plots, hornbeam species had negative effect on soil microorganism’s
diversity. In two species plots, though hornbeam species positively increased soil microorganisms, but plots
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containing parrotiamaple had the most diversity of microorganism. In addition, in the plots containing three
species, more hornbeam and medium number of parrotia and maple compositions had the positive effect on sail
microorganism diversity.

Conclusions: The present study showed that soil properties and tree compositions had significant effects on
soil microbial groups. Tree compositions including “hornbeam-maple-parrotia” and “hornbean-parrotia-maple”
had the most microorganism diversities, and single hornbeam plots had the least microorganism diversity.

Keywords: Hornbeam, Maple, Microbial community, Parrotia, Phospholipid fatty acids
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Table 2- Effect of iron use on grain yield of wheat genotype
(Duncan’s multiple range test)
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Table 3- Iron concentration in shoot of wheat genotypes at stem elongation stage
(Duncan’s multiple range test)
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Table 4- Effect of iron use on iron concentration and uptake in grain of wheat genotypes
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Table 5- Iron use efficiency, agronomic efficiency and apparent recovery efficiency wheat genotypes

sl edlsl s

St Span 28 (2d2395) (=15 2,6 Apparent Recover
T ¥) Use Efficiency Agronomic Efficiency PP Efficiency y
Genotype () (kgkg) )
DUurumes,ss 81.02 130.22 16.65
Thriticosecaled$.s 5 91.80 67.70 851
Alwandssgl 89.50 73.24 8.83
Falateys 95.30 33.53 3.70
C75-5 88.40 72.25 5.30
TO0S b 96.00 26.63 2.45

2 (M) oh)lSen o (b bowgi a3 plosl iz )

Jolye yd opal WIS 5 ails gal clale o ()l gxe (Stasen
aS ol s Loyl bawgs i sla o)y p Codlhs dg3g A5, Jol

By dw U glasldS sibos G 50 (YY) o)) 5 0ol

L S o3 )3 a8 a0 Sodalidio ()l 9 Sl (M piS
Glg Pl diy) Cund g o) 3,Skes ol ool il
2SS @S OB 08 b dw ul o 53 9 8L 8



AP g0 - 3T B ojleds ¥Vl (S g0l 4 s VFYA

E9=30 ol 235 0 O30 ool 2518 Ll ) el yspeda (11)
Dy By oyl 39008 4 pAS clacaigss Joou 4

S (5 5 4ol

Ul 35 ol )3 (p y50 PSS ilisee lacuis

3y9— PLE) (e 5> My (bl Byiae 5 Ol 3 (glite slo
@S I 5 paS g M gk Bl (Gaiod (nl 3 adlllas
o YLy LS il s pliy) gl izl (g 5Vl o]

o=l g o3 gl Ll pal Bpas LIS ) S Jale o 5 Lol
sl 039, Ay s 5 o0 g2 5 e
13 GbyamanS polie LIS L byl 5 01 plogl claimo}
LUl 5l 5l it W1 ol & ams o Ui ainel § 0lgsls
P Lol sae Sy o0 bl SB 1 polie cpl Gls gly olS
ol s e 5 jlo a8 L Lo 3 .(\Y) olS ey
g ool oS Syt (glayghg)dwgid e 9,0 il
aasl ey LS O_zzﬂ Ol 53 sl (Sen cods jd cuglas

10-

11-

12-

13-

15-

16-

18-

i 03] S il bl (8) L San 5 SLSTS () il
93 51yl dg a8 alel S 02lgls (lalS a5l Lo ygdg)ammgid
&l

Aciksoz SB., Yazici A., Ozturk L., and Cakmak I. 2011. Biofortification of wheat with iron through soil and
foliar application of nitrogen and iron fertilizers. Plant and Soil. (349):215-225.

Badakhshan H., Namdar M., Mohammadzadeh H., and Mohammadi R. Z. 2013. Genetic variability analysis of
grains Fe, Zn and beta-carotene concentration of prevalent wheat varieties in Iran. International Journal of
Agriculture and Crop Sciences.(6):57-62.

Baai M.R., Maakouti M.J., Khademi Z., and Mashayekhi H.H. 1999. The effects of micronutrients on the
increase of yield, and determination of their critical level in irrigated wheat in Iran. Journal of Soil and Water
(Specia Issue, Wheat), 12(6):111-119. (In Persian with English abstract).

Behl K.R., Osaki M., Wasaki J., Watanabe T., and Shinano T. 2003. Breeding wheat for zinc efficiency
improvement in semi-arid climate- A review. Tropics. (12): 295-312.

Cakmak 1., Sari N., Marschner H., Yilmaz M., Ekiz S, and Gulut K.Y. 1996. Dry matter production and
distribution of zinc in bread and durum wheat genotypes differing in zinc efficiency. Plant and Soil. (180): 173-
181.

Cakmak 1., Pfeiffer W.H., and McClafferty B. 2010. Biofortification of durum wheat with zinc and iron. Cereal
Chemistry. 87(1): 10-20.

Chatzav M., Peleg Z., Ozturk L., Yazici A., Fahima T., Cakmak |., and Saranga Y. 2010. Genetic diversity of
grain nutrients in wild emmer wheat: potential for wheat improvement. Annals of Botany.(105).1211-1220.

Clark R.B. 1983. Plant genotype differences in the uptake, trandocation, accumulation, and use of mineral
elements required for plant growth. Plant and Sail.(72): 175-196.

Craswell E.T., and Godwin D.C. 1984. The efficiency of nitrogen fertilizers applied to cereals in different
climates. Advances in Plant Nutrition.

Dikeman E., Pomeranz Y., and Lai F.S. 1982. Mineral and protein contents in hard red winter wheat. Cereal
chemistry. 59(2): 139-142.

Gawalko E.J., Garret R.G., and Nowicki T.W. 2001. Trace elements in western Canadian hard red spring wheat
(Triticum aesativum L.): Levels and quality assurance. The Journal of AOAC Internationa (84): 1953-1963.
Gayomba S.R., Zhai Z., Jung H.I., and Vatamaniuk O.K. 2015. Local and systemic signaling of iron status and its
interactions with homeostasis of other essential elements. Frontiers in Plant Science. (6):716.

Graham R.D., Ascher J.S., and Hynes S.C. 1992. Selecting zinc-efficient cereal genotype for soils of low zinc
sastus. Plant and Soil. (146): 241-250.

Graham R.D., Welch R.M., Saunders D.A., Ortiz-Monasterio I., Bouis H.E., Bonierbale M., Haan S., Burgos G.,
Thidle G., Liria R., Meisner C.A., Beebe S.E., Potts M.J., Kadian M., Hobbs P.R. Gupta R., and Twomlow S.
2007. Nutritious subsistence food systems. Advanced in Agronomy. (92): 1-72

Kalayci M., Torun B., Eker S., Aydin M., Ozturk L., and Cakmak |. 1999. Grain yield, zinc efficiency and zinc
concentration of wheat cultivation grown in a zinc— deficient calcareous soil in field and greenhouse. Field Crop
Research.(63): 87-98.

Khoshgoftarmanesh A.H., Razizadeh E.S., Eshghizadeh H.R., Sharifi H.R., Savaghebi GH., Afiuni D., and
Tadaionngjad M. 2012. Comparison of different spring wheat genotypes based on their response to iron
fertilization in a calcareous soil. Jornal of Water and Soil Science - Isfahan University. 15 (58):99-107.

Hajiboland R., Yang X.E., Romheld V., and Neumann G. 2005. Effect of bicarbonate on elongation and
distribution of organic acids in root and root zone of Zn-efficient and Zn-inefficient rice (Oryza sativa L.)
genotypes. Environmental and Experimental Botany.(54): 163-173.

Hemantaranjam A., and Grag O.K. 1988. Iron and zinc fertilization with reference to the grain quality of Triticum

Slools [olaid! 3g3 4 3 1y by (YU (glad Shas «yal



VPV puss Gliso slocuisi} 50 0T (239995 9 G pan 2T, (o) 2

19-
20-

21-
22-

23-

24-

25-
26-

28-
29-
30-
31-
32-

33-
M-

35-

aestivum L. Journal of Plant Nutrition. (11):1439-1450.

Klute A. 1986. Method of soil analysis, part I: Chemical and microbiol ogicalmethods. Madison, Wiscansin USA
Lindsay W. L., and Norvell W.A. 1978. Development of a DTPA sail test for zinc, iron, manganese and copper.
Soil Science Society of America Journal. (42): 421-428

Marschner H. 1995. Mineral Nutrition of Higher Plants 2" Academic press. 890P. Newyork.

McGrath S.P. 1985. The effects of increasing yield on the macro and microelement concentration and offtakes in
the grain of winter wheat. Journal of the Science of Food and Agriculture.(36):1073-1083

Mendoza A.B. 1999. Absorption and assimilation of iron in plant. Departamento De Horticultura, Universidad
Autonoma Agraria Antonio Narro. Trandation by Roger Miller. Available in electronic address:
http://home.infinet.net/teban/iron/ironw.html.

Morgounov A., Gomez-Becerra H.F., Abugadieva A., Dzhunusova M., Yessmbekova M., Muminjanov H.,
Zelenskiy Y., Ozturk L., and Cakmak 1. 2007. Iron and zinc grain density in common wheat grown in Central
Asia. Euphytica.(155):193-203.

Paye A.L., Miler R.H., and Keeney D.R. 1984. Method of soil analaysis. Part 1. SSSA Inc.

Pervaiz Z., Hussain K., Kazmi S.S.H., Gill K.H., and Sheikh A.A. 2003. Iron requirement of barani wheat.
International Journal of Agricultureand Biology. (5):608-610.

Rahemi S., Khorassani R., and Halgjinia A. 2014. Uptake efficiency of iron in different wheat varieties. Journa of
Water and Sail. (28), No: 3: 556-564. (In Persian with English abstract)

Raun W.R., and Johnson G.V. 1999. Improving nitrogen use efficiency for cereal production. Agron. J. (91):357-
363.

Rengel Z., Batten G.D., and Crowley D.E. 1999. Agronomic approaches for improving the micronutrient density
inedible portions of field crops. Field Crops Research(60):27-40.

Shahbazi K., and Besharati H. 2013. Overview of agricultural soil fertility status of Iran. Journal Management
System. 1(1): 1-15. (In Persian with English abstract).

Shi R.L., Zhang F.S., and Zou C.Q. 2010. Iron efficiency of different wheat genotypes and its main contributed
factor. Plant Nutrition and Fertilizer Science. 16(6): 1306-1311.

Svecnjak Z., Jenel M., Bujan M., Vitali D., and Dragojevic 1.V. 2013. Trace element concentrations in the grain of
wheat cultivars as affected by nitrogen fertilization. Agricultural and Food Science. (22): 445-451.

Tinker P. B., and Lauchli A. 1984. Advances in plant nutrition. Academic Pub., Dordrecht, the Netherlands.

Velu G., Ortiz-Monasterio I., Cakmak I., Hao Y., and Singh R.P. 2014. Biofortification strategies to increase grain
zinc and iron concentrations in wheat. Jornal of Cereal Science. 59(3): 365-372.

Ziayeian A., and Malakouti M.J. 1999. The Performance of wheat in some strongly cal careous soil supplemented
with Fe, Mn, Zn and Cu in greenhouse. Journal of Soil and Water (Specia Issue, Wheat), 12(6):75-86. (In Persian
with English abstract).



(55,918 2buo 9 pale) S g T 4y i
FPYY IPYY Lo ATAF o — 43T B osles ) ule

Journal of Water and Soil
Vol. 31, No. 5, Nove.-Dec. 2017, p. 1423-1431

Application and Fertilization Efficiency of Iron in Some
Wheat Genotypes

P. Keshavars'l- M. Forouhar? M. Dadivar3
Received: 13-03-2017
Accepted: 13-08-2017

Introduction: World cereal demand is growing at present in accordance with the global expansion of human
populations. Deficiency of micronutrients in cereal cropping is one of the major worldwide problems. Beside of
lowering grain yield, it may cause some healthy problems in human populations. Iron is an essential micro
element in the soil that mainly had been found as the insoluble (Ferric or Fe**) form. Although ferric iron is
relatively insoluble in water, the solubility of total inorganic iron decreases between pH of 7.4 to 8.5 range which
is dominant in calcareous soils. It is estimated that nearly half of the world population is affected from Fe
deficiency problem. Major reason for widespread occurrence of Fe deficiency in human populations is very little
dietary diversity and high consumption of cereal-based foods with very low amount and poor availability of Fe.
Bread wheat is the most widely grown cereal grain with 65% (6.5 million hectares) of the total crop cultivated
area in calcareous soils of Iran. Most wheat cultivars currently used have been selected for high yields under
optimum fertilizer conditions. Consequently, research is needed to select efficient genotypes that will grow and
produce under conditions of lower fertilizer input or soil micronutrients deficiencies. This is especialy true for
the expansion of wheat cultivation which is often growing in calcareous soil of Iran. These soils are
characterized with low fertility, high pH value, low organic matter content and low micronutrients availability.
Environmental concerns in wheat production for human population indicate that to improve wheat quality and
quantity, the zero or possible lowest amounts of chemical fertilizers would be applied. In this regard, the use of
iron-efficient genotypes that have also high yield can be considered as a key strategy.

Materials and Methods: In order to investigate Fe efficiency in various wheat genotypes, a factorial
experiments a randomized complete block design was carried out with three replications in agricultural and
natural resource research and education center of Khorasan Razavi province, Mashhad (Torough Station), Iran,
during 2009-2011. Treatments were consisted of two levels of Fe fertilizer (0 and 10 kg h! as FeeEDDHA) and
six genotyps of wheat including: three cultivars and one line of bread wheat (Alvand, Falat, Toos, and C75-5,
respectively), two species of wheat known as Thriticosecale and Durum. The trial plots’s size was 9x3.6 (32.4
m?). According to the results of soil analysis, total nitrogen, available forms of phosphorus and potassium were
0.05%, 7.2, and 180 mg kg'!, respectively. DTPA extractable of iron, zinc, manganese and copper were 2.4, 0.52,
3.4 and 0.7 mg kg, respectively. Soil texture was silt loam. Soil organic carbon percentage and equivalent
CaCO; percentage (T.N.V) were 0.48% and 18.7%, respectively. The electrical conductivity (EC) and pH
measured in saturated extract were 1.4 dSmt and 8.1, respectively. At defined phonological stage (SG6 based on
Fix’s Index), the Fe concentration in shrub was measured. Moreover, grain yield and Fe uptake by grain were
determined at the end of ripening stage. Iron use efficiency, agronomic efficiency and apparent recovery
efficiency were calculated and studied as dependent variables.

Results and Discussion: The grain yield is the most integrative trait of a particular genotype. The results
showed that Fe application increased significantly grain yield by 9.9% in comparison with control. In our
research the highest grain yield increase due to Fe application was found in Durum wheat (17.1%), and the
lowest grain yield increase, were found in Toos cultivar (4.1% yield increase). Application of Fe increased Fe
concentration and uptake in grain about 5.7% and 16.4%, respectively. In terms of iron uptake by grain,
Thriticosecale wheat and C75-5 cultivar had the highest (339.6 g ha?) and the lowest amounts of Fe uptake
(260.3 g ha?), respectively. Also, application of Fe had no significant effects on Fe concentration in shoot. Fe
use efficiency in bread wheat genotype, Durum and Thriticosecale wheat was ranked as: Durum < C75-5 <
Alvand < Triticale< Falat < Toos. According to our research results, Toos and Falat cultivars and Thriticosecale
have higher iron use efficiency than Alvand and C75-5 cultivars and Durum wheat. The results also suggest that
to obtain higher yield in Durum wheat, soil and foliar application of Feis more necessary in comparison with
other genotypes especially Toos and Falat.
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Resource Research and Education Center, AREEO, Mashhad, Iran, Respectively
(*- Corresponding Author Email: P.keshavars@areeo.ac.ir)
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Conclusion: There were various abilities to uptake and use Fe by different wheat genotypes. Fe-efficient
genotypes of wheat were Toos and Falat also Triticale. Moreover, these genotypes also had higher grain yield.

Keywords: Durum, Agronomic efficiency, Iron Efficient, Microelement , Thriticosecale
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Figure 1- Location of studied water sheds
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Figure 2- Land use map of Haddam water shed and location of measured gullies
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Figure 3- Land use map of Sharif watershed and location of measured gullies
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Table 1- Amount of gullies longitodina progression (1993-2012)
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Figure 4- Image of gulliesin Haddam and Sharif water sheds
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Table 2- Gullies clustering in Haddam and Sharif water sheds
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Table 3- Gullies progression relationship with other gully propertiesin Haddam Water shed
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5,5V Litter 0 5 53 Litter
01y Siw Gravel 0 052y Siw Gravel
0.64 -0.29 Clay (G) v, 0.45 0.27 Clay (G) v,
0.25 0.63 Silt (G) cdew 0.14 0.50 Silt (G) cdw
0.33 -0.56 Sand (G) 5 0.19 045 Sand (G) s
043 -047 MG (G) o juie 047 0.26 Mg (G) w2 e
0.31 -0.57 Ca(G) S 0.36 -0.33 Ca(G) pauls’
0.32 -0.57 Na (G) psw 0.87 0.06 Na (G) w2
0.78 0.18 pH (G) 4u 3wl 0.59 0.20 pH (G) 4u 3wl
023 0.66 EC (G) ,Su,sS) coln 0.47 0.26 EC (G) Su,S) coln
0.42 047 Clay (H) 0.79 0.09 Clay (H)
0.01 0.97 Silt (H) 0.92 0.03 Silt (H)
0.04 0.98 Sand (H) 0.99 0.00 Sand (H)
0.16 073 Mg (H) 0.81 -0.08 Mg (H)
0.28 -0.60 Ca(H) 0.81 -0.08 ca(H)
0.36 053 Na (H) 0.65 017 Na (H)
0.69 0.25 Ph (H) 0.93 -0.03 Ph (H)
0.30 -0.59 EC (H) 0.65 0.16 EC (H)
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Table 4- Gullies progression relationship with other gully propertiesin Sharif water shed

Y adgs ) A
Cluster 2 Cluster 1
SMPGre  Ggmm o Sl o e
Significant ~ Pearson Variable Significant Pearson Variable
Level Corelation Level Corelation
1 Jsb eyt 1 Job ¢yt
Length progress Length progress
0.60 0.27 (105) i sV et 0.05 074 (203) bty 5Vt
Slope of headcut upstream% Slope of headcut upstream%
0.64 -0.24 (309) &) s e 0.34 043 (3059) &) s e
Slope of initiate point% Slope of initiate point%
017 0.64 (enresie) (Sl SVl oo 0.02 083 (@ rie) iy YL colune
Upstream area of headcut (m?) Upstream area of headcut (m?)
070 020 (e )l 4o L ol 009 069 (e i) oo 5L ol
Upstream area of initiate point(m?) Upstream area of initiate point(m?)
0.16 -0.64 ol g 0.89 0.07 oS g
Vegetation Cover Vegetation Cover
0.10 0.72 csd S Bare Soil 0.89 0.06 cosd S Bare Soil
0.09 -0.74 S, Litter 0.89 0.06 S, Litter
0 0 3y S Gravel 0 0 3y S Gravel
0.42 0.41 Clay (G) _w, 0.67 0.20 Clay (G) _»;
0.15 0.66 Silt (G) cdew 0.83 0.10 Silt (G) cdw
0.39 0.44 Sand (G) ;s 0.69 -0.18 Sand (G) ;s
0.95 0.04 Mg (G) s juo 0.49 -0.32 Mg (G) s juo
0.97 0.02 Ca(G) puudls 0.63 0.22 Ca(G) puuls
0.66 0.23 Na (G) pw 0.78 0.13 Na (G) pw
0.61 0.27 pH (G) 4wl 0.46 0.33 pH (G) 4u sl
0.78 0.15 EC (G) S8l colua 0.74 -0.15 EC (G) S sl colaa
0.16 0.65 Clay (H) 0.57 -0.26 Clay (H)
0.08 0.76 Silt (H) 0.77 0.13 Silt (H)
0.05 -0.81 Sand (H) 0.89 0.06 Sand (H)
0.42 0.41 Mg (H) 0.21 -0.54 Mg (H)
0.17 0.64 Ca(H) 0.68 -0.19 Ca(H)
0.01 0.92 Na (H) 0.60 0.24 Na (H)
0.12 0.70 Ph (H) 0.46 0.33 Ph (H)
0.02 0.89 EC (H) 0.45 0.34 EC (H)
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Table 5- Theresults of chemical analysis of the soil in gullies of Haddam and Sharif water sheds

b Sk 30 ol L el SR Sl ol 050>
Sand%  Silt% Clay% Mg(meql?) Ca(meq Y Na(r{)‘eq pH EC(dSm? Parameter Watershed
L Sile
535 305 16 314 50.8 1653 74 258 ol
Average
86 46 34 255 218 1950 82 174 et
Maximum o
i plia 5ol 0je
26 6 6 16 2 36 6.9 11 o Haddam Watershed
Minimum
6.8 10 147 452 484 293.8 03 36.7 Semo S5l
Standard Deviation
<
439 391 17 36.6 36.7 61.1 74 128 ol
Average
67 50 30 320 317 435 85 84 Lk
Maximum gy 3] oj>
aleS .
28 13 8 14 16 36 6.8 12 = Sharif Watershed
Minimum
48 66 84 432 532 99.1 04 169 e S

Standard Deviation
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Table 6- Final equation of gully progression (stepwise regression) in Haddam Water shed
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Significant Level Adjusted R? 8 B B Equation Gully
Y| Y \
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Total Gullies
1% 0.90 032 054 058 Y=002X4+25X6-13X2-2429 ~ —¢#
Cluster 1
1% 0.99 - 023 096  Y=27X18+44X23-205 » 4dg
Cluster 2
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Table 7- Final equation of gully progression (stepwise regression) in Sharif Water shed

I3 st gehaws 5 V0! yud s >l ol 2 Wslae XSl
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Y \
< Syl Js
- - Cowl ot - FUNPSRR s
032%) 9 S Total Gullies
1% 0.63 - 0.83 Y =02X3+ 23 S adgs
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X3= by 6V Coluns, XA=aJl di VU colus, X22=Na

9 Sl YL (Stunod & 295 b g 485 Oj90 Groe p5ed |
Gk I S (5a)55 om i b g ST Jobo (st b 2y 05
L) g 03905 (1SSl ol b Awians 1) dilaie (659 S Sllos
S lp canals okd 53 3)lge 1 ogMe ol |y o hyiaS
(o bwgio o> a5 amd o i plas ssul o5 (claaiSST
SNA QIA 5 ¥5IA XEIA ANY Jolno o iy 5 5 oo
bowgio olime ol 039 8SST Job 15 g Sl Ceomid > OF/A
3 ey 4an) o VEIY 9 YAV Jlaie b (caiSol aibaio o,
Lo oad pMel odgame )3 48 ol (WSl Jobo )3 5 Sl
3 pinpiebep Glacss lp 2oV B G oF) (el
YO g VWYL ,olp EC jlads b wgio a Silayangi Ly
35 (S blyen it (i 5 1S sl 2o 3 (rtonjod
Sy9= plis ol o )3 Gialu b dbml 5 SB (luLE Jelgs
@l ool 58 SB e jlude Vb (6)58  ogds o canV,
o 9998 GBS Byre Cluogad il 5 VL (F) Joio
L g odd (wypad S YU pudw oo Jdd 4y 4 S cl
el sl Sein Ml Sle (1SS
A3l G i sl ojo> uSe iy Gy 55l o> 0
B ol ol lanisSl &S sy o St @0 1y 3blie Juo )y
ot s Sl YU 350l s (6,031 sgMe 4y oyl
P S Al gandh cwl dilaie 3 yiids it LS Caxdg
L oglo o3 48 umd o (L5 i iy 5l 0> (slaais
AFIY 5 FVIES XA MY Jslas s dy (pb 5 s 0
5 s ol g WG] Jsb 53 g (Slin Caond > FO/Y FAIY
5o e L, oS iy vl 45 (YY) SO ¢y,
o) Sl Gl o 3 s basgie il o Sl L0y

AU cos 4By i g Gy 0325 ply > LS U8,
lodly ¢,Lol edow o)l Baiod jo ] Golaie Jawe Jolge
Sl Shy wuisl (5528 5 Jelss o roe o 3 (L3 3925
9 ()_oui o g b)»._wf) _\_‘SQT LS"L‘““) CewdYl ol ¢—9|9 ),orj
VL () (i 5 ST o1 by (o0
LS by )8 US> Jalse opl & idlbe SB (598 (9
Fob o Sl emlio Sl pl 65)5l3S (SNl 352
b bS] Job i, xSl cpsized lodS sl S|
Sahe (pie YA/Y 3gais iy i 3Sul 0jg pd o Yo 090 S5
VeV ol o) 4 Jlade g yie VoA/Y gis Jobo b iy Al
ok 15y (Sile plia 55wl 0 53 sl 0392 0)93 (il o 0
Cd iy A Hlbe (e YAF dgds 0493 opl (b, oSl
ool 039 o Y/A )_sl).» UT d.wof )l.\p.o 9 yo YAIA D9 J}]o
iy sl ojn 50 il Jobo (g (al8l Yo 5 S0
dilate b s 55 4 Ay bl S5ul ojgs 4 s
g 00d 3 S ale old (6o 0 Cllgy plin 50l 0je 4 Caus
Gl 4zl b S Lasuie e o 3 g s Oyge 4 1S
S a5l Gl Mkl s 4 plaa sl o5 50 S Jb 5
Sl yne > QUlg, cadlate o8 (S b g (ot 9 )9)
g g 0l piyd Sl g old i SNy g Cglite
)JBLAA, Cauwl 0313 L}&m I) uuu.\.wos J)A dld&w (P UM"L’
sl lla ) (SlsS 365 () oylecd S5 53 o )
=2l S b s 7 A Ol plia ).aoi 0jg> 5O
3 =l etly; sl bezg a4 ang b adhaie oyl p3 il o o,
Sy ogng daw by a ohb g sl (eSS bl
oo (o Ojgo 4 joia plia jul 0jo> )3 )5 9 CutS Bk



VPPY igds (wyie jusul G0395 SBASSOT b ynd 0 550 Jolge o

S (5 4ol

b Lot 15y 45 ol s 3adod oyl §) ol gl
3 i Jlw > 20 VXS Jlahe L (e (5 ddg> 5 il
Oizad ol 03gy Jlo 3 e VAY Jlade b (65,0liS” (6 dde
3 Jslge et 48 3> i 34390 (slaodls (gylel o
o S35 55l S8 b eplin s5ul 0 oSl b S
sl 3y (MOl s g 0,y2u8) WSOT Sl sVl (> @8l s
YU ccsd SLS oy o cdow) owlid ooy 355k SS9
HLS 50 Jolos opl &S ciil oWl it e 9 S (5905 009
LSl Jo-b 9y sl (ammlio sl yuw (LS by, 538
S YIA JBlas dlw Yo 0y90 S (b )d 45 5 )5ka diled S sl
L s iy ol 0jg> 3.5l aisly Job aiy yie YA/A yiSTos
LSl adgl alas g (Sl CunsVl Colus IS sl (550 )8
s oo 4 AU Job (5558 el putes etz on 9

Cawl 045 2o VoA jiSTas 5 Y4/

W

delse sy lie Cov Slaiod )bl @i dlis )
ol Jbo plin a5 039 (liwjgb il SladiSol (518 9o
QUi (b @lin 5 (5y9liS (hjgsl g Clidod S ye bawys

Sl s il yd (s o conl ao )3 Fr 4 o5 adlaie
VEIY g YWY Jlacie L ply (caiSST dilato oy bawgio ol jae !
oads pMsl ogume 5 (WSl Jobo 53 5 Ly )3 i &) o>
rioiled GbSE (ly aop Y BA g F) sl bwg
Syl 41,8

cadbaio cpl SloniSyl Ui GV 53 cod 039 j2b Sy
Js an asly e (b j e s gyl 0l Sbml (xdans Sl
S 52l spigdeh o baiSl sl o (alS g (b
Dy ylad S Ldgy 1 Vb ()5 5 el Sl S
Oy Sl b el ol @l Awnlie b Gl sl
sleabl 1 glaio o b &S (5950 4 il Aol o Wlgi e
S oS celbid 55 LSl 45 0351 £3580 ol 2l 53 (V) (sdes]
e > Sl YL g adgl dbl cod Jiagly cnl )3 298 o0
Sar S Jo b byt L oS cal 70 ) e oS
Sly alps (Bl by j8 9395 S Bk g 6l )l dne
ol 03 wal 3 iSOl Job 05,

Dl &S Canl S5 pl 9o 35 (V) e 5 Sipj il
D03 )48 0o )3 YUSF s o3gamme ,d iSol 2y o yd B+
s £55 5] Bblio st 5 SB il dauiSl e s o)y
2 dele cnl G285 g (V) g clllae )3 & cul il (o)
ool 005 AT Saitins G 9 Ay Sligusy lgic 4 15080

dl)).‘\i wl).a i L)"l UKM’» d.L.wﬁ R Cawl o.\g); UML
"'\';)IJLYO fM.CI l) 395

&b

1- Abedini M. 2005. Research in gully erosion of West Plain Hadishahr southern highlands (North West Azarbaijan)
through methods and new techniques. Geography and Development Iranian Journal, 3(6):93-113. (in Persian)

2- Ahmadi H., and Mohamadi A. 2008. Gully land management and modeling through analysis of impact factors to
determine the gully longitudinal growth potential (case study: Hableh Rood basin). 4" national conference on
watershed management. Faculty of natural resources. University of Tehran. Karg. Iran.

3- Bayati Khatibi M. 2006. Gully characteristics and factors controlling the gullying processes. Geography and
Development Iranian Journal, 4(7):115-137. (in Persian)

4- Bou Kheir R., Wilson J., and Deng Y. 2007. Use of terrain variables for mapping gully erosion susceptibility in
Lebanon. Earth Surface Processes and Landforms, 32(12): 1770-1782.

5- Carey B., Gray J., and Seagrave C. 2001. Gully erosion, The State of Queensland, Department of Natural Resources
and Mines.

6- Evans R. 1980. Mechanics of water erosion and their spatial and tempora controls. an empirical view point. In
Kirkby M.J., Morgan R.P.C., (Eds.). Soil erosion. Chichester, Wiley, 109-128.

7- Geyik M.P. FAO watershed management field manua gully control. No. 13/2. Trandated by Abbasi. 2002.
Registered 421/81.

8- Gomez Gutiérrez A., Schnabel S., and Lavado Contador F. 2009. Gully erosion, land use and topographical
thresholds during the last 60 years in a small rangeland catchment in SW Spain. Land Degradation & Development,

20(5):535-550.
9- Karimi M., Vali Samani J., and Ghodousi J. 2007. Investigation of effective factors on gully erosion and predicting

of longitodinal growth. 10" national Congress on Soil Science. Iran. Kargj. (in Persian)
10- Malik Ireneusz. 2007. Dating of small gully formation and establishing erosion rates in old gullies under forest by



AP 0 — 0T oyleds ¥V al> (S g ol a5 VFFY

means of anatomical changes in exposed tree roots (Southern Poland).pp:41-82.
11- Martinez-Casasnovas J.A., Concepcion Ramos M., and Garcia-Hernandez D. 2009. Effects of land-use changes in
vegetation cover and sidewall erosion in a gully head of the Penedes region (northeast Spain). Earth Surface

Processes and Landforms, 34 (14):1927-1937.

12- Mehrjerdi Z., Soufi M., and Choupani S. 2007. Investigation of effective factors on gully erosion in Griz region of
Hormozgan Province. 10 national Congress on Soil Science. Iran. Karg). (in Persian)

13- Meyer A., and Martinez-Casasnovas J.A. 1999. Prediction of existing gully erosion in vineyard parcels of the NE
Spain: alogistic modelling approach. Soil and Tillage Research, 50(3-4):319-331.

14- Moghimi E., and Ghodsi M. 2014. Study the inter put environmental parameters affecting on gully formation and
development. Watershed Management Research(Pajouhesh & Sazandegi), 27(2):113-122. (in Persian with English
abstract)

15- Morgan P., and Mngomezulu D. 2003. Threshold condition for initiation of valley-side gullies in the middle veldt of
Swaziland. Catena, 50:401-414.

16- Mortezaei Gh., Ahmadi H., Ghodousi J., Feiznia S., and Jafari M. 2008. Evaluation of the quantitative effects of
environmental parameters on occurance of gully erosion. Journa of the Iranian Natural Resources, 60(4): 1211-
1223. (in Persian with English abstract)

17- Nachtergaele J., Poesen J., Oostwoud Wijdenes D., and Vandekerckhove L. 2002. Medium-term evolution of a
gully developed in aloess-derived soil. Geomorphology, 46(3-4):223-239.

18- Nazari Samani A., Ahmadi H., Jafari M., Boggs G., Ghoddous J., and Malekian A. 2009. Geomorphic threshold
conditions for gully erosion in Southwestern Iran (Boushehr-Samal watershed). Journal of Asian Earth Sciences,
35(2):180-189.

19- Nazari Samani A., Ahmadi H., Mohammadi A., Ghoddousi J., and Salajegheh A. 2010. Factors controlling gully
advancement and models evaluation (Hableh Rood Basin, Iran). Water Resources Management, 24(8):1531-1549.
20- Nourmohamadi F. 2006. Alometry and gully sediment yield of Darreh Shahr- llam province. Thesis of M.Sc. in

watershed management. Tarbiat Moddares University. 74p.

21- Richter G., and Negendank J. 1977. Soil erosion processes and their measurement in the German area of the
Moselle River. Earth Surface Processes 2: 261-278.

22- Rostamizad Gh., Salgjegheh A., Nazari Samani A., and Ghodousi J. 2015. Determination of effective factors on
longitudinal growth of gullies and prediction of its development. Journal of Quantitative Geomorphological
Researches, 4(1):46-58. (in Persian)

23- Servati M., Ghodousi J., and Dadkhah M. 2008. Factors effecting initiation and advancement of gully erosion in
loesses. Pgjouhesh & Sazandegi, 78:20-33. (in Persian with English abstract)

24- Shahini Gh., and Charkhabi A. 2007. The relationship between gully erosion and watershed characteristics and soil
in loess hills north of Gorgan. 10" national congers of soil science. Agriculture and natural resources campus.
University of Tehran. Kargj. Iran.

25- Soil  Science Society of Americaa 2001, Glossary of soil science terms, Madison, WI,
http.//www.s0il s.0org/sssagl oss.

26- Soleimanpour M., Soufi M., and Ahmadi A. 2010. A study on the topographic threshold and effective factors on
sediment production and gully development in Neyriz, Fars Province. Iranian Journal of Natural Resources(Range
and Watershed Management), 63(1):53-41. (in Persian with English abstract)

27- Verachtert E., Van Den Eeckhaut M., Poesen J., and Deckers J. 2010. Factors controlling the spatial distribution of
soil piping erosion on loess-derived soils: A case study from central Belgium. Geomorphology, 118(3-4):339-348.

28- Zareh Chahooki M.A. 2010. Data analysis in natural resources researches using SPSS. Tehran University Press. 310

p.

29- Zinck A., Lopez J., Metternich G.l., Shrestha D.P., and Vazgez-Selem L. 2001. Mapping and modelling mass
movement and gullies in montainous areas using remote sensing and GIS techniques. International Journal of
Applied Earth Observation and Geoinformation, 3(1):44-53.



(632915 gbus 3 pole) S g T & pi
VEEY-VPES .o AFAS o — 13T b o)leis ) il

Journal of Water and Soil
Vol. 31, No. 5, Nove.-Dec. 2017, p. 1432-1446

Deter mination of Effective Factorsin Gullies Development in M odar es
Water shed of Shushtar

F. Soleimani! M. Soufi?' - A. Orsham3
Received: 25-04-2017
Accepted: 05-07-2017

Introduction: Khuzestan province with 4.6 million hectares area has suitable agricultural lands that gully
erosion destroyed some parts of them. One of the magjor basins in which much of its agricultural land threatened
by gully erosion is located in Modarres watershed of Shushtar. Gully erosion progression in this basin causing
the loss of farmland and thus the farmers are leaving farming and consequently would lead to poverty and
migration to urban areas and social consequences. Therefore, presenting a model to determine the factors that
impact on gully erosion and erosion hazard zonation for conserving and stability of the land need to research
and investigate on gullies of Khuzestan province.

Materials and Methods: Study areais located in Shahid Modares basin that large parts of these farm lands
destroyed by gully erosion. The aim of this project is to identify the main factors affecting on linear gully
development and modeling them. For this purpose, distribution maps of climate and the gully was determined.
Then a Watershed from each climate class with the highest losses was selected. At last Haddam watershed with
warm-arid climate and Sharif watershed with warm-semi arid climate were selected. And 15 gullies were
selected from each watershed then some parameters studied and measured in these gullies. Finally relationship
between the length and volume development of gully with watershed characteristics, Physio-chemical soil
properties, the percentage of vegetation cover, pebbles, bare soil, litter, slope and upstream area of head cuts,
rainfall and different land use area a 20-year period (1993-2012) were analyzed. Modeling of the gully
development was done using multivariate regression.

Results and Discussion: The results showed that in Haddam watershed the gully number A17 had most
elongation (78.8 meters) while the gully number B2 had lowest elongation (3.8 meters). In Sharif watershed the
gully number B3 had the most elongation (108.1 meters) while the gully number B4 had the lowest elongation
(1993-2012). Gully clustering results showed that gullies of Haddam’s watershed were in two clusters and
gullies of Sharif’s watershed in the three clusters. The fina equation for the development of Haddams gulliesin
the cluster one shows the amount of development in these gullies depends on three variables including upstream
area of initial point (X4), the percentage of bare soil (X6) and slope of initial point (X2). At cluster two the
amount of progress in these gullies depends on silt percent (X18) and PH(X23). The final equation for the
development of Sharif’s gullies in the cluster one shows the amount of progress in these gullies depends on
upstream area of head cut(X3). At cluster two the amount of development depends on two variables upstream
area of initial point (X4) and Sodium content (X22). In Haddam’s watershed more than 80 percent of land use is
covered by rain fed and irrigated land. Unlike Sharif’s watershed that more than 80 percent of pasture land form.
In addition, measurement of upstream watershed area reflects very poor range condition. In this region, due to
the dlight slope in gully head cut the surface runoff has not velocity but also due to lack of canopy cover in
gullies’ watershed and low soil permeability because of silt frequency and high salinity in the soil profile
increases the risk of gully development. In this research, slope of head cut upstream and slope of initiates point is
less than 5 percent at total gullies that are correlated with development of gully elongation. However, due to
poverty and lack of vegetation cover conditions provided for gully linear growth.

Conclusions: Gully erosion is a form of progressive erosion that allocated the largest portion of soil
degradation in different climates to itself. Gullies behavior against its spreading and growth is affected by

1- PhD in Watershed Engineering, Researcher at Soil Conservation and Watershed Management Research Department,
Khuzestan Agricultural and Natural Resources Research and Education Center, Agricultural Research, Education and
Extension Organization, Ahvaz, Iran
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and Natural Resources Research and Education Center, Agricultural Research, Education and Extension Organization,
Ahvaz, Iran
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different environmental factors. In this research, available data analysis in Haddam’s watershed showed that the
most important factors on the gully development were watershed characteristics on gully headcut (area and
dope), the fine geological formation (silt), acidity and high soil salinity. These factors along with poor
vegetation cover and agricultural land had created an excellent platform for gully elongation so that over a 20
year period have at least 3.8meter per year and a maximum elongation 78.8 m. In Sharif ‘s watershed showed
that the most important factors on gully development were upstream area of head cut, upstream area of initiate
pointed amount of sodium which caused to 10.1 and 108.1 meters minimum and maximum linear development
respectively.

Keywords: Cluster analysis, Haddam and Sharif watershed, Gully clustering, Gully erosion
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Figure 1- X-ray diffractogram bulk sepiolite (S: Sepiolite, P: Paligorskite, Q: Quartz, D: Dolomite)
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Introduction: Sepiolite is a fibrous clay mineral which is usually found in Tertiary sediments in arid
environments. The most abundance of sepiolite is between 30° to 40° latitudes of both northern and southern
hemispheres. Sepiolite is an Mg-rich clay minerals which is very sensitive to weathering. Sepiolite is an
industrial mineral with a variety of applications due to its structural and chemical properties. However, the clay
(e.g. palygorskite and smectite) and no-clay (e.g. dolomite and quartz) impurities reduce the quality of sepiolite.
Therefore, removing the impurities enhances the quality of the main clay mineral. Mineral purification consists
of a series of chemical (e.g. acid treatment) and physical (e.g. particle size fractionation, sieving, ultrasonic
treatment) procedures. There is a sepiolite mine in the northeastern Iran, near the city of Fariman. The sepiolite is
a sensitive clay to weathering, especially in acidic solution. Therefore, the objective of this study was to propose
a simple physical method based on particle size fractionation to purify the sepiolite.

Materials and Methods: Sepiolite mine is located around Elyator, a village near the city of Fariman. The
relatively hard sepiolite samples were grinded and passed through a 2 mm sieve. To determine the mineralogical
composition, the powdered samples were analyzed by X-ray diffractometer (model: Explorer). XRF
spectroscopy (model: PHILIPS-PW148) was used to identify the elemental composition. Pipette method was
used to separate the particle size fractions. Firstly, the samples were passed through a 270 mesh (50 um) sieve.
The 0-50 pum fraction was then transferred to the cylinder containing dispersion solution (0.1% sodium carbonate
and sodium hexametaphosphate solution). Based on the settling time of the particles in the suspension, three
classes of particle size of 20-50, 0-20 and <2 pum were separated. Each fraction size was analyzed by X-ray
diffractometer to determine the changes in mineralogical composition. In addition, the intensity ratio of the
indicator peaks of sepiolite to dolomite, palygorskite and quartz were calculated to evaluate the efficiency of
purification.

Results and Discussion: XRD diffractogram of the bulk sample indicated the presence of sepiolite as the
major phase (70-80 %). Dolomite (5-10 %), quartz (10-20 %) and palygorskite (5-10 %) were the minor phases.
Elemental analysis indicated that the amount of SiO,, MgO and Cao were 54.51, 22.29 and 1.70 %, respectively.
This composition confirmed the presence high amount of sepiolite which is in agree with the XRD results.

The particles with >50 um size (sand size) were about 20 % and those with less than 2 um size (clay size)
consisted 37 % of the sample. Silt size particles (2-50 um) were about 43 % of the sample. The XRD
diffractograms indicated that particle size fractionation considerably decreased the amount of quartz. Dolomite
peaks were completely absent in the diffractogram of the < 2 pum fraction. Furthermore, the peaks of palygorskite
were not present in diffractogram of 20-50 um. The intensity of sepiolite peaks considerably increased and the
intensities of the other minerals decreased in relation to bulk samples. This confirmed that the most impurities
were in the fraction > 50 um. The ratios of the sepiolite indicator peak to the dolomite, palygorskite and quartz
indicator peaks in bulk sample were 5.11, 7.28 and 2.82. This ratio was very high for dolomite in < 2 pm fraction
and for palygorskite in 20-50 um fraction. A purification procedure should be both efficient and economic. The
0-20 um fraction composed about 70 % the particles. The separation time for this fraction is also pretty fast.
Therefore, 0-20 pum particles seem to be economically purified. Based on the conventional measurement method
for carbonates (HCI digestion and NaOH titration method), the calcium carbonate equivalent in < 2 um fraction
was calculated to be about 10 % despite removal of dolomite in this fraction. This illustrates that HCI dissolved
the sepiolite. However, if removal of dolomite from coarser fraction by HCI is needed, it should be applied in the
solution with high amount of Mg to prevent sepiolite dissolution.

Conclusion: Dolomite, palygorskite and quartz were the impurities in Fariman sepiolite. There is no
chemical treatment to remove the quartz and palygorskite. Dolomite can be easily removed using HCI, but it
dissociates the sepiolite, too. The result indicated that particle size fractionation as a simple physical method
purifies sepiolite effectively.

Keywords: Fariman sepiolite, Dolomite, Particle size fractionation, Purification
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Table 1- Statistics criteria of physical and chemical properties for 220 soil sample

8 5 1l ., u .- A -
o ye ) & oS " ) s Sl Jols cad b
I Gypsu Organic o D) i e
Stag Statisti pH Sand . Gravel  Lime
tatistics m matter o Silt (%) Clay (%) o by CEC
e (%) (%) (%0) (%) (%) (cmol+ kg-1)
ke 3.33 0.37 8.19 43.28 32.2 24.38 175 26.31 23.7
Average
w 32.34 1.07 8.89 86 54 58 85 61 35.5
Maximum
Ms 0.1 0.01 7.60 8 4 6 1 7 7.4
Minimum
el SlyS g po
Trai  Coefficient of 0.47 1.70 27.83 43.28 32.2 2.03 0.87 2.46 28.1
n variation
“ﬁ““g 0.91 0.98 0.25 0.22 0.37 0.91 0.43 0.95 0.86
Kurtosis
i 0.62 0.61 0.34 0.68 0.34 0.55 0.45 0.33 0.57
Skewness
o2 JL’?; ore) 0.09* 0.31** 0.13**  0.12**  0.07* 0.12** 0.02** 0.12** 0.11**
Normality test
oSl
Average 0.77 0.37 7.83 49.81 35.36 14.95 235 26.42 21.4
W 7.5 1.23 8.3 84 44 26 50 48.5 2.34
Maximum
MS 0.05 0.04 75 30 12 4 2 35 1.8
Minimum
Test G 0.42 1.23 37.62 3.92 4.21 2.53 1.63 2.03 1.26
Coefficient of
variation
“n“"g 3.24 1.31 0.46 0.94 141 0.43 0.37 0 0.79
Kurtosis
Xz 10.11 1.71 0.32 1.67 1.89 0.31 0.94 0.33 0.43
Skewness
039 Jles oo * 0.31** 0.16**  0.01**  0.06* 0.13** 0.2** 0.17** 0.14**

Normality test

2oy 1 Jlsl daw 3 s ioyd 5 Jlois! pdaw ot
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Table 2- Correlation matrix between selected properties for cation exchange capacity modeling for 220 sample

oo , 5 ol
Organic o) Sy o & Saf S uSly  epXw  Cation exchange
mat Clay Silt Sand Gypsum Lime pH Gravel capacity
ter
Ji b.)La
Organic matter
o) 0.82** 1
Clay
Gl 0.44¢  043* 1
Silt
o8 041* 035  -0.29 1
Sand
& 0.11 0.15 0.14 0.05 1
Gypsum
‘_.g\h‘ 0.18 0.26 0.32 0.29 0.26 1
Lime
‘Bpﬁ“ b 045 021 032 022 029 044 1
052 S 0.46* 0.25 0.19 0.21 0.21 0.13 0.35 1
Gravel
ey éJI;Lé B g3 0ge** -057* -053* 031 0.42 0.38 0.29 1

9ol Al o 3 (Eoluan omas (S glike Sy &ilgi (5152 (5] (S Sel,l -3 g
Table 3- Statistics parameter for different stimulating functions of artificial neural networks in train stage

Sy U 699'“‘“" omas (SRS
Motion function Artificial Neural Networks

RMSE R?
AXON (4957 2.37 0.72
Bias AXon (y4u.sT bl 1.81 0.81
Linear Axon ks gusT 2.30 0.74
Linear Sigmoid AXon s 15508 gusS] 2.07 0.77
Linear Tanh Axon _ls csl3b ygusT 2.16 0.76
Sigmoid AXON (y9usT A8 geSun 1.67 0.82
Tanh Axon (y4.5T cal3b 1.94 0.79

090l A g )3 (Eguas (uas (S Gglite S e pilyi g1y (55lel Sl el )y -4 Jou
Table 4- Statistics parameter for different stimulating functions of artificial neural networks in test stage

Motion function Artificial Neural Networks
RMSE R?
AXON 55T 2.37 0.73
Bias AXon (ygu8T ebl 1.74 0.83
Linear Axon ks :ygusT 2.24 0.75
Linear Sigmoid AXON s s3geSu guST 2.00 0.79
Linear Tanh Axon _ls <ol ogusT 2.15 0.78
Sigmoid AXON (9.8 A5 geSun 1.59 0.85

Tanh AXon gusT cil3l 1.86 0.80
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Table 5- Statistics parameter for different number of neurons triggers function Sigmoid Axon in train stage

Sgan onas S
Sy U Artificial Neural Networks
Motion function 099 s RMSE R2
Number of neurons
2 2.20 0.73
3 2.16 0.76
4 2.13 0.79
o 5 1.94 0.84
ST igeSi 6 2.23 0.81
Sigmoid Axon 7 2.54 0.78
8 2.45 0.79
9 2.69 0.75
10 2.67 0.74

09031 Al 5 45 Sigmoid AXON & ye &l Woliio (L yg 4 d1uai (515 (5 Lol (b wiol )y =6 Jou>
Table 6- Statistics parameter for different number of neurons triggers function Sigmoid Axon in test stage

P G ANN
s *yg 43 Dy
Motion function o9 RMSE R?
Number of neurons
2 218 0.74
3 214  0.79
4 203 081
oL 5 1.81 0.87
0S| 2geS 6 211 085
Sigmoid Axon 7 241 079
8 2.36  0.80
9 257 0.78
10 255 0.76
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Introduction: Cation Exchange Capacity (CEC) refers to the amount of negative charges available on the
soil colloids surface. Clay and organic colloids carry a negative charge on their surfaces. Cations are attracted to
the colloids by electrostatic bonds. Therefore, the charge of the soil is zero. For fertility map planning and
commonly indicator of soil condition, CEC is an essential property. CEC is commonly measured on the fine
earth fraction (soil particles less than 2 mm in size). CEC could be obtained directly but its measurement is
difficult and expensive in the arid and semi-arid regions with high amounts of gypsum and lime. Pedotransfer
functions (PTFs) are appropriate tools to estimate CEC from more readily measured properties such as texture,
organic carbon, gravel, pH and etc. Regression PTFs, artificial neural networks (ANN), and hybrids technique
(HA) could be used to developing pedotransfer functions. The prior research revealed that could provide superior
predictive performance when developed ANN model. Furthermore, ANN technique has no comprehensive
method to select network learning algorithm and stopping algorithm in the minimum local. Therefore,
application of optimization algorithms such as Genetic (GA) and firefly (FA) is necessary. The Purpose of the
present study was to evaluate the performance of FA and GA to predict the soil cation exchange capacity by
ANN technique based on easily-measured soil properties.

Materials and Methods: 220 soil samples were collected from 39 soil profiles located in Golfaraj (Jolfa)
area of East Azarbaijan province. The study site lies from 45° 30’ to 45° 53’ east longitudes and from 38° 42’ to
38° 46' north latitudes. Then, soil samples were air-dried and passed through a 10 mesh sieve for removing
gravels and root residues. Soil textural class, organic matter content and CEC were, respectively, determined by
hydrometer, Walkley and Black, and bower methods. The artificial neural network (ANN), artificial neural
network-Genetic algorithm (ANN-GA) and artificial neural network-Firefly algorithms (ANN-FA) models were
applied to predict the soil cation exchange capacity on the basis of the easily-measured soil properties. In ANN-
GA and ANN-FA models, soil CEC was estimated via an artificial neural network and were then optimized
using a genetic algorithm and firefly algorithm. The Genetic algorithms are commonly used to generate high-
quality solutions to be optimized by relying on crossover, mutation and selection operators. The firefly algorithm
is modeled by the light attenuation over fireflies” mutual gravitation, instead of the phenomenon of the fireflies
light. The schema of flashes is frequently unique for specific types. The techniques’ results were then compared
by four parameter, i.e., correlation coefficient (R?), root mean square errors (RMSE), Nash—Sutcliffe (NES) and
Geometric mean error ratio (GMRE).

Results and Discussion: The correlation coefficients of soil characteristic factors with CEC were analyzed
through correlation matrix analysis. According to this analysis, the factors which had insignificant influence on
the CEC were excluded. The clay, silt, sand and organic matter content were selected as input data. The
parameter of the best deployment for MLP network could be used to predict CEC in the studied site. This model
comprised 4 neurons (sand, silt, clay percentage and OM) in input layer. The optimum number of neurons in
hidden layer was estimated to be 5. Additionally, the most efficient activity function in hidden layer was Axon
sigmoid. Results showed that three CEC models performed reasonably well. ANN-FA model had the highest R?
(0.94), lowest RMSE (1.31 Cmol* Kg?) and highest Nash-Sutcliffe coefficient (0.53) in training stage and high
R? (0.97), lowest RMSE (1.06 Cmol* Kg) and highest Nash-Sutcliffe coefficient (0.59) in test stage. ANN-GA
model had also higher R?(0.91), lower RMSE (1.77 Cmol* Kg1) and higher Nash-Sutcliffe coefficient (0.45) in
training stage and higher R? (0.93), lower RMSE (1.50 Cmol* Kg1) and higher Nash-Sutcliffe coefficient (0.48)
in test stage indicating good performance of the model as compared with ANN models. The results showed that
both ANN and Hybrid algorithm methods performed poorly in extrapolating the minimum and maximum
amount of CEC soil properties data. In addition, the comparison of ANN-FA, ANN-GA results with ANN

1- Assistant Professor Shahid Bakeri High Education Center of Miandoab, Urmia University, Urmia, Iran
(*- Corresponding Author Email: m.sarvati@urmia.ac.ir)
2- Assistant Professor of Soil Science Department, Urmia University, Urmia, Iran
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models revealed that ANN-FA was more efficient than the others.

Conclusions: The results of present study illustrated that ANN model can predict CEC with acceptable
limits. Therefore, FA and GA algorithms provide superior predictive performance when is combined with ANN
model. Firefly algorithm as a new method is utilized to optimize the amount of the weights by minimizing the
network error. Final results revealed that this suggested technique improves the modeling performance.

Keywords: Easily-measured properties, Hybrid algorithm, Optimizations
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Table 1- Some of the physical and chemical characteristics of the studied soil
S el pH EC(dSm?) CEC(Cmol*kgl) OM (%) CCE (%) N (%) Fe
Soil Texture ' (mg.kg™)
o 9 777 1.82 9 0.48 20.5 012 127 30 232
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Figure 1- SEM and EDX images (a) and (b) Iron oxide nanoparticles (F3) and M onodisper seiron oxide nanoparticles (F4)
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Table 2- Analysis of variance interaction between iron and level of spraying on some growth parameters, concentration and
absor ption of iron in the shoot and root and leaf enzyme activity

Mean Squre Slag po (uSSbo
S ol &3 <o i, adidg 5 b Jadg 45 Mg 55 bl
SOV Dry weight of Dry weight of Chl.a Chl.b Carotenoid - f
< Iron Con. in Shoot
oot root

ca 1 0.0707ns 0.0866ns 0.0487ns 0.2653ns 0.0960ns 65.9611**

F° 9 4.6195* 1.7682* 1.2724* 3.2515* 0.2790* 1139.9126**
C*F 9 3.2281* 0.8102* 0.0464* 1.5689* 0.0486ns 608.3000**
Error 40 0.0502 0.0489 0.0362 0.1016 0.0221 0.2864

C.V. (%) - 8.1430 12.7817 7.0469 16.5579 16.9214 1.2433
Mean Squre Slag po (uSbo
2 C}'N C L 3 ‘}‘ﬂ s ) o _ ;
stlop ol on adyy p ool da JSLE - olyssul CAT YU
S dnio <
Iron absor btion in 2 absorption in root GPOX APX
P Iron con. in root
shoot

ca 1 264.5580ns 172904.3538** 1394310.75* 0.0000ns 0.0005ns 0.0000*

F° 9 17155.5808* 93076.7315** 1453765.54* 0.0000* 0.0004* 0.0000*
C*F 9 14275.6744* 67921.1812** 620250.62* 0.0000* 0.0001* 0.0000*
Error 40 82.1200 0.313 20698.67 0.0000 0.0000 0.0000

C.V. (%) - 7.3600 0.0786 11.6454 17.5531 13.0092 6.9734
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Table 3- Comparison of the mean effects of intractionsiron resources and level of spraying on some growth parametersin
shoots and roots of the plant

Treatment ks lop PNl S (5e ady) SUiS oy a Jdg I5 b Jadg S
(9.L 1) ool z gk ool ale Dry weight of shoot Dry weight of root Chlo. a Chlo. b
Iron levels I on sour ces (9.Pot™) (9.Pot™®) (mg.g! fresh weight) (mg.g! fresh weight)
(C) wali 0.71 0.569 2310 0.94%"
F1 2.18fd 1.04f 3.14® 2.83°
F2 3.77% 2.11P¢ 3.002¢ 1.57¢
F3 3.70% 2.46% 3.072¢ 2.23d
F4 2.08% 1.48% 2.79bcd 3.992
0.25 F5 2.53¢ 2.51%® 2.770cd 1.649f
F6 3.46° 1.68% 3.02ac 2.87°
F7 2.93de 1.62de 2.654% 1.96%e
F8 2.019" 1.55% 1.55 0.69"
F9 2.36f9 2.662 2.42fh 1.18f9n
F1 5.442 2.35% 2.86%¢ 1.28fdn
F2 2.9g4 1.45d% 3.073¢ 1.96%e
F3 2.76d% 1.51d 3.09% 3.03°
F4 3.97° 2.34% 2.71%de 2.47%
0.5 F5 2.84de 2.722 3.04c 2.520¢
F6 2.25 1.73cde 3.202 1.74%
F7 2.84de 1.34¢ 2.83%c 1.39¢9
F8 1.72" 1.04f 1.76 0.919"
F9 3.80% 1.79% 2.57¢9 2.47%

(P<0.01) s Jl3 ixo (ygiw y2 5D diliiie Bgy by gl 1 Slio
Means with the same letters in each column are not significantly different (p<0.01)
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Figure 2- The simple effects of iron resour ces on the amount of the leaf car otenoid
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Table 4- Comparison of the mean effects of intractionsiron resourcesand level of spraying on concentration and absor ption
of iron in shoots and roots of Sorghum

Treatment Lo

eIl )3 ool s

- — wlod plail ,5 ol clalé Ay y 48 ol clale EW TR JURTS
o2l goba ol qubie Iron Con. in Shoot el o Iron con. in root Iron absorption in
(gL Iron (mgkgh) Iron absorption in (mg.kg?) root
Iron levels sour ces shoot
(C) wls 28.79 20.36™ 677.15™ 380.609"
F1 28.89' 63.244 798.21" 833.80
F2 31.58¢ 119.06f 753.31 1591.30°
F3 31.42% 116.41f 662.00" 1625.50°
F4 31.00% 64.524 460.421 683.00°9
0.25 F5 33.00 83.65 844.31¢ 2122.60°
F6 77.52° 268.432 735.21 1238.10¢
F7 84.422 247.32° 871.73¢ 1414.40%
F8 35.52 71.44K 841.42¢ 1301704
F9 44.79° 105.84fdh 1007.942 2687.70%
F1 39.36¢ 214.24¢ 384.84° 904.20%
F2 58.944 175.70¢ 448.00° 652.8019
F3 35.73 98.79" 793.10 1198.30¢
F4 37.15" 147.39¢ 517.79° 1210.40¢
05 F5 60.94¢ 173.19¢ 812.94° 2210.00°
F6 44.58¢ 100.18¢%" 700.05' 1210.704
F7 58.314 165.61¢ 909.89° 1218.30¢
F8 40.89f 70.55k 810.479 848.20
F9 36.63" 1390.32¢ 524.63° 941.50°

(P<O.0L) s s sime g 2 53 o B9 b (glaysSSlie
Means with the same letters in each column are not significantly different (p<0.01)
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Table 5- Comparison of the mean effects of intractionsiron resources and level of spraying on Enzyme activities; Catalase
(CAT), Ascor bate per oxidase (APX) and Guaicol peroxidase (GPOX) in leaves of Sorghum
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Means with the same letters in each column are not significantly different (p<0.01)
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Introduction: First and the most important requirement of human being is food and food supply, which is
directly, or indirectly associated with agriculture. Iron is a critical element for the growth, expansion and survival
of the plant, since multiple metabolic and a physiological process is essential for the proper functioning.
Agricultural areas in the world have a high pH in soil, which in turn decreases iron absorption by plants. Iron
deficiency depending on many soil and environmental factors as well as plant genetic that in turns can decrease
the yield and product quality. One method of overcome iron deficiency in plants is foliar application. A foliar
application of iron fertilizer in agriculture is the common practice, especially in soils that accompanied with iron
deficiency. The proper use of various types of fertilizers is the main solution to improve and maintaining soil
fertility and increase crop production. The objective of this study is to evaluate the effect of foliar application of
iron sources on growth parameters, concentration and absorption of iron in shoot and root and enzymes activity
of catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPOX) on forage sorghum plant to
determine the best combination of iron fertilizer.

Materials and Methods: An experiment was conducted in a completely randomized design with factorial
arrangement and three replications in greenhouse condition on forage sorghum (Sorghum Bicolor (L.) Moench)
varieties of speed feed. The treatments included two levels of iron (0.25 and 0.5 g Fe.L™* with Control (C)) from
nine iron sources (Iron chelate (F1), Iron sulfate (F2), Iron oxide nanoparticles (F3), Monodisperse iron oxide
nanoparticles (F4), Green nano iron (F5), Polymeric iron chelate (F6), Polymeric iron sulfate (F7), Polymeric
iron oxide nanoparticles (F8) and Polymeric monodisperse iron oxide nanoparticles (F9)). The soil was obtained
from educational and research greenhouses of Zabol university and after air drying and sieving passing 2 mm,
some physical and chemical characteristics of soil such as texture, pH, electrical conductivity, cations exchange
capacity, calcium carbonate equivalent, organic matter, total nitrogen contents, available P contents, available K
contents and available Fe contents was measurement. Spraying of iron resources performed in two stages (4 leaf
and the two weeks after first spraying). After two months of planting, the shoot cut from the surface of the soil
and roots of the plants collected. Some parameters such as shoot and root dry weight, chlorophyll a b and
carotenoids, iron concentration in shoot and root, iron absorption in shoot and root, and activity of the enzyme
(catalase, ascorbate peroxidase, guaiacol peroxidase) was measured. The experimental data examined using
Excel and SAS 9.4 statistical software and the averages were compared using Duncan’s Multiple Range Tests at
0.01 and 0.05 significance level.

Results. Results analysis of variance indicated that the interaction effects between iron resources and iron
level on the dry weight of shoots and roots, chlorophyll a and b, iron absorption in shoots and roots, enzymes
guaiacol peroxidase. Ascorbate peroxidase and catalase were significant at the level of 5 percent and iron
concentrations in shoots and roots were significant at the level of 1 percent. The carotenoid content in leaves in
the simple effects of iron resources was significant at the level of 5 percent. According to the results, foliar
application of treatments on dry weight of shoots and roots, Fe concentration and Fe absorption by shoots and
roots, chlorophyll a, b and the enzyme activity of APX, GPOX in addition CAT were significantly increased
compared to Control. Foliar application at 0.25 g Fe.L?, chlorophyll b in the treatment of monodisperse iron
oxide nanoparticles, Fe concentration and Fe absorption in the shoots in treatments of polymeric iron sulfate and
polymeric iron chelate, respectively. Fe concentration and Fe absorption in the roots in treatment of polymeric
monodisperse iron oxide nanoparticles and APX activity in iron chelate treatment increased significantly
compared to control. At level of 0.5 g Fe.L™?, dry weight of shoots in the treatment of iron chelate, dry weight of
roots and CAT enzyme in the treatment of green nano iron, chlorophyll a in the treatment of polymeric iron
chelate and GPOX enzyme in the treatment of monodisperse iron oxide nanoparticles were compared with the
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control increased significantly. The simple effects of iron sources indicated that the highest level of carotenoids
observed in the foliar application of polymeric iron chelate.

Keywords: Ascorbate peroxidase, Dry weight of shoot and root, Monodisperse iron oxide nanoparticles,
Polymeric iron sulfate
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Table 1- Some of the physical and chemical characteristics of the studied soil
S el pH EC(dSm?) CEC(Cmol*kgl) OM (%) CCE (%) N (%) Fe
Soil Texture ' (mg.kg™)
o 9 777 1.82 9 0.48 20.5 012 127 30 232
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Figure 1- SEM and EDX images (a) and (b) Iron oxide nanoparticles (F3) and M onodisper seiron oxide nanoparticles (F4)
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Table 2- Analysis of variance interaction between iron and level of spraying on some growth parameters, concentration and
absor ption of iron in the shoot and root and leaf enzyme activity

Mean Squre Slag po (uSSbo
S ol &3 <o i, adidg 5 b Jadg 45 Mg 55 bl
SOV Dry weight of Dry weight of Chl.a Chl.b Carotenoid - f
< Iron Con. in Shoot
oot root

ca 1 0.0707ns 0.0866ns 0.0487ns 0.2653ns 0.0960ns 65.9611**

F° 9 4.6195* 1.7682* 1.2724* 3.2515* 0.2790* 1139.9126**
C*F 9 3.2281* 0.8102* 0.0464* 1.5689* 0.0486ns 608.3000**
Error 40 0.0502 0.0489 0.0362 0.1016 0.0221 0.2864

C.V. (%) - 8.1430 12.7817 7.0469 16.5579 16.9214 1.2433
Mean Squre Slag po (uSbo
2 C}'N C L 3 ‘}‘ﬂ s ) o _ ;
stlop ol on adyy p ool da JSLE - olyssul CAT YU
S dnio <
Iron absor btion in 2 absorption in root GPOX APX
P Iron con. in root
shoot

ca 1 264.5580ns 172904.3538** 1394310.75* 0.0000ns 0.0005ns 0.0000*

F° 9 17155.5808* 93076.7315** 1453765.54* 0.0000* 0.0004* 0.0000*
C*F 9 14275.6744* 67921.1812** 620250.62* 0.0000* 0.0001* 0.0000*
Error 40 82.1200 0.313 20698.67 0.0000 0.0000 0.0000

C.V. (%) - 7.3600 0.0786 11.6454 17.5531 13.0092 6.9734
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Table 3- Comparison of the mean effects of intractionsiron resources and level of spraying on some growth parametersin
shoots and roots of the plant

Treatment ks lop PNl S (5e ady) SUiS oy a Jdg I5 b Jadg S
(9.L 1) ool z gk ool ale Dry weight of shoot Dry weight of root Chlo. a Chlo. b
Iron levels I on sour ces (9.Pot™) (9.Pot™®) (mg.g! fresh weight) (mg.g! fresh weight)
(C) wali 0.71 0.569 2310 0.94%"
F1 2.18fd 1.04f 3.14® 2.83°
F2 3.77% 2.11P¢ 3.002¢ 1.57¢
F3 3.70% 2.46% 3.072¢ 2.23d
F4 2.08% 1.48% 2.79bcd 3.992
0.25 F5 2.53¢ 2.51%® 2.770cd 1.649f
F6 3.46° 1.68% 3.02ac 2.87°
F7 2.93de 1.62de 2.654% 1.96%e
F8 2.019" 1.55% 1.55 0.69"
F9 2.36f9 2.662 2.42fh 1.18f9n
F1 5.442 2.35% 2.86%¢ 1.28fdn
F2 2.9g4 1.45d% 3.073¢ 1.96%e
F3 2.76d% 1.51d 3.09% 3.03°
F4 3.97° 2.34% 2.71%de 2.47%
0.5 F5 2.84de 2.722 3.04c 2.520¢
F6 2.25 1.73cde 3.202 1.74%
F7 2.84de 1.34¢ 2.83%c 1.39¢9
F8 1.72" 1.04f 1.76 0.919"
F9 3.80% 1.79% 2.57¢9 2.47%

(P<0.01) s Jl3 ixo (ygiw y2 5D diliiie Bgy by gl 1 Slio
Means with the same letters in each column are not significantly different (p<0.01)
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Figure 2- The simple effects of iron resour ces on the amount of the leaf car otenoid

0 L oS > ol il (a8 5 (st 5 55 55
oanlite 105 5 (] S 20 55 5 F (il Joons 53
o g ool @lie Jlite lasaly (lopSike duglio mls
2 ol e (gt o ool ol J (Sl (F Jgan) (ot Jgoxe
onl pyS VD clale L (VEAFY) FB Jlos 4 bgsye (lea plsl
aS a5l o yal Gla oy yieS b (YY) aals 4 caws y2d o
WYL cldale & bgyye oS b LS (gl dme Sialal plp VWY
PR S (3 5 (PSS 2 5 e VYIOY) (alsn plail )5 ol
25 {1 Jyin) a5l (G5 55 5 YIFP) Lol
ol oo (8Y) lan 5 bl gl b o il 310
Sl 5,,LS b log) Sailes 5o cpal clale 45wl 515 s
Ol pgedn 58 Iy (I OI3E (a3 L sl )3 Blae
il g Jsleo 5 45 las 363l L 00 (sl oS )3 polic
(Sl &5 iy s 55 4y g o 25 L 5 e (5SS
Loyl JLasl 5 Sy Gayb 5l oldel ols el slg o ol)36b
D9 olS 5o

oS yu pal Cia g il
e 5 ool gl 99> blite glatsly (uil)ly 4520 o
54y 5l o oal LG o dase (i 2l s
g > g phl g 4y oal Gl g oy ) Sl s
s (Y Jais) aoly L (gl ime Gili8l o3 & Jlazs |
Sl e a5 0] e 41535 i 11 Sl sl
F7 Jias & byiye oln plil o yal Clilé oy s 5 5l i
o > 3 oal £ IVO as 13 (p SIS 2 p)S e AY/YY)
2 g el azbl b ime Gislial yoly ¥ dald 4 o oS WSl
S S ks WIBY Bl 6 o ] s e
il Lajloss ol dp G FT 5l 1) 5l gine (2l 381 0 it
o 3 oal p)S o ID 4 +IYD jlles o (I L (F Jgae)
F3F2 FL slbloss § psS 5 oS 5 olon plal ool il
ySad 5y ¥ 50l i gl sine sl F8 4 F5 4
4 byoye s ol o ol clale o i o5 i ol (FA)
7 35 e NOV) (3 Jgloxs oo 4y ol SIS 5 5 ¥/0 Lo
aBl o)l xe il aals b duslie oS del condy (p,5 kS
2l les 4 barye olgn plisl )5 ol clale lade oy yieS D
(%) e 9 3L (¥ Jo2) 392 (p)55hS" 2 p55 (e YAIVA)



VPVY sy ol sl o o8] @b (il Joloxo 5T

P55 sy iy 9 (g 1] )3 ol Do g CLE 1 (b glore i 9 (T @ilie W9 Jalite O ST (Sl dulie —€ Jgor
Table 4- Comparison of the mean effects of intractionsiron resourcesand level of spraying on concentration and absor ption
of iron in shoots and roots of Sorghum

Treatment Lo

eIl )3 ool s

- — wlod plail ,5 ol clalé Ay y 48 ol clale EW TR JURTS
o2l goba ol qubie Iron Con. in Shoot el o Iron con. in root Iron absorption in
(gL Iron (mgkgh) Iron absorption in (mg.kg?) root
Iron levels sour ces shoot
(C) wls 28.79 20.36™ 677.15™ 380.609"
F1 28.89' 63.244 798.21" 833.80
F2 31.58¢ 119.06f 753.31 1591.30°
F3 31.42% 116.41f 662.00" 1625.50°
F4 31.00% 64.524 460.421 683.00°9
0.25 F5 33.00 83.65 844.31¢ 2122.60°
F6 77.52° 268.432 735.21 1238.10¢
F7 84.422 247.32° 871.73¢ 1414.40%
F8 35.52 71.44K 841.42¢ 1301704
F9 44.79° 105.84fdh 1007.942 2687.70%
F1 39.36¢ 214.24¢ 384.84° 904.20%
F2 58.944 175.70¢ 448.00° 652.8019
F3 35.73 98.79" 793.10 1198.30¢
F4 37.15" 147.39¢ 517.79° 1210.40¢
05 F5 60.94¢ 173.19¢ 812.94° 2210.00°
F6 44.58¢ 100.18¢%" 700.05' 1210.704
F7 58.314 165.61¢ 909.89° 1218.30¢
F8 40.89f 70.55k 810.479 848.20
F9 36.63" 1390.32¢ 524.63° 941.50°
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Means with the same letters in each column are not significantly different (p<0.01)
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Table 5- Comparison of the mean effects of intractionsiron resources and level of spraying on Enzyme activities; Catalase
(CAT), Ascor bate per oxidase (APX) and Guaicol peroxidase (GPOX) in leaves of Sorghum

Treatment ,log

OLD) 0¥ 2% |0 sour ces ool gt (Unit.Fresh W) GPOX  (Unit.Fresh W) APX  (Unit.Fresh W) CAT
Iron levels

(C) sali 0.0063" 0.060° 0.0110°¢

F1 0.0080fd" 0.076?2 0.0120°

F2 0.0093def 0.032" 0.0103¢

F3 0.0035! 0.0540cd 0.0106°

F4 0.010Qpcde 0.040¢fgh 0.0126°

0.25 F5 0.0096%e 0.044defgh 0.0110°¢
F6 0.0066%" 0.0470def 0.0063%"

F7 0.0116% 0.0464f 0.0063%"

F8 0.00904%f 0.0520cde 0.0063%"

F9 0.0110%¢ 0.04QPcdef 0.0090¢

F1 0.0040' 0.060° 0.0076¢

F2 0.0090% 0.061° 0.0063

F3 0.0103°cd 0.054bcd 0.0056"

F4 0.0123? 0.0530d 0.0060"

0.5 F5 0.0110%¢ 0.0454¢fg 0.0160?
F6 0.00904¢f 0.037fen 0.0070f¢

F7 0.0080fd" 0.033¢" 0.0080¢°

F8 0.010QPcde 0.04gPodef 0.0060"

F9 0.0083¢9 0.044defan 0.0056"

(P<0.01) Canss Jl3 gixo (ygiw y2 5D diliiie Bgy by gl Slio
Means with the same letters in each column are not significantly different (p<0.01)

(5 0ig 2 5 3 ls 1 ¥V) F2 Jlos )3 i 55 ool o5 - /Y0
G ime LaalS Loy AV/D sallis 4 Caus oS 10,5 sdalin
2] Clleb ol St 55 Gl o 4 sy o0 iy 8L
cby 15 b Blgi e & sl aly (2alS jlanT, @lysS]
Cbale Vo ann (V' Joion) Sis g Liuliél b &Sl aab (VF)
oials ey Sl s 4 (F Jsiz) (lsn pll ool clalé) ol

ol glore gaw 5 ol lie blite slatoly (5:Siko duglio

aS amd o i O Jgdo 53 ISy @lbyeSul il culld
2 3 opl o) IV a4y bgiyo w3l ol cdled it
Aald &) Cos o5 28l on (5 0jg 2 )5 52 2ly /- VE) FL Jlo
Sdne I3l a0 )3 YV (15 (jjg 32 p)S g3 Sly </ +5)
o 5 jlnSTy GlyeSil w3l cullsd e oy jieS canl sl



30 F6 s F3 lajloys o FA jLes jhogde jlausly JoSLE
By (YY) hlSen 5 g dl) (0 Jsin) 18l ()l dxe Siolj8l
05,8 oanliie al 3sa (alyls 3,530 3 1 Jlasusly colled
Ol lao o 55 9 Judg S (58 (3l g o)lgan cpal ge8
5 YU 1l jla ] Lo 55T el talS g cundlyg)lS

(5+) 35,5 on a1,y

IS (S Ao

ol (il oo a5 oal wlio Jlite slosoly @b

o)l Slao 1l )5 ol )5 - /VO o )3 bl Jglore 23 00
P e les plisl 3 el Cis g ccble F4 jlas o b
9 F9 )les o i) o ol i g cbile F6 9 F7 (slolos
Solsme Gial3-8l FL Jlas )3 5laasTyy clysSl o3l clled
Uiyl iyl oyl g a0 48 15305 s Al 4 Conns
3 ol pyS /0 a3 Lol bl (gl gxe ialS Geb lan
peil g acde) SS9 FL o )3 lgn plul S8 (g 2
JSLE w5l 5 FB o )38 Jdg 5 FS Jlowi )5 YLK
Bl aald o Cond (g5l me BRI FA le ) jlacs]y
A8 s it 5y A 5e5)lS e s ya] gulio o3l slately
Jald 4y Cauws a5 A sdalie FB jlad ;0 054558 Jlude oy sy
a5y 3y ely; sla gimgi ol aBly gyld bxe (iul58l
rolie S8l dsiae 53 ey 3glb Slae e Syt 005 43S
Sba)losi el 5L 3)90 (55yslitS oS UsS Ll )b 3 (2138
b 5 andly july 3u805 & Sl ple Simgly )3 4y )10 (s peal
P Fie OLaES g o) ST 4l GOl clajingh mls «

D)5 o0 duogs dc o g LS aw > diej

Sty bS] il Cdleb tnlS el doets 15 g didly
Job yo ol dles 1 S I3 51 g ban 2 i ol 0003,5
e ST o1 Gl LSl g s sl (- Sao sl
d5-b yider (59rde dpS Sl 55 9 JeSg)am 9 b e
aS 2] o Hleda olae il des  bajlasTy ¢ a;YBIS .(0)
Codle ol G)l> (fhajpd G5 4 Gl )3 (oot Sl BB
slapis] gl adg g ol Coaan sbml cage (LS )5 2l
Loy )3 S e el oS )5 |y guilignsS] i o 5o Jleb
lagise 5o (ST Al Sl 5 (9,0 STy (xbo
(B) 3550 Sl oS (clmassly Caliseo
e g 5 ool e Jlie sloaoly (ke aslic
Orpdy 45 w3 e o5 0 Jgin )3 JlaSTyy JSUE w3l
FA JLas y2) o ol p)5 /0 oo & bgrpo il ol il
Wl Ay S 48 3l oo (35 0Jg 2 p)S 3 S5l </ YY)
Sisine Gal38l 3o p3 YAIVA (5 059 2 p)5 53 4y </« +5Y)
95 2 @l 053, s QS > ppal Sl ) 53l iy
el Lioli8l caw opal 5l edlizl (Bacops monnieri L.) oLS
9 9b LSy )3 jlansTy el pals g ady) ) jlasTy
3ol Ly dglio 3 Sy 50 o g iy 5 o SlyygSl (g5
JSLE o3l cdled Jlido a8 (F4) o ol tals- 8l
o[+ X0) F3 jLass y> yid 3 pdl )5 o /V0 g )3 sl
1 BY) 38 4 o 5 1355 el (3 iy 5 5 0y
Jeds Bl (gl ize LialS ao A (5 59 0 psS 40 Sl
Ol A boye dilgie STy JSUE w3l clleé Jials
axrgs B cB) 3l hawgi a5 3L olS lge pluil as) SLeSU
L (YF 5 0F) ol ol ()35 5500 (ediions bawg 5 ASb oo
o230l el 3 al o5 [0 4 <Y I ppal e 2l

&l

1- Alidoust D., and Isoda A. 2014. Phytotoxicity assessment of -Fe,Os nanoparticles on root elongation and growth
of rice plant. Environmental Earth Sciences, 71:5173-5182.

2-  Armin M., Akbari S., and Mashhadi S. 2014. Effect of time and concentration of nano-Fe foliar application on
yield and yield components of wheat. International Journal of Biosciences, 4(9):69-75.

3-  Arnon D.l. 1949. Copper enzymes in isolated chloroplast, polyphenol oxidase in Beta vulgaris. Journal of Plant

Physiology, 24:1-75.

4- BeersG.R,, and Sizer 1.V. 1952. A spectrophotometric method for measuring the breakdown of hydrogen peroxide

by catalase. Biological Chemistry, 195:133-140.

5- Bhattacharjee S. 2005. Reactive oxygen species and oxidative stress, senescence and signal transduction in plants.

Current Science, 89:1113-1121.

6- Borowski E., and Michalek S. 2011. The effect of foliar fertilization of French bean with iron salts and urea on
some physiological processes in plants relative to iron uptake and translocation in leaves. Acta Scientiarum

Polonorum Hortorum Cultus, 10(2): 183-193.

7-  Bouyoucos C.J. 1997. Hydrometer method improved for making particle size analysis of soil. Agronomy Journal,

54:464-465.



1A 0 — 0T oyled ¥Vl (S g ol a i VFVE

-
10-

11-

13-

14-

15-

21-

22-

23-

24-

26-

27-

28-

29-
30-

31-

32-

33-
34-

Broschat T.K., and Moore K.K. 2004. Phytotoxicity of several iron fertilizers and their effects on Fe, Mn, Zn, Cu,
and P content of African Marigolds and Zonal Geraniums. Horticultural Science, 39(3): 595-598.

Cottenie A. 1980. Soil and plant testing as abasis of fertilizer recommendation. FAO Soils Bull, 38: 70-73.

Cui H.C,, Sun Q,, Liu J,, and Gu W. 2006. Applications of Nanotechnology in Agrochemical Formulation. p. 1-6.
Perspective, Challenges and Strategies, Institute of Environment and Sustainable Development in Agriculture,
Chinese Academy of Agriculture Sciences, Beijig, China.

Datirl R.B., Apparao B.J., and Laware S.L. 2012. Application of amino acid chelated micronutrient for enhancing
growth and productivity in chili (Capsicum annum L.). Plant Sciences Feed, 2(6): 100-106.

Delfani M., Baradarn Firouzabadi M., Farrokhi N., and Makarian H. 2014. Some Physiological Responses of
Black-Eyed Pea to Iron and Magnesium Nanofertilizers. Communications in Soil Science and Plant Analysis,
45(4): 530-540.

Fang Y., Wang L., Xin Z., Zhao L.Y., An X.X., and Hu Q.H. 2008. Effect of foliar application of zinc, selenium,
and iron fertilizers on nutrients concentration and yield of rice grain in China. Journal of Agricultural and Food
Chemistry, 56:2079-2084.

Feil B., Moser S.B., Jampatong S., and Stamp P. 2005. Mineral composition of the grains of tropical maize
varieties as affected by preanthesis drought and rate of nitrogen fertilization. Crop Science, 45:516-523.

Ghafari H., and Razmjoo J. 2013. Effect of Foliar Application of Nano-iron Oxidase, Iron Chelate and Iron
Sulphate Rates on Yield and Quality of Wheat. International Journal of Agronomy and Plant Production, 4(11):
2997-3003.

Godsey R.J., and Johnson B. 2001. Seed treatment, seeding rate, and cultivar effects on iron deficiency chlorosis
of soybean. Journal of Plant Nutrition, 24(8): 1255-1268.

Grillet L., Mari S., and Schmidt W. 2014. Iron in seeds loading pathways and subcellular localization. Frontiersin
Plant Science, 4:535.

Helmke P.A., and Sparks D.L. 1996. Lithium, sodium, potassium, cesium, and rubidium. p. 551-574. In D.L.
Sparks (ed.) Methods of soil analysis. Part 3. Chemical methods and processes. Madison, Soil Science Society of
America

Hemeda H.M., and Kelin B.P. 1990. Effects of naturally occurring antioxidants on peroxidase activity of
vegetables extracts. Journal of Food Science, 55: 184-185.

Hu J., Guo H., Li J., Gan Q., Wang Y., and Xing B. 2017. Comparative impacts of iron oxide nanoparticles and
ferric ions on the growth of Citrus maxima. Environmental Pollution, 221:199-208.

Kaur N.P., Takkar P.N., and Nayyar V.K. 1984. Catalase, peroxidase, and chlorophyll relationship to yield and

iron deficiency chlorosis in Cicer genotypes. Journal of Plant Nutrition, 7:1213-1220.

Ksouri R., Debez A., Mahmoudi H., Ouerghi Z., Gharsalli M., and Lachaa M. 2007. Genotypic variability within
Tunisian grapevine varieties (Vitis vinifera L.) facing bicarbonate-induced iron deficiency. Plant Physiology and
Biochemistry, 45: 315-322.

Li J.,, Chang P., Huang J., Wang Y., Yuan H., and Ren H. 2013. Physiological effects of magnetic iron oxide
nanoparticles towards watermelon. Journal of Nanoscience and Nanotechnology, 13:5561-5567.

Lindsay W.L., and Norvell W.A. 1978. Development of DTPA soil test for zinc, iron, mangnese and copper. Sail
Science Society of American Journal, 42: 421-428.

Lucena J.J. 2006. Synthetic iron chelates to correct iron deficiency in plants. p. 103-128. In L.L. Barton and J.
Abadia (ed.) Iron nutrition in plants and rhizospheric microorganisms, Springer: Dordrecht.

Mahmoudi H., Ksouri R., Gharsalli M., and Lachaal M. 2005. Differences in responses to iron deficiency between
two legumes: Lentil (Lens culinaris) and chickpea (Cicer arietinum). Journal of Plant Physiology, 162(11):1237-
1245,

Marschner H., Romheld V., and Kissel M. 1995. Different strategis in higher plants in mobilization and uptake of
iron. Journal of Plant Nutrition, 9:695-713.

Masonic A., Evacoli A., and Mavoti M. 1996. Spectral of leaves deficient in iron sulphur, magnesium and
magnese. Agronomy Journal, 88(6):937-943.

Mikkelsen R.L. 1994. Using hydrophilic polymers to control nutrient release. Fertilizer Research, 38: 53-59 .

Mikkelsen R.L. 1995. Using hydrophilic polymers to improve uptake of manganese fertilizers by soybeans.
Fertilizer Research, 41: 87-92.

Moaveni P. 2014. Study the priming of nano iron on biochemical traits of Sorghum (Sorghum Bicolor L.). Data
Management Association (DAMA) International, 3(2):102-108.

Mohamadipoor R., Sedaghathoor S., and Mahboub Khomami A. 2013. Effect of application of iron fertilizers in
two methods ‘foliar and soil application' on growth characteristics of Spathyphyllum illusion. Iranian Journal of
Horticultural Science and Technology, 3(1):232-240.

Monica R.C., and Cremonini R. 2009. Nanoparticles and higher plants. Caryologia, 62: 161-165.

Mortvedt J.J., Mikkelsen R.L., and Behel A.D.Jr. 1992. Grain sorghum response to granular formulations of iron



35-

36-

37-

38-

40-

41-

42-

55-

56-

57-

59-

sources and hydrophilic polymers. Journal of Plant Nutrition, 15: 1913-1926.

Motsara M.R., and Roy R.N. 2008. Plant analysis. p. 80. In Guide to laboratory establishment for plant nutrient
analysis. Food and Agriculture Organization of the United Nations.

Nadi E., Aynehband A., and Mojaddam M. 2013. Effect of nano-iron chelate fertilizer on grain yield, protein
percent and chlorophyll content of Faba Bean (Vicia faba L.). International Journal of Biosciences, 3(9): 267-272.

Nakano Y., and Asada K. 1981. Hydrogen peroxide is scavenged by ascarbate specific peroxidases in spinach
chloroplasts. Plant cell physiology, 22: 867-880.

Navarro E., Piccapietra F., Wagner B., Marconi F., Kaegi R., Odzak N., Sigg L., and Behra R. 2008. Toxicity of
silver nanoparticles to Chlamydomonas reinhardtii. Environmental Science and Technology, American Chemical
Society, 42(32): 8959-8964.

Nenova V., and Stoyanov |. 1995. Physiological and biochemical changes in young maize plants under iron
deficiency. Catalase, peroxidase, and nitrate reductase activities in leaves. Journal of Plant Nutrition, 18: 2081-

2091.

Olsen SR., Cole C.V., Watanabe F.S., and Dean L.A. 1954. Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. USDA Circular 939, US Gov. Printing Office, Washington, DC.

Page A.L., Miller RH., and Keeney D.R. 1982. Methods of soil analysis. Part2. 2nd ed. ASA and SSSSA.
Madison, WI.

Ranieri A., Castagna A., Baldan B., and Soldatini G.F. 2001. Iron deficiency differently affects peroxidase
isoforms in sunflower. Journal of Experimental Botany, 52: 25-35.

Reed D.W.M., Lyons J.C.G., and McEachern G.R. 1988. Field evaluation of inorganic and chelated iron
fertilizers asfoliar sprays and soil application. Journal of Plant Nutrition, 11(6-11):1369-1378.

Ren H., Liu L., Liu C., He S., Huang J., Li J., and Gu N. 2011. Physiological investigation of magnetic iron oxide
nanoparticles towards Chinese mung bean. Journal of Biomedical Nanotechnology, 7: 677-684.

Rezaeei M., Daneshvar M., and Shirani A.H. 2014. Effect of iron nano chelated fertilizers foliar application on
three wheat cultivars in Khorramabad climatic conditions. Scientific Journal of Crop Science, 3(2): 9-16.

Rhoades J.D. 1982. Soluble salts. p. 167-179. In: A.L. Page et al. (ed.) Methods of soil analysis. Part 2. 2™ ed.
Chemical and microbiological properties. Monograph Number 9. ASA and SSSA, Madison, WI.

Rui M., MaC., Hao Y., Guo J.,, Rui Y., Tang X., Zhao Q., Fan X., Zhang Z., Hou T., and Zhu S. 2016. Iron oxide
nanoparticles as a potentia iron fertilizer for peanut (Arachis hypogaea). Frontiers Plant Science, 7: 815-825.
Salarpour O., Parsa S., Sayyari M.H., and Jami Alahmadi M. 2013. Effect of Nano-iron Chelates on Growth,
Peroxidase Enzyme Activity and Oil Essence of Cress (Lepidium sativum L.). International Journal of Agronomy
and Plant Production, 4: 3583-3589.

Sinha S., and Saxena R. 2006. Effect of iron on lipid peroxidation, and enzymatic and non-enzymatic antioxidant
and bacoside- A content in medicinal plant Bacopa monnieri L. Chemosphere, 62(8): 134-135.

Shahrakizad M., Gholamalizadeh Ahangar A., and Mir N. 2015. EDTA-Coated Fe304 nanoparticles: a novel
biocompatible fertilizer for improving agronomic traits of sunflower (Helianthus Annuus). Journal of
Nanostructures, 5: 117-127.

Shailesh K.D., Pramod M., Rgjashri K., and Anand K. 2013. Effect of nanoparticles suspension on the growth of

Mung (Vigna radiata) seedlings by foliar spray method. Nanotechnology Development, 3:el. 1-5.

Sheykhbaglou R., Sedghi M., Tajbakhsh shishevan M., and Sharifi S.R. 2010. Effects of nano-iron oxide particles
on agronomic traits of soybean. Notulae Scientia Biologicae, 2:112-113.

Toth S.J., and Prince A.L. 1949. Estimation of cation exchange capacity and exchangeable Ca, K and Na contents
of sails by flamephotometric techniques. Soil Science, 67:439-445.

U.S. Salinity Laboratory Staff. 1954. Alkaline-earth carbonates by gravimetric loss of carbon dioxide. p. 105. In:
L.A. Richards (ed.) Diagnosis and improvement of saline and alkali soils. USDA Agric. Handbook. 60. U.S.
Government Printing Office, Washington, D.C.

U.S. Salinity Laboratory Staff. 1954. pH reading of saturated soil paste. p. 102. In: L.A. Richards (ed.) Diagnosis
and improvement of saline and alkali soils. USDA Agricultural Handbook 60. U.S. Government Printing Office,
Woashington, D.C.

Vattani H., Keshavarz N., and Baghaei N. 2012. Effect of sprayed Soluble different levels of iron chelate Nano
fertilizer on nutrient uptake efficiency in two varieties of spinach (Varamin88 and Virofly). International Research
Journal of Applied and Basic Sciences, 3(S): 2651-2656.

Walkley A., and Black 1.A. 1934. Chromic acid titration for determination of soil organic matter. Soil Science,
63:251.

Wang Y., Hu J, Dai Z., Li J.,, and Huang J. 2016. In vitro assessment of physiological changes of watermelon
(Citrullus lanatus) upon iron oxide nanoparticles exposure. Plant Physiology and Biochemistry, 108: 353-360.
Yousefi S., Rabhi M., Abdelly C., and Gharsalli M. 2009. Iron deficiency tolerance traits in wild (Hordeum
maritimum) and cultivated barley (Hordeum vulgare). Comptes Rendus Biologies, 332(6): 523-533.



WS g0 = 3T B oyleds P s (S g T 4yt VFYA

60- Zuo Y., and Zhang F. 2011. Soil and crop management strategies to prevent iron deficiency in crops. Plant and
Sail, 339: 83-93.



(5329158 @luo g pole) S g O &y s
VEEV_1FA- .o ATAF 63— 55T b okes 1Y il

Journal of Water and Soil
Val. 31, No. 5, Nove.-Dec. 2017, p. 1467-1480

The Effect of Foliar Application of Iron Sourceson Growth Parameters, [ron
Concentration and Activity of Some Enzymes of Sorghum

S. Golshahi- A. Gholamalizadeh Ahangar?*- N. Mir3- M. Ghorbani*
Received: 23-05-2017
Accepted: 09-10-2017

Introduction: First and the most important requirement of human being is food and food supply, which is
directly, or indirectly associated with agriculture. Iron is a critical element for the growth, expansion and survival
of the plant, since multiple metabolic and a physiological process is essential for the proper functioning.
Agricultural areas in the world have a high pH in soil, which in turn decreases iron absorption by plants. Iron
deficiency depending on many soil and environmental factors as well as plant genetic that in turns can decrease
the yield and product quality. One method of overcome iron deficiency in plants is foliar application. A foliar
application of iron fertilizer in agriculture is the common practice, especially in soils that accompanied with iron
deficiency. The proper use of various types of fertilizers is the main solution to improve and maintaining soil
fertility and increase crop production. The objective of this study is to evaluate the effect of foliar application of
iron sources on growth parameters, concentration and absorption of iron in shoot and root and enzymes activity
of catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPOX) on forage sorghum plant to
determine the best combination of iron fertilizer.

Materials and Methods: An experiment was conducted in a completely randomized design with factorial
arrangement and three replications in greenhouse condition on forage sorghum (Sorghum Bicolor (L.) Moench)
varieties of speed feed. The treatments included two levels of iron (0.25 and 0.5 g Fe.L"* with Control (C)) from
nine iron sources (Iron chelate (F1), Iron sulfate (F2), Iron oxide nanoparticles (F3), Monodisperse iron oxide
nanoparticles (F4), Green nano iron (F5), Polymeric iron chelate (F6), Polymeric iron sulfate (F7), Polymeric
iron oxide nanoparticles (F8) and Polymeric monodisperse iron oxide nanoparticles (F9)). The soil was obtained
from educational and research greenhouses of Zabol university and after air drying and sieving passing 2 mm,
some physical and chemical characteristics of soil such as texture, pH, electrical conductivity, cations exchange
capacity, calcium carbonate equivalent, organic matter, total nitrogen contents, available P contents, available K
contents and available Fe contents was measurement. Spraying of iron resources performed in two stages (4 leaf
and the two weeks after first spraying). After two months of planting, the shoot cut from the surface of the soil
and roots of the plants collected. Some parameters such as shoot and root dry weight, chlorophyll a, b and
carotenoids, iron concentration in shoot and root, iron absorption in shoot and root, and activity of the enzyme
(catalase, ascorbate peroxidase, guaiacol peroxidase) was measured. The experimental data examined using
Excel and SAS 9.4 statistical software and the averages were compared using Duncan’s Multiple Range Tests at
0.01 and 0.05 significance level.

Results: Results analysis of variance indicated that the interaction effects between iron resources and iron
level on the dry weight of shoots and roots, chlorophyll a and b, iron absorption in shoots and roots, enzymes
guaiacol peroxidase. Ascorbate peroxidase and catalase were significant at the level of 5 percent and iron
concentrations in shoots and roots were significant at the level of 1 percent. The carotenoid content in leaves in
the simple effects of iron resources was significant at the level of 5 percent. According to the results, foliar
application of treatments on dry weight of shoots and roots, Fe concentration and Fe absorption by shoots and
roots, chlorophyll & b and the enzyme activity of APX, GPOX in addition CAT were significantly increased
compared to Control. Foliar application at 0.25 g Fe.L%, chlorophyll b in the treatment of monodisperse iron
oxide nanoparticles, Fe concentration and Fe absorption in the shoots in treatments of polymeric iron sulfate and
polymeric iron chelate, respectively. Fe concentration and Fe absorption in the roots in treatment of polymeric
monodisperse iron oxide nanoparticles and APX activity in iron chelate treatment increased significantly
compared to control. At level of 0.5 g Fe.L™?, dry weight of shoots in the treatment of iron chelate, dry weight of
roots and CAT enzyme in the treatment of green nano iron, chlorophyll a in the treatment of polymeric iron
chelate and GPOX enzyme in the treatment of monodisperse iron oxide nanoparticles were compared with the

1, 2 and 4- Former M.Sc. Student, Associate Professor and Instructor in Soil Science, Soil and Water Engineering Faculty,
University of Zabol, Respectively

(*- Corresponding Author Email: ahangar@uoz.ac.ir)

3- Assistant Professor in Chemistry, Department of Chemistry, University of Zabol, Zabol, Iran
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control increased significantly. The simple effects of iron sources indicated that the highest level of carotenoids
observed in the foliar application of polymeric iron chelate.

Keywords: Ascorbate peroxidase, Dry weight of shoot and root, Monodisperse iron oxide nanoparticles,
Polymeric iron sulfate
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Table 1- Geogr aphical characteristics studied stations
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Time Period
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latitude
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average annual rainfall
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annual coefficient of variation
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Figure 1- The geographical location of the Urmia Lake basin and selected stationsin the present study
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Table 2- Candidate modelsto fit the NRC curves, at the selected stationslocated in the Urmia Lake basin

Jo 0ot Jao ol 5l Jo B ol
M odel number M odel name M athematical model Parameters
(17) Olascoaga lwg o &)l ol Jio
1 X, = exp(b b
Exponential model provided by Olascoaga (17) « =@ expby,) &
(2) Soman 4 Ananthakrishnan g oas <l ol Jde
2 Exponential model provided by Ananthakrishnan X, =Y, expl-b@-y,)°] b,c
and Soman (2)
3 2N a5 (clabos wix B b 2, g 4 a, b,cd,e
n' degree polynomial X =atby+oy +dy +ey e
4 Hoerl x =ab’y" abc
5 (s 52elyl 93 oLes) Exponential x = e ab
6 (i)l 4w L) Exponential Association (3) x =a(b-e ) ab,c
7 (sls) Powver X = ayb ab
8 (023 Mol Slg) Modified Power x =ab” ab
b
9 (;5,L28) Vapor Pressure a+yiciny ab,c
X =e
10 ((swrin) GeOMetric X = ayby ab
. _ (1
11 Harris X (Amy” ab,c
12 Gompertz X = ae—CkH:y ab,c
13 Logistic X = %+ be o ab,c
_ab+cy®
14 MMF X = %erd ab,cd
15 Weibull « —a_pe VY ab,cd
16 ((sw9iem) SinusOIdl x =a-+bcos(cy +d) ab,cd
: -(y-b)?
17 Gaussian X = ae 42 ab,c
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Table 3- Performance evaluation criteria of used modelsin this study

eyl oo o 5, oo 0,8
Evaluation . ge .
. Reference Statistic equation form
Criteria
. 1¢ ,
RMSE (mm) Dai etal (7) RMSE = _Z(xobsi X i)
nia ’ '
(Z (X gpsi = X_obs,\ ) < (X e i x_model i DA
R? (1ms0) Sentelhaseta (18) R° = —=

—_ 2 — 2
Z(Xobs,i _Xobs,i) Xz(xmodel,\ =X inoda i )
i=1 i=1

andllas 3,90 W0k &ilj9, (5L 0l Ol pasds Ly JBli g ST yslie £ Jouo

Table 4- The values of maximum and minimum coefficient of variation of daily precipitation in the studied stations

Station 5K/

e ; Y dumg,! 4l ye bl
Oyt o & Tabriz Urmia Maragheh Mahabad
Coefficient of variation
el > 5512 4 A . .
Maximum coefficient of variation (cgl) 9.47 (e9)) 10.62 (<)) 15.03 (e4)9.25
August August August August
Syt oyt Jola (Jos) 234 () 263 (Jsl) 260 ()l) 2.59
Minimum coefficient of variation April April April March
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Table 5- The performance evaluation criteria of the most appropriate model (model 2) and its parametersfor NRC curvein
the selected stations in the whole time period

ol ¥ s sl il R’ RMSE (mm) N cv
Station Model 2 parameters
c b
”’” 0.8158 0.0675 0.9996 0.4858 5250 1.3470
Tabriz
9 ‘ 0.8069 0.0745 0.9997 0.4049 4882 1.4262
Urmia
e 0.841 0.064 0.9996 0.4736 2357 1.3384
Maragheh
e 0.8248 0.0667 0.9994 0.5612 2366 1.3566
Mahabad
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Note: b and c are parameters of the model 2 and N is the number of the observed data and cv is the coefficient of variation of data
used (with rainfalls having depth at least 0.1 mm per day)
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Figure 2- NRC curveswith daily normalized rainfall (in the time period) with the minimum depth of precipitation of 0.1 mm
and using the most appropriate model (model 2) at the selected stations: a) Tabriz, b) Urmia, ¢) Maragheh and d) M ahabad
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Figure 3- Scatter plot of cumulative percentage of observed and computed daily rainfalls with minimum depth of rainfall 0.1
mm per day and using the most appropriate model (model 2) at the selected stations: a) Tabriz, b) Urmia, c) Maragheh and
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Figure 4- NRC curveswith daily normalized rainfall in therainiest month of theyear (April) using the most appropriate
model in the studied stations: a) Urmia, b) Maragheh, ¢c) Mahabad and d) Tabriz
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Figure 5- NRC curveswith daily normalized rainfall in the driest month of the year (August) using the most appropriate
model in the studied stations: a) Tabriz, b) Urmia, c) Maragheh and d) Mahabad
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Figure 6- Scatter plot of cumulative per centage of observated and computated daily rainfallsin the rainiest month of the year
(April) and using the most appropriate model in the studied stations: a) Urmia, b) Maragheh, c) Mahabad and d) Tabriz
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Figure 7- Scatter plot of cumulative percentage observated and computated daily rainfallsin the driest month of the year
(August) and using the most appropriate model in the studied stations: a) Tabriz, b) Urmia, c) Maragheh and d) Mahabad
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Table 6- The performance evaluation criteria and the values of parameters of the most appropriate model (model 2) in the
selected stations of therainiest (April) and driest (August) month of theyear for NRC curve

o s obo Y Jao sl el R2  RMSE(mm) N cv
Station month Model 2 parameters
b c
el 0.0537 0.8515 0.9992 0.6934 765 1.2343
$30] April
gl 0.0915 0.7577 0.9997 0.4210 72 1.5129
Tabriz August
Joss! 0.0678 0.8216 0.9997 0.4434 703 1.3480
April
dyos)l &) 0.1263 0.7018 0.9996 0.4167 70 1.7363
Urmia August
Syl 0.0584 0.8645 0.9999 0.2559 341 1.2966
alye April
Maragheh &) 0.2657 0.4768 0.9992 0.6464 24 21273
August
Joys 0.0625 0.8229 0.9993 0.6263 311 1.3104
Sblee April
Mahabad Sl 0.0465 0.8170 0.9993 0.7305 22 1.0133
August

i (59) 50 iocdee /) 51 G 3L L) edlatul 3y90 (glaodld Ol pnss cypi OV 5 (Slialie gloody SN g ¥ Jio (gbayiol )l € g b ren g
Note: b and c are parameters of the model 2 and N is the number of the observed data and cv is the coefficient of variation of data
used (with rainfalls having depth at least 0.1 mm per day)
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Table 7- The performance evaluation criteria of daily rainfall model respectively, in therainiest (April) and driest (August)
month and with minimum depth of rainfall 0.1 mm per day

LYo ol Je 0lewd b o R2 RM SE (mm)
Station Month Name or M odel number
Joyel Exponential Association (3)  0.9993 0.6709
R April
Tabriz &gl 2 0.9997 0.4210
August
Jool @ 0.9997 0.4434
40| April
Urmia &gl 2 0.9996 0.4167
August
Josl @) 0.9999 0.2559
4&lye April
Maragheh &gl 2 0.9992 0.6464
August
Josl @) 0.9993 0.6263
dblee April
Mahabad g 4™ Degree Polynomial 0.9994 0.6707
August
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Introduction: Study of various aspects of daily rainfallsis so crucial from the view of scientific management
of water resources in every region. Iran is located in subtropical high-pressure belt, which had low annual
rainfall. The precipitation regime isvery irregular both in time and space. The East and West Azarbaijan
provinces are known as the important areas of agriculture, especially cereal production in Iran. Therefore, study
of temporal and spatial distribution of daily rainfallsis very important in this region. The purpose of this study is
to extract the best model for normalized rainfall curves (NRC) in the four selected stations namely, Tabriz,
Maragheh, Urmia and Mahabad.

Materials and Methods: In this study, daily rainfalls of four stations namely, Tabriz, Maragheh, Urmia and
Mahabad were used to fit the normalized rainfall curves (NRC). For this purpose, the two custom hydrologic

modelsi.e. X, =&, &Py, ) and X, =Y, exp[-b(1-Y, )] were employed for NRCs. In order to find the

values of X, (cumulative percentage of daily rainfalls) firstly the amount of daily rainfalls observations were
arranged in ascending Order. Then, cumulative percent of rainfall calculated during the time period. The NRC

curves of each station, plotted by drawing the X, versus Y, for a total statistical period, separately. This was

done for a given month (eg, January) data across the whole period and whole day's rainfall during the
consecutive months of the years of the study period. In the latter case, the daily rainfals of the first month of the
first year of the study period were written consecutively in a distinct column of Excel spreadsheets. Then, daily
rainfalls of the second year were written similarly, following the first years data. Daily rainfals of the third,
fourth and so on were written consecutively in the same mentioned column of Excel spreadsheets. Similarly,
another column attributed to the number of rainy days in the studied period. Then, the values of non-zero daily
rainfalls (arranged in ascending order) accumulated consecutively, and the resulted value were divided to the
total number of observed rainfalls in the period (R). Similarly cumulative rainy days were divided to the total
days (N). Moreover, the other fifteen models (including the power, exponentia ...), were tested for the stations
observations separately. Among the mentioned models, the most suitable one is selected according to RMSE and
R? criteria

Results and Discussion: Results showed that the maximum amount of daily rainfall experienced in Mahabad
station in the rainiest month of the year or April (equivalent to 68 mm per day). The minimum value of daily
rainfall belonged to the August (equivalent to 6 mm per day). The shape of NRCs created in this study for period
in each of the four stations, showed that these curves were concave in almost all of the cases. This implies that a
small amount of rainfall fell in along period. In addition, the results showed that nearly in all of the stations the

model of X, =Y, exp[-b(d-y, )] had the lowest value of RMSE and the largest value of R*. Therefore, this
model selected as the most suitable one for NRCs of the stations. Although, the Exponential Association (3)
model (in Tabriz) in April and the 4" degree Polynomial model (in Mahabad) in August selected as the most
suitable model for them. Furthermore, the difference of R’statistics for the two models (at both of the time
series) obtained as less than 0.0001. In the rainiest month and driest month of a year, the range of RMSE varied

between 0.2559 mm in April (Maragheh) and 0.6709 mm in April (Tabriz). Moreover, the R® values varied
between 0.9992 in August (Maragheh) and 0.9999 in April (Maragheh). In general, it can be concluded that the
amount of precipitation receives in half of the rainy days is less than fifteen percent of the total rainfall depth. In

this study, the values of R? of the most appropriate model for Tabriz, Urmia, Maragheh, Mahabad obtained as
equal to 0.9996, 0.9997, 0.9996 and 0.9994, respectively.

Conclusions: Among the 17 candidate models, the model number 2 showed the highest R?, and the lowest

1 and 2- Master Student and Associate Professor of Water Resources Engineering, Faculty of Agriculture, Tabriz
University
(*- Corresponding Author Email: fh.ferdosi 71@yahoo.com)
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RMSE. Therefore, the model X, =Y, &Xp[-D(L—Y, )’] was selected as the most appropriate model for

drawing NRCs. Also, the mentioned model, were selected as the most appropriate model for all the months (in
the four stations). The results showed that the NRCs were concave and in most cases, a small amount of total
rainfall fell during the large number of days. In addition, in the two stations namely, Tabriz and Urmia the
amount of rainfall receives in the 25, 50, 75 and 90 percent of rainy days were about two, 10, 30 and 60 percent
of the total rainfall depth, respectively.

Keywords: Daily rainfall, Experimental model, Normalized rainfall curves, Temporal and spatial distribution
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Station Longitude Latitude Elevation (m)
Mazrae a0 45° 35’ 36° 35’ 1500
Afan 8l 45° 38’ 36° 05’ 1500
Pagardan 5. 45° 38’ 36° 37’ 1600
Gakesh Olia U zs18 45° 29’ 36° 28’ 1700
Agasoor .5l 45° 37’ 36° 05’ 1720
Kamem .l 45° 43 36° 34 1750
Khatolras .l ks 45° 05’ 36° 31’ 1750
khalife aals 45° 33’ 36° 44’ 1910
Jandaran |5l 45° 30 36° 25’ 1850
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Figure 1- Location of the study area and snow survey stations
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Introduction: Snow water equivalent (SWE) provides important information for water resources
management and recently has attracted the attention of many researchers using remote sensing. Remote sensing
presents a possibility for observation of snow characteristics, like water equivalent, over larger areas. Validation
of remote sensing data of snow water equivalent (SWE) has always been an important issue for the researchers.
Previous studies have assessed the global SWE data. Although it has been tried by using large-scale models of

the world to estimate SWE, but regional effects such as snow density, topography and local meteorological
conditions may lead to uncertainty.

Materials and Methods: The Northwestern Iran was selected as the study area in this research. Reasons for
choosing this area are being mountainous with much snowfall. Also this region compared to the other parts of
Iran, has more dense snow survey stations. In this study the AMSR-E sensor data and Global Land Data
Assimilation System (GLDAS) was used to estimate SWE in the basins of the northwestern Iran. After
processing AMSR-E sensor data and GLDAS model with related software, SWE was estimated in the snow
survey stations and evaluated with observed data. To specify the snow density effect on SWE data in AMSR-E
sensor from the snow density data, the stations were used. To determine the accuracy of estimation of SWE at
different heights, snow survey stations is arranged by considering height and were divided into four height
classes that contain enough observational data to evaluate computational data in each height class. To verify
SWE obtained estimations in the stations, Root Mean Square Error (RMSE) and Pearson correlation coefficient
(r) assessment criteria were used. After evaluating, the SWE data of AMSR-E sensor and GLDAS model for the
GLDAS model monthly data to estimate SWE was used for the period 2000 to 2015. With calculating average
annual SWE from monthly data, SWE trend changes in mentioned period, the moving averages graphs 3, 5 and
7-year-old was drawn.

Results and Discussion: According to the obtained results, SWE computational data with observational data
had significant correlation at the 1% level. Using in situ snow densities, the correlation coefficient between
AMSR-E and situ SWE increased from 0.27 to 0.55. The results showed that the best estimation of SWE is in the
stations, which have the height of 1,350 to 1600 meters. Also with increasing altitude, the estimation accuracy is
significantly reduced. In most years maximum of the SWE was obtained in January and February and in the
period of June to September, the area was out of snow storage. According to the average annual SWE and
moving averages graphs 3, 5 and 7-years old, the SWE of Northwestern Iran basins in period 2015-2001 has a
reducing trend.

Conclusions: In the regions like the Northwestern Iran mountainous where snowfall constitutes a significant
fraction of total precipitation, the snowpack delays the resulting runoff into the time of year where water demand
is greater. So measurement of snow on the ground has been an important component of hydrologic forecasting
for a century. Various remotely sensed snow data have been widely utilized for cold regions to explore the
relationships between snow distribution, river discharge, and climate change. The accuracy of remotely sensed
snow products should be well understood and incorporated in any investigations using such data. The main
objective of the present study was to quantitatively compare the AMSR-E and GLDAS model for an
understudied region of the earth. AMSR-E global SWE data and GLDAS data were compared by situ SWE
measurements performed in the snow courses. The results showed that the snow density is an effective factor in
derived algorithm for the SWE AMSR-E data. Also with increasing height, precision of the estimation
significantly decreased. The determination of SWE from satellite imagery in progress updated with new
learning. The obtained results from passive microwave in smooth terrain are promising, but involvement of
different mechanisms become more complicated as the terrain gets more complex. Nevertheless, it is believed
that if the above discussions are taken into account, AMSR-E would provide valuable SWE information even for
a mountainous region like Northwestern Iran. It is also hoped that this study would be a starting point in the
water scarce, developing Iran to plan and use the limited supply in a suitable manner.

Keywords: Aqua satellite, Moving average, Snow density, Topography
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Figure 2- Results of modified Mann-Kendall test in evaluation the trend of annual precipitation of studied area
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Figure 5- The trend of monthly precipitation in Jan
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Figure 13- The trend of monthly precipitation in Sep
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Introduction: Despite our scientific development and awareness of the consequences of regional and global
climate change little attention has been paid to the effects of the changes in the Middle East and Central Asia yet.
In the Middle East, climate change is a big challenge, especially if successive droughts and persistent increase as
well as growing demand for water and water shortages attention, the challenge take on a large scale. Iran is a
vast country with a different climate Rainfall distribution. Also precipitation is influenced by air mass entering
the country from the neighboring countries, so rainfall in different regions of Iran is heavily influenced by the
situation in neighboring countries. The aim of this study is evaluation of the trend of annual and monthly
precipitations of the South-West of Asia with modified Mann-Kendall test by considering the effect of
autocorrelation.

Materials and Methods: In this study monthly and annual precipitation data of 4152 rain gauge stations in
Iran and its 15 neighboring in a period of 1970-2014 was used and been downscaled to evaluate the trend of
monthly and annual precipitations. In this study the monthly and annual precipitations time series of
Afghanistan, Azerbaijan, India, Iraq, Kuwait, Oman, Pakistan, Saudi Arabia, Syria, Tajikistan, Turkey,
Turkmenistan, Qatar, Yemen and Iran were used. The purpose of the trend test is to specify the presence or
absence of ascending or descending order in the data series. Since there are assumptions in the parametric
methods such as the normality, stationary and independent variables and this assumption is often not valid for
hydrological variables, the nonparametric Mann-Kendall method that is applicable to the hydrological and
meteorological studies can be used.

Results and Discussion: The results of evaluating the trend of annual precipitation of study stations in the
period of 1971-2014 using the Mann-Kendall modified by omitting the effect of autocorrelation indicated that all
of the regions of Iran has decreasing trend in annual precipitations and there are significant decreasing trend in
the western regions of Iran and western areas of Caspian sea, some central and eastern regions of Iran in five
percentage significantly. The rest of the decreasing trend in annual rainfall amounts included in the country has
experienced. In annual terms in countries, that border the study area is faced with an increasing trend in annual
rainfall amounts so that the country at the center of the crisis (lack of rain) is located. The southern part of India,
southwestern Saudi Arabia, the northern region of Turkmenistan and the eastern regions of Afghanistan and
Pakistan with the increasing trend in annual rainfall amounts over the 1970-2014 statistical has faced. The trend
of monthly rainfall amounts for the month of January (second month) showed that the amount of rainfall during
the month trend of central and eastern regions of the study area is decreasing. In February (second month of the
year) rainfall conditions in the study area as well as in the country in terms of changes time has improved and
areas of Iran is faced with increasing precipitation. Changes decreasing the amount of monthly precipitation in
March moved to the West study area and focus a significant decline in rainfall in the western regions of Iraq and
Syria and Iran. However, in May (fifth month) most regions of Iran, Turkmenistan, northwestern Turkey and the
West areas of India has been facing a decreasing trend in rainfall amounts. Other areas showed an increase in
precipitation. In July (the seventh month), India (regions Northeast and East), Pakistan, Qatar, Saudi Arabia, the
South East of United Arab Emirates has significant decreasing trend in rainfall amounts. Focus of decreasing
monthly precipitation for the August moved to India and much of the country is included. Unlike other months
of the study, in the eighth month (September) process to reduce the amount of monthly precipitation moved to
south western parts of the study area (South West Asian countries) and Saudi Arabia in this month is central of
decreasing.

Conclusion: The results of the annual trend of precipitation in Iran indicated that in an annual scale the North
West of Iran is faced with the significant decrease trend in rainfall. The annual rainfall across eastern and
northern part Iran also has significant decreasing trend and Central regions had a decreasing trend of
precipitation in the period of studied. Iranian medium-scale review of the annual and monthly precipitation
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showed that the annual precipitation is reduced about 1.06 mm per year that the average amount of it’s in the
study area (South-West of Asia) equal to the reduction of 0.33 mm per year which represents more than three
times decreasing precipitation of Iran's regional in a year as South West Asia. Also the results of evaluating the
slope of trend line in different months indicated that in December, March, January, the Iran’s precipitations is
most decreasing as average of annual precipitation in studiing regions about 5, 3 and 5 times respectively.

Keywords: Asia, Meddle East, Modified Mann-Kendall, Trend
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