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Figure 1- Study area and location of hydrometric stations in North-East of Iran
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Table 1- Values of three validation criteria of Kwon (Vk), Xie and Beni (Vxsm), and Fukuyama and Sugeno (Vrs). C is
number of clusters

VxB,M Vs Vk m Vxsm VEs Vk m Vxem Vrs VK m C
0.76 194 55.69 0.75 217 54.69 0.74 235 54.09 2
0.59 91.5 43.54 0.49 409 36.89 0.55 25 41.23 3
0.57 5.84 43.76 0.58 -28 44.21 0.48 -62  36.51 4
0.94 -57.44 74.82 0.51 -77 44.28 0.45 -123  34.28 5
0.35 -92 28.5 2 0.41 -116 3252 17 051 -163 3884 14 6
0.78 -107 65 0.45 -139  36.28 0.52 -188 37.41 7
0.88 -121 75 0.44 -168 30.9 0.44 -209 51.36 8
0.73 -127 61.8 0.36 -175 30.6 0.43 -236 3251 9
0.51 -142 56.8 0.50 -209 42 0.38 -244  28.1 10
0.77 186 56.2 0.75 210 54.95 0.74 230 54.3 2
0.85 92.8 62.7 0.47 52.4  34.98 0.53 27.73 40 3
0.56 14.25 42.36 0.6 -18 455 051 -516 386 4
1.15 -53.8 93.7 0.54 -67.39 50.54 0.47 -108  36.1 5
0.37 -82.7 30.8 21 0.36 -107 291 18 048 -145 377 15 6
0.70 -99.7 60 0.43 -128 39.6 0.41 -165 40 7
0.72 -105 66.8 0.44 -149 34.6 0.45 -215  34.77 8
0.86 -112 73.8 0.54 -169 52.7 0.38 -240 34 9
1.47 -120 1376 0.45 -187  60.88 0.35 -2563 449 10
0.77 178 56.77 0.75 202 55.28 0.74 224  54.48 2
1.15 90 84.63 0.44 68 32,53 051 3278 385 3
0.54 20 41.28 0.59 -6 45.18 0.54 -40  41.46 4
1.33 -5.82 103.4 0.76  -61.24 60.04 0.49 -91 37.6 5
132 -7252 200 22 034 998 272 19 045 -127 3535 16 6
595 -83.66 29817 0.81 -114  66.37 0.49 -149  38.45 7
2.4 -13.91 2966710 0.83 -130  54.69 0.44 -174 349 8
185 -96.92 155.67 0.75 -148 65.6 0.38 -213 304 9
114 -101 2119 0.46 -156  69.56 0.54 -236 444 10

b2y qmal yp oMo b (oSSl By y> g (ool (o) (S729 (57855 A 53 41 by po 03l (a9 o (295 )3 S 22595 - Jgi>
Sl (ol o5 g3 WS (538,55 185 )3 4y

Table 2- Distribution of watersheds in regions. For plain English leters, geological feature is included, while for the other case
(with prime) this feature is not included

asl 2 )5 &Bly ool ol sy aal
Stations in the region Number of stations Region
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Table 3- Results of homogeneity test

Cung iy

& ab & 4l

e H, H, H, Regio o> H, H, H, Regio
Homogeniet n  Homogenie n

y ty

O -0.492 -0.313 0.122 A O -0.492 -0.313 0.122 A
ONed lws -0.154 -0.255 -1.02 B’ O -0.118 -0.075 -0.859 B
O -0.123 -0.078 -0.912 c’ O -0.123 -0.078 -0.912 C
O -0.073 -0.061 -0.082 D’ O -0.253 -0.442 -0.795 D
O -0.193 -0.707 -0.505 E’' O -0.425 -0.311 -0.72 E
O -0.217 -0.417 -0.733 F' O -0.36 -0.254 -0.391 F

931 2855 S g05 5 0kl U (g5 (g b cyuad (55lof (S 595 € 9o
Table 4- Distribution functions for regions by using goodness of fit tests
Region Distribution function
4l S )bl &y s
Three parameter log-Normal

aorp Kkoro

Aand A’ Gyl d Jloy 5 -0.008 -0.4664 0.9741
Generalized Pareto
B " . -0.0028 0.8409 -0.1631
48l press )b
Three parameter log-Normal
Cand C -0.0872 -0.3299 0.9145

el aw Jloy Sg

b Three parameter log-Normal 00658 -0.4493 0.0129
s 4o Jloy S ' | |

£ Three parameter log-Normal 00629 -0.4397 1.001
bl Jlo S5 ' ' '

F Generalized Extreme Value  0.4025 -0.0338 -0.4694
Three parameter log-Normal
Sl aw Jloy Sy
Three parameter log-Normal
Sl aw Jloy Sy
, Three parameter log-Normal
E Gl Lo o5 -0.0931 -0.3517 0.9388

Generalized Logestic
F 458, eSSt 0.0065 -0.3298 -0.5192

-0.1632 -0.2441  0.891

-0.0316  -0.5169  0.9925

Three parameter log-Normal X(F ) =&+ exp (,u +od™* (F ))‘
Generalized Extreme Value X(F ) =&+ % {1 — (— log F )k }‘

Generalized Logestic x(F)=¢& +%(1— (@-F)/F) )

x(F) =<+ 2fa-a-F) )

Generalized Pareto
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Table 5- Coefficients of 4-parameters logarithmic model (Eg. 8) for all regions

RZ MSE 6, 6,
07 027 -19 276
067 017 175 -2

1 0 25 214
054 039 368 -08
061 02 562 -13
055 03 505 -1.24
066 016 1659 -1.86
049 036 853 -1.93
056 019 699 -1.23
042 045 181 -2.38

Region
0, 6, 6, "L
155 -% -2 A
071 -05 -1.1 B
-1.2 331 112 C
0.72 -0.1 -0.7 D
0.64 1.01 -0.7 E
0.61 055 -0.52 F
0.61 -0.37 -0.97 B’
0.84 088 -09 D’
054 045 -0.58 E’
0.22 -0.14 -0.05 F'
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Table 6- Median of relative error for regions corresponding to 5 return periods

Median of relative error (RE)

(RE) (o (slas ailno

T=100 T=50 T=25 T=10 T=5

0.53 0.45 0.35
0.23 0.27 0.35
0.14 0.01 0.04
0.39 037 034
0.43 031 021
0.36 0.45 0.33
0.37 032 0.29
0.44 039 031
0.38 033 024
0.28 026  0.35

Region
aal
0.29 0.16 A
0.37 0.33 B
0.01 0.04 C
036 0.3 D
0.24 0.23 E
0.36 0.39 F

031 0.29 B’
026 0.26 D’
021 0.25 E'
0.43 0.49 F'

Qpred, o
e PN PN BUSCIN I IV
obsi
. . . Qpred,i
Table 7- Evaluation criterion of ————
obs,i

Qpred,i )

e Region

Qobs,i aal

<0.5(%) 2-0.5(7) >2(7%)

9 76 16 A
2.5 95 25 B
0 100 0 C
9 75 16 D
3 90 7 E
7 75 8 F
1 97 2 B’
12 85 3 D’
4 89 6 E
3 78 20 F’
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Introduction: Finding out homogeneous watersheds based on their flood potential mechanisms, is needed
for conducting regional flood frequency analysis. Similarity of watersheds based on flood potential severity
depends on many factors such as physiographic and meteorological features of the watershed, geographical
location and geological features. These criteria although are sound ones, they suffer from this concept that there
is no attention to hydrological losses of runoff into the soil. As a result, current literature lacks for considering
geological features into delineating homogeneous regions. The primary contribution of this paper is to include
one geological criterion on flood regionalization. In a previous study we made a homogeneous classification for
Khorasan Province of Iran without taking into consideration of infiltration features of the region. So, by taking
geological features there may provide a sound comparison to regionalization issue.

Materials and Methods: To find out the effect of geological feature on delineation of homogeneous regions,
73 hydrometric stations at North-East of Iran with arid and semi-arid climate covering an average of 29 years of
record length were considered. Initially, all data were normalized. Watersheds were clustered in homogeneous
regions adopting Fuzzy c-mean algorithm and two different scenarios, considering and not considering a
criterion for geological feature. Three validation criteria for fuzzy clustering, Kwon, Xie-Beni, and Fukuyama-
Sugeno, were used to learn the optimum cluster numbers. Homogeneity approval was done based on linear
moment’s algorithm for both methods. We adopted 4 common distributions of three parameter log-Normal,
generalized Pareto, generalized extreme value, and generalized logistic. Index flood was correlated to
physiographic and geographic data for all regions separately. To model index flood, we considered different
parameters of geographical and physiological features of all watersheds. These features should be easily-
determined, as far as practical issues are concerned. Cumulative distribution functions for all regions were
chosen through goodness of fit tests of Z and Kolmogorov-Smirnov.

Results and Discussion: Watersheds were clustered to 6 homogenous regions adopting Fuzzy c-mean
algorithm, in which fuzziness parameter was 1.9, under the two different scenarios, considering and not
considering a criterion for geological feature. Homogeneity was approved based on linear moment’s algorithm
for both methods, although one discordant station with the lowest data was found. For the case with inclusion of
genealogic feature, 3-parameter lognormal distribution was selected for all regions, which is a highly practical
result. On the other hand, for not considering this feature there were no unique distribution for all regions, which
fails for practical usages. As far as index flood estimation is concerned, a logarithmic model with 4 variables of
average watershed slope, average altitude, watershed area, and the longest river of the watershed was found the
best predicting equation to model average flood discharge. Determination coefficient for one of the regions was
low. For this region, however, we merged this region to other regions so that reasonable determination
coefficient was found; the resulting equation was used only for that specific region, however. By comparing the
distributions of stations and also two evaluation statistics of median relative error and predicted discharge to
estimated discharge ration corresponding to 5 different return periods (5, 10, 20, 50, and 100 years). Both
perspectives showed acceptable results, and including geological feature was effective for flood frequency
studies. With considering the geological feature for regionalization, Besides, Log normal 3 parameters
distribution was found appropriate for all of the regions. From this point of view, geological feature was useful.
Median of relative error was lower for small return periods and gradually increased as return period was
increased. Median of relative error was between 0.21 to 00.45 percentages for the first method, while for the
second method it varied between 0.21 to 0.49 percentages. These errors are quite smaller than those reported in
literature under the same climatic region of arid and semi-arid. The probable reason may due to the fact that we
made a satisfactory regionalization via fuzzy logic algorithm., We considered another mathematical criterion of
“predicted discharge to the observed discharge”. The optimum range for this criterion is between 0.5 and 2.
While under-estimation and over-estimation are found if this criterion is lower than 0.5 and higher than 2,
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University of Mashhad, Mashhad, Iran, Respectively
(*- Corresponding Author Email: bijangh@um.ac.ir)
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respectively. Based on this premise, 75 to 95 percentages of stations were categorized as good estimation under
the first method of analysis. On the other hand, 78 to 97 percentages of stations were considered good for the
second approach.

Keywords: Flood index, Fuzzy cluster analysis, Infiltration measure, Non-data watersheds
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Introduction: Today, always some occurrences threat the earth. One of the most important of this event is
seepage from earth dam. It can wash interior body of earth dam that finally might ruins whole the earth dam. For
investigating these events in this research some experiments for expressing some alternatives to solve this
problem in earth dam with clay core were investigated. In first step has been introduced new design in earth dam
that it includes earth dam with clay core.

Materials and Methods: In order to determine the height of the filter after the vertical clay core in non-
homogeneous earth dam,3 experimental model with length 2/4 meter and a height of one meter and Body slope
1H: 2V was prepared. This model made in Shahrekord University. In flume that has 0.6 meter with, 6-meter
length and 1-meter height. This flume has a drain in downstream which determine the discharge through earth
dam. Front of flume made glass for visual inspection and behind flume made by steal sheet that was welded.
Also, for embankment model, two types of fine-grained and coarse-grained soils were used that determine the
range of hydraulic conductivity of soils was performed with Using aggregation experiments model and Soil
Mechanics hydrometer. For embankment model use layer have 0.1meter height and this layer was impacted after
an after. Finally, dam was built. The slope of models was elected in reference that had normal range and had
economical cases. In the first downstream the dam crest was used fine-grained soil and upstream of the dam crest
was used coarse-grained soil finally experiment done. In models 2 and 3 with cutting fine grained soil from the
toe of the dam to the dam crest vertical clay core was created. The parameter a /L was introduced. A is thickness

1
of clay core and L is the Length base of the dam although in the second model = Eand the third

1
modelf = g Wwas selected. Level of water in pound was performed in 3 water height 80 and 55 and 30 and in 3

level of water determinate pressure with 30 embedded piezometers and this data was used in method model .as
well as phreatic line was determinate by using of wells and 30 embedded piezometers in the model. Seven holes
were instated in body of earth dam in 3 models for visual inspection of phreatic line. In 3 model of earth dam
decline clay core in laboratory for show this effect in discharge and phreatic line use Method model. Then the
rates of decline in clay core in the laboratory with modeling in software PLAXIS V8.5 were compared. The rate
of high filter after the clay core with safety factor 1.2 (Encounter Line Leak with 20% of the bottom filter) was
introduced. Finally use SAS software to compare the result of data in filth and software after that comparing
show can use software for continue the experiment with Method Model. With change the permeability in PLXIS
V8.5 modeling another state. Permeability, this modeling showed that tackiness and permeability of vertical core
soil effect in height of vertical filter in downstream. So, can decline this case with choose non-permeability in
core. That show in result of this paper. With the class of soil and permeability and change the tackiness of core
can estimate height of filter in downstream.

Results and Discussion: Finally, Analysis and comparison between water Failure in interface of fine-grained
and coarse-grained soils, both of Software model and laboratory model have a relatively well fit. To obtain the
height of Suggested filter, the software model was used to simulate the experiments and Subtracting the
thickness of the fine-grained. By applying safety factor of 1.2, Height was designed to filter and after that the
clay core was introduced. Software model results show that by increasing clay core thickness the angle of
broken-seepage line is increased. Also, the experimental model can emphasize this matter. Finally, by using
vertical clay core against the clay core with slop can improve the application of earth dam and by using his plan
can improve and diminish the seepage from the earth dam body that this design process was expressed in this
research.

Keywords: Height Filter, Model of non-homogeneous earth dam, Software PLAXIS V8.5, Thickness of the
clay core
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Figure 1- The layout of experimental setup (including plants and the micro lysimeter) in a- surface drip (DI) and b-
subsurface drip (SDI), irrigation systems
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Table 1- Physicochemical properties of the soil

" 3 ., . w 5 ., .
SB Gas ";’:’“ ':f ) ‘T” w’b ) ’, 9 “f’b T gl S gl S b
Soil depth (cm) $A €1y G b @1 B35 pH EC (dS m?) Soil texture
BD (g cm?) FC (%) WP (%)
0-20 1.42 225 9.8 7.8 1.41 s
Loam
20-40 1.42 22.4 9.6 7.9 1.21 s
Loam
40-60 1.42 22.1 9.5 8.14 2.46 s

Loam
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Table 2- Climatic parameters of the experimental region

olo by Jilas Lo pSTas ba cpile o Cugby Sl 3L s p Sile
Month Tmin (OC) Tmax (OC) Tavg (OC) RHavg (96) Uzavg (m Shl)
a0
20.4 36.5 32 5.04
August
e 18.2 335 38 4.16
September
2P
115 24.7 49 4.82
November
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Table 3- Irrigation depth and actual evapotranspiration under surface (ETc pi) and subsurface drip (ETcspi)
irrigation system

CulS 5l g S0 P (gloyhad (3ymi pded (o 15 (gl b (3 iy sl O Gos
Stages after planting ETc-SDI (mm) ETc-SDI (mm) Irrigation depth (mm)
sl 79 77.83 79.71
Initial
ey 142.56 140.15 143.41
Development
She
. 155.53 153.94 156.72
Middle
ooz 377.09 371.92 379.86
Sum
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Figure 2- Variation of actual evapotranspiration, transpiration and soil evaporation in irrigation systems: a - surface drip
(DI) and b- subsurface drip (SDI)
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Table 4- Ratio of soil evaporation and corn transpiration to evapotranspiration in surface drip (DI) and subsurface drip
(SDI) irrigation systems

Gl iy by uad Jlpe Y &?o-?u tyw éw.in B ww&ww Py ww ze«w
Irrigation Growth season 8 o 8 G- & G- A
system stages YET: (mm) SE (mm) YT (mm) ST/ETe (%) SE/ETe (%)
“’%’_‘ 77.91 73.02 5.88 7.54 93.72
A Innitial
L;claw LS]D)JaS P,
Surface drip g 7 142,57 65.73 76.82 53.88 46.10
(DI) Advance
ﬁfL"‘ 155.53 37.32 118.21 76 23.99
Middle
“’-?’_' 77.84 65 12.78 16.42 83.50
b  glo las Innitial
Subsurface drip N 140.16 58.83 81.31 58.01 41.97
(SDI) Advance
ﬁ"L"‘ 153.94 34.98 118.95 77.27 22.72
Middle
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Table 5- Dry and wet biological yield and plant characteristics of corn in surface drip (DI) and
subsurface drip (SDI) irrigations

) > ySlos B bl

| cS_)er!l_gSL“S""“t"“" Yield Plant characteristics
rrigation Systems — - . 5
Seis > ,Slos 3 Slos S s gans a3 LA gws shd

Yary (ton hal)  Ywet (ton ha?) H(cm) D (cm)
o slo 3 23.19 58.54 3.42 16024 276
Surface drip (DI)

e sl b 26.53 76.64 3.70 17933 290

Subsurface drip (SDI)
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Introduction: Partitioning of evapotranspiration (ET) into evaporation from the soil (E) and transpiration
through the stomata of plants (T) is important in order to assess biomass production and the allocation of
increasingly scarce water resources. Generally, T is the desired component with the water being used to enhance
plant productivity; whereas, E is considered a source of water loss or inefficiency, and is the basis of the
management and organization of water resources. The present investigation was carried out with the objectives
evaluation of corn evapotranspiration and its components and relationship between leaf area index and
components in surface and subsurface drip irrigation systems.

Materials and Methods: The pilot farm were located in the water and soil department of the ministry of
agriculture in Karaj, Iran (latitude of 51°38 ‘N and longitude of 35°21" W, 1312.5 m above sea level). For
implementation project was placed 8 volume micro-lysimeters in the soil, which were filled with soil excavated
from the study site. The soil inside of micro-lysimeter and the soil of the surrounding study had the same
physical-chemical characteristics. The corn was irrigated with surface drip (DI) and subsurface drip irrigation
(SDI) system, that was installed just prior to planting in 2014 in a field that was planted to sprinkler-irrigated
corn. Daily crop actual evapotranspiration (ETc) of each micro-lysimeter was calculated by applying the water
balance method and soil evaporation was measured with micro-lysimeters. Finally, plant transpiration was
calculated from difference between the actual evapotranspiration value and amount of evaporation from the soil
surface. Leaf area index (LAI), was measured, and it was measured with the electronic leaf area-meter, Cl — 202
seven times during the growing season. This method provides an indication of the plant growth.

Results and Discussion: The obtained results indicated that actual corn evapotranspiration was 377 and
371.92 mm for surface drip and subsurface drip irrigation systems, respectively. The value of corn
evapotranspiration under surface drip and subsurface drip irrigation increased from initial, to middle season
stages. The maximum daily values of ET. occurred on 48 days after planting in middle season stages. The total
value of transpiration plant was 5.88, 76.82 and 118.21 mmd-! for surface drip irrigation system and 12.78, 81.31
and 118.95 mmd? for subsurface drip irrigation system in the initial, advance, and middle season stages,
respectively. Sum evaporation from the soil surface and crop transpiration was 200.81 and 176.02 mm for
surface drip irrigation system and 213.04 and 158.81 mm for subsurface drip irrigation system. So, amount of
evaporation from the soil surface was 73.02, 65.73 and 37.32 mm for surface drip irrigation system and 65,
58.83 and 34.98 mm for subsurface drip irrigation system in the initial, advance, and middle season stages,
respectively. In surface drip and subsurface drip irrigation was allocated approximately 93 and 83 percent of
evapotranspiration to evaporation from the soil surface respectively. The minimum daily values of E/ET. were
37 and 34 mm for surface drip and subsurface drip irrigation systems respectively, and occurred in middle
season stages. Amount of transpiration was 5.88, 76.82 and 118.21 mm for surface drip irrigation system 12.78,
81.31 and 118.95 mm for subsurface drip irrigation for the initial, advance and middle season stages,
respectively. The relationship between T/ET. and LAI was fitted to a polynomial equation with significant
correlation coefficients, R? = 0.95 and 0.89 for surface drip and subsurface drip irrigation systems, respectively.
T/ET. started from 0 at sowing, and reached to its maximum at the middle growth stage or when LAl reached to
about 3.0. Also, the relationship between E/ET. and LAI was fitted to a polynomial equation with significant
correlation coefficients, R? = 0.97 and 0.88 for surface drip and subsurface drip irrigation systems respectively,
and reached to its minimum at the middle growth stage. Also the results showed that subsurface drip irrigation
systems have higher biological yield and higher values for plant parameters in compared to surface drip
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irrigation system that it shows subsurface drip irrigation system due to evaporation reduction, better weed
control and direct transport of water to the developmental zone has a significant role in increasing corn yield.

Conclusion: The results of this study indicated that soil evaporation losses in subsurface drip irrigation
system had lower than surface drip irrigation system. Also, had higher transpiration in the growth season. This
could perform important role on yield of crop. These results should help the precise planning and efficient
management of irrigation for these crops in this region.

Keywords: Corn, Micro Lysimeter, Partitioning, Soil evaporation, Transpiration
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Introduction: Forecasting and modeling of river flow is an essential step towards planning, designing and
utilizing water resources management system which is subject to issues such as droughts and destructive floods
in river basins. The river flow deficit and excess could result in financial and human losses. Such predictions of
river flow not only provide the necessary warning signals about the flood risk, but also help to adjust the water
outflows during low level of water flows which help to the water resource management. Due to the importance
of river flows and its fluctuations in short and long term on different aspects of human lives, understanding its
behavior and performance is crucial (necessary). Thus, with discovering its dynamic behavior, it is possible to
predict its future performance. The aim of this study is to explore and simulation of Kashkan River’s
performance using the statistical intelligent methods to provide models with lower uncertainty in order to
improve the planes based on Kashkan’s River flows.

Materials and Methods: For this study, the series of daily discharge data from Poldokhtar- Kashkan station
(located in the coastal river) over 1370-1393 were used as the primary input. Methods used in this study were
based on memory uses the Hurst exponent of long memory time series. Runoff is the dynamics of the series. The
current state of these series is dependent on its historical states. The delay time (lag time) of 1, 3, 5, 7, 10 and 15
days before the runoff were calculated. The amount of runoff was seen as a function of the time series.
Considering the above-mentioned six time series as input signals, time series modeling using statistical methods
K- nearest neighbor (K-NN), and artificial neural network, combined wavelet - K-NN and combining the
wavelet nervous.

Results and Discussion: Kashkan’s Memory river flow system, using the Hurst exponent within 10 days and
mid-4200 based on the amount of 0.6 was obtained (Figure 2). This amount indicates a non-linearly behavior and
a dynamic learning system. In addition, it shows the presence of long memory in the river flow time series. Then,
by allocating 80% of the data for training and the remaining 20 percent for testing the model and adopting ranges
from 1 to 10 nearest neighbor and a range of 1,000 to 50,000 particles (for data on education) Model K-NN were
prepared. Using the criteria to assess the efficiency and accuracy of a model in each performance of the
mentioned domains, the best model with the 6 neighbors structure and 15,000, was obtained. In this model
stimulated the runoff with the correlation of 0.90 and a 4.6 error was obtaied. On the other hand, artificial neural
network architecture to simulate runoff with 6 input neurons in a hidden layer neurons and considering 3 to 20
and an output neurons leading to the 6-8-1 structure as the best model was fitted. This model has a correlation of
0.89 and the forecast error of 5.8 in the process of runoff simulation. Then using wavelet function, mortality,
time-series signal runoff into 4 levels, including 8 under high frequency and low frequency signal was
decomposed where high-frequency signals and low-frequency signal of 4 level were considered as the original
signal for the input surface runoff. In this regard, the hybrid model K-NN-WT with runoff time series prediction
error of 2.7 percent and the hybrid model ANN-WT with the correlation of 0.99 the estimation error of 1.2 were
simulated.

Conclusion: Running 4 Artificial Neural Network (ANN), K-nearest neighbor (K-NN) and combining the
wavelet analysis of the two models (ANN-WT and K-NN-WT) to predict the time series of runoff river showed
that due to the existence of multiple time frequencies in the time series of the river signals, its decomposition it
using wavelet analysis results in extraction of hidden information that are not available through the original
signal. This information is the daily, monthly, quarterly and annual fluctuations. The hybrid models performance
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indicated higher accuracy and improved outcomes relative to individual models. In fact, the analysis of the
original runoff signal by wavelet analysis in the process of simulation results in an appropriate weighting given
to long-term and short term dynamic of runoff which led to significant lower error in modeling.

Keywords: Kashkan River, Hurst exponent, Myer wavelet, Time series signal
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Table 1- Characteristics of selected stations

mm) &Yl 4,L bl 5,93 S . . .. _ . 2wyl oL
(Mm) b 3l ol o e e e b (Mgl sl gy e
Annual Statistical . . . . Station
L . Latitude Longitude Height Station type
precipitation period name
447 1970-2000 34 21 47 09 1318.6 S obadle
Synoptic Kermanshah
525 1988-2000 34 43 46 39 1379.7 W 75
Synoptic Ravansar
490 1988-2000 34 35 46 51 1180 "‘j. oht o 9l>
Rain gage Jelogireh
403 1988-2000 34 16 46 49 1415 et cublgale
Rain gage Mahidasht
A Olwel 0,8
S yRg)deh
- 1970-2000 34 14 47 15 1230 . Gharebaghest
Hydrometric an
== =

e 5ol g guin B db g adidi —Y UKW
Figure 1- The location of the Gharesou Basin and selected stations

355 i) das s 3y > o 315 (oS0l 25la (ol
Cgb) 5 ke e wile (dove (ool (gl o 4y 5 il
ctr ool wliadss ) SDSM Jus (M) 255 o Juol>

s3ulii 9 SDSM (s Lol cuulsla 3 slaghy,
GCM (slaJuas sl 295 (lod (olidofy caa (by)
s Jole g (Seolid (g)lol slad (wliossy Jold a5 5yl 2429
Sy ooall sl yusio ‘d)t"i sl Jio 1 eslazwl b () wib 0



WAS sl — cyotg o8 oyl FY alo S g ST g pis VOVA

g (ol (S0)L glej (b 3 o5 laJae il
3 g 9 4 oo dplre |y Sy, 038 (gl |y (Sfglg e
O 4 Yomane 255 o odalitio (oUilgy 500 oloj ol ol
HizgS oo ghaite b (93lhg) ST laJse (Sl 3 (2b e
Sis byl Hldy Wle o aS 2l 3959 b b Jde Jilie p Ll
O st Sl 5D S (oo Silwand |y asss g
2 29290 diwgn Jho Aldyyne diogy sy Jdo 4 i glare
U5 48 Al e S Cagb, 0 lais] Jao HEC-HMS
2 Sk laslingy g 1y S cosby i oy cunl
5ol eS8 Jas ol (Y JS2) 458 (iloannd il (gla o
oin) saY g S Gee (SB o Gl 1) ooy
ity )5 9 y5e 9 OBb sle (Bl L g 035 (gilwdnd
s ol 3 A6 Sl g iespg ol ol (e Gl St
dlone 53 48y LS Jao (W) WS (oo dumslone ol adg JS
SIS (1) aily e SIS s GBS0 Jie Ul
11 9 L uyo Soso 4]y il asp S sl B 0e
S b Jslh S oo (Byme SUlgy 4 0l3le (Bl s 5> Lol
L ol 5 5ol 49> (2955 i b (Lol dlais 51 (Bl 5k
0335 oyl adgs sl 13 Sljlo 033 i 4 o3 ke yialS
Uit (La JUK 5 w69y « S5 13) adgs j3 Ol e oS
Je 3 (1Y) A5 o gl Clly s Slile ol s 3 1, sotee
e s |y s 030 S aex sl s (5 5,8
255 35 pate syl ddes (298 0 WIS e (35 (ks e
s 1) s (2 an Ol eS e lp p3Y ple; SIS e

(79 V) XS oo skt

Loa slacals (5 jlewdasids ju GCM (slaJas o jSlas a5
el gy b by 0590 50 GEOL

Silwdns » GCM Lo Juse 3y Slas (o) jo-lato 4
b bwgio o)L g lod slaosls Ll jo iyl g Loy slaedls
Sl 3L 350 ) g Led (slaodly day dl> yo 43 .00,5 duwlxe
2)9> ()b 9 Led (Sloj s 59l (ol (alos liofn) b9,
J_:b d)l—"i u"’ﬁ) 29 GCM ol L;l_bJ._\A DJ.»J] 0,93 9 4)[)
sleysie g NCEP (lasl wlide S, Slialis gla pie
2 sl GCM gla Juo 5l onids gl yonianl (6 ptmed] whis 35
o=l do aly obbl col 9 IPCC (slaoll 5l b Jae 51 S
Ver ) Wl Ve 1Sl sl 3 0035 e 5 dnd (peo]
A dwlre 5Sde Jolu (SL g Led wilale (VAVY

iz Sl 5L g bod S o oo (S 2les lden)
1 03 IS 4 8] s Sl 3 (Soflayten cslogend, S
g s B ew)S) ol e 5 L Joo ol (1Y)
Tl )3 o(V+) sl osdb ooly S olas lga g ol (ladge
Sy slapsio SDSM Jas oL Cous g (ouimly jolaie 4
\RV\_Y' .. 0)9.) ).) 4_5159) u,dLnM ).) LSJL:JUGA 4_.0.]43.@ L)")L.‘.“h‘o
9 S g Jaiue sloypsie (ylais 4y (NCED I ol (sla yusie)
sobr dily Glbjite ploie 4 (lalis 4iljs) Lo (:50le
Lo b Jace 1 oocal cands ol s 505 Jde 3)lg 45 T0s
Seslaiwl b ad byl Jae 5, Slas 0520 g duslie oddi odnlin
Sy slmodls I oslil b g Jiho walsis 0y9d ;5 ool Cawnts @l
50 Sl adilale (slod 5 ()b Slagyyliw GCM o Jse olide
el 3 ool Ly 505 05 Yo ¥ e—Ve5R o VAVA Yo et oy
oail Slalllas 6,93 (ol Ol y i u a5t A ol o gy )l
sobo e wls Bgy 0 caby Sldllas ddlais (Y- F--Y.54)
5 Lod (gl M polie Jio yo 50 mul8l puss (90 )l dle
R ayyed 0593 3 olo ya e Wil bawgie SW)L (ol s
=Yoo} Jie led loalatwl b 4l odd (gjludud 0yg3 o V¥
oolae sy sl (Change Factor) ;o Jole hgy 51 (s (VY
e Jole gy 53 9 g0 o2liiwl il (glaosld awls les
039581 (VAYN=Y e+ v ) Slaaliie polbe 4 wldl juss glags b

(YD) 295 oo

HEC-HMS Juo
35 30 Laogs HEC-HMS (5555, (55l Jas i
s Lol G35 iz o2l (HEC) (s3gl)aum (i
J> cgr HEC-HMS Juo )9l o wal 3 1) 5yl (claases
5l Ly 0390 50 3 (S5elgy0m Pluwe I (slod S odgaze
)_BJ )1 ) oala il J_:L‘) u9LO.~o uﬁ‘;yﬁ L Lg:LJB‘)» C}]a.m
=2y gle Jis 95> HEC-HMS Jus Lo Jas (gdndiws
Ol 3 il e izt Sl Jue j ol &5 358 00 Cgune
e clali diwbre cqa SB cugly 0uiiS” Gluss! (g, 3uis
o Jde 3l g Qllgy dunle cps M anly GBI, S o500 g,
US98 (oles Jde cul ond ool 4l (03 sl S (13598

Aoy 3 dgge LB slas, 35 5 S} JMde oass o ps
o S cygby oa S Cluas! Juo 4y G clal i .ol



\OVA

ol asg> T olsa ouedd 10 oles wlidio sy by Culad pus

oL < BT yeSud
Piceabitation ‘ ‘ e Evapotranspiration
® e OB
Canopy interception ‘
\ R
oiS95h ! ‘
Surface depression .
Uy,
+ | | Surface runoff
v | -
¥ 3 s - ;3 S PV e o5 T
T ':"' ‘ - ‘u""'fs AN 05 o Upper zone | |
nfiltration | Te 1 storage S Judg e 8 mE 5
} Soil profile storage
ati i
| N Fees aY amiD et e e
. rees s ¥ o | Groundwater flow
|  Groundwater layer 1 storage -
S5a5
Percolation
3 S5 e 5 ol
¥ 5305 @ o,es3
. LaravI PRI ALY SN | Groundwater flow

Gr ater layer 2 ze | -

Deep percolation

(YY) S Cugb,y uis Clwia! Juio (5,5 w91 =Y JSWS
Figure 2- Schematic view of the continuous soil moisture accounting components (12)
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Table 2- Weighted, RSME and Bias errors and coefficient of determine and nash values for base temperature and
precipitation data (30 years data) by Proportional down scaling
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Table 3- RSME and Bias errors of GCM models by statistical method for basic observed temperature
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Table 4- The RSME and Bias errors of precipitation stations
oliil,S ilyy Cuddadlo 0 pS gl oyl oK
Kermanshah Ravansar Mahidasht Jelogireh Station
Bias RMSE Bias RMSE Bias RMSE Bias RMSE I):M
ndex
-0.1 1.42 -0.6 2,51 -0.3 149 -215 988 CANESM2

-13174 40142 -800000 7000000 -0.73  8.18 -30.8 149200 CGCM3
-0.56 -2.99 -1.05 7.12 -0.03  1.03 -0.35 1.53 HADCM3

500
400
300

obs flow sim flow

200
o AN A N
1-Jan-93  20-Jul-93  5-Feb-94 24-Aug-94 12-Mar-95 28-Sep-95 15-Apr-96 1-Nov-96
Time (day)  (55)) ole;

(4l caSa pa) 5L >
Discharge (m?¥/s)

HEC-HMS Juso (el 0,90 43 00d (g5lw o g (Jladlin oyl o 31,8 g0 du o - JSUS
Figuare 3- The comparison between observed flow hydrograph and simulated flow hydrograph in HEC-HMS calibration
period
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Table 5- The coefficient of detemine and nash and annual weighting for precipitation stations
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Figure 4- Comparison between observed flow hydrograph and simulated flow in HEC-HMS validation
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Table 6- HEC-HMS calibrated and validated results for Gharesou Basin
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Table 7- The Runoff variation values for future period versus basic period
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Introduction: Uncertainty estimation of climate change impacts has been given a lot of attention in the
recent literature, However, uncertainty in downscaling methods have been given less attention. Today many
studies have been done about the future impact of climate change on human life and water resources. Urban
development, water conflicts, and Green House Gases increasing will intensify this event in future and will alter
rivers flow. Basin catchment has faced to flow recession and also runoff decreasing in few last decades. At this
field the climate change effects will intensify this conditions in future decades too. The first step of climate
change impacts studies is the projection of future climate variables (e.g precipitation and temperature). GCMS
models and their outputs are useful tools for this projection. The main problem is the mismatch of spatial scale
between the scale of global climate models and the resolution needed for impacts assessments.

Materials and Methods: The Gharesou River Basin is located in the west of Iran. Its area is approximately
equal to 5793km2, and the maximum and minimum of its heights are 1237 and 3350 m, respectively. The
average of annual rainfall varies from 300 to 800mm. This study focuses on various climate models from IPCC
fourth and fifth reports and has been used two downscaling methods including the statistical and proportional
downscaling methods and also scenarios and different climate models for considering different uncertainty. The
new scenarios as Representative Concentration Pathways (RCPs) of greenhouse gasses have been used in fifth
assessment reports (AR5) of IPCC. The Representative Concentration Pathways describe four different 21st-
century pathways of greenhouse gas (GHG) emissions and atmospheric concentrations, air pollutant emissions
and land use. The RCPs represent the range of GHG emissions. Different kinds of downscaling method include
1) Proportional downscaling that is adding coarse-scale climate changes to higher resolution observations (the
delta approach); 2) Statistical method (eg SDSM model; CLIGEN; GEM; LARS-WG and etc); 3) Dynamical
method that is application of regional climate model using global climate model boundary conditions (e.g,
RegCM3; MM5 and PRECIS). statistical downscaling method processes establish relating large scale climate
features (e.g., 500 MB heights), predictors, to local climate (e.g, daily, monthly temperature at a point),
predictands. The SDSM software reduces the task of statistically downscaling daily weather series into seven
discrete processes that are consist of quality control and data transformation; screening of predictor variables;
model calibration; weather generation (observed predictors); statistical analyses; graphing model output and
scenario generation (climate model predictors). HEC-HMS (Hydrologic Modeling System) has been designed by
HEC (Hydrologic Engineering Center) for simulation of precipitation-runoff processes in a drainage basin. The
HEC-HMS simulation methods represent - Watershed precipitation and evaporation: These describe the spatial
and temporal distribution of rainfall on and evaporation from a watershed. - Runoff volume: These address
questions about the volume of precipitation that falls on the watershed: How much infiltrates on pervious
surfaces? How much runoff of the impervious surfaces? When does it run off? - Direct runoff: including
overland flow and interflow. These methods describe what happens as water that has not infiltrated or been
stored on the watershed moves over or just beneath the watershed surface. Baseflow: simulate the slow
subsurface drainage of water from a hydrologic system into the watershed’s channels.- Channel flow: These so-
called routing methods simulate one-dimensional open channel flow, thus predicting time series of downstream
flow, stage, or velocity, given upstream hydrographs. HEC-HMS includes several models for calculation of
cumulative precipitation losses but only the SMA module is continuous (a module that simulates the losses for
both wet and dry weather conditions). Other loss models are event based.

Results and Discussion: The results of criteria and models weighting show that CANESM2 and HADCM3
are better than other models for future temperature and precipitation projection for statistical downscaling and
HADCM3 for future precipitation and HADGEM for future temperature assessment for Proportional
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(*- Corresponding Author Email: Goodarziémr@gmail.com)
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downscaling. According to various scenarios, future temperature and precipitation projection (2040-2069 period
for the statistical and 2040-2052 period for Proportional downscaling) have downscaled and have given to HEC-
HMS model for future flow projection. Already the rainfall-runoff model has calibrated and validated base on
observed flow data in reference period that daily coefficient of determine was 0.7 for calibrated period and 0.6
for validated period. Finally, flow variation has investigated that Most of GCMS represent increases in winter
flows and reductions in other season flows.

Keywords: Emission scenarios, GCM models, HEC-HMS model, Proportional approach, SDSM model
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Table 1- Abstract of water balance in birjand aquifer
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Figure 5- Groundwater level changes predicted over the next 10 years with a favorable balance of groundwater
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Table 3- Evaluation Sustainability Analysis by 1,2.5 and 3.5 percent reduce discharge
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Introduction: Groundwater is predominantly a renewable resource, and when managed properly can ensure
a long-term water supply for increasing water demand and for climate change impacted region. Surface water
renews as part of the hydrologic cycle in an average time period ranging from approximately 16 days (rivers) to
17 years (lakes and reservoirs); however, the average renewal time for groundwater is approximately 1400 years
for aquifers to millions years for some deep fossil groundwater. Groundwater depletion, which is the reduction in
the volume of groundwater storage, can lead to land subsidence, negative impacts on water supply, reduction in
surface water flow and spring discharges, and loss of wetlands. Water balancing strategy has been considered as
one of the most effective options to mitigate the groundwater depletion, and thus the balancing scenarios are
applied as main approach to manage ground water sustainably. The purpose of the water balancing strategy in
aquifers management is that groundwater level to be returned to the primary water level and to compensate the
water resources shortage of aquifers’ storage.

Materials and Methods:

1. Case study: Birjand aquifer with an area of 1100 square kilometers is situated in eastern part of Iran. The
location of the aquifer is between 59° 45 and 58° 43 east longitude, and 33° 08 and 32° 34 north latitude.

2. Modeling: Laplace Equation is the basic equation for groundwater flow study in steady or unsteady states.
In simulation by using numerical models, the boundary of the model, recharge and discharge resources,
evaporation and recharge zones are important elements. After finding the key components of the conceptual
model, the MODFLOW software was applied for simulation of groundwater. MODFLOW, which is a
computer code that solves the groundwater flow equation and uses finite-difference method, is provided by
the U.S. Geological Survey.

3. Sustainability Analysis: In order to achieve the objective of this study, water balancing scenarios should be
evaluated for sustainability of the groundwater system using appropriate indices. Here, three indicators of
reliability, vulnerability and desirability are proposed and were employed to assess the stability of groundwater
system in different balancing scenarios in lumped and distributed forms. The aquifer sustainability index is
expressed in Equation 4. In this equation, three indicators of aquifer reliability (Equation 1), aquifer vulnerability
(Equation 2) and Desirability (Equation 3) have been used to assess the stability of groundwater system. The
aquifer reliability index means in what extent the withdrawal scenario has been able to return the aquifer to its
original state using the Equation 1 as follows:

nEL

NEL

In which Mg the number of periods where the groundwater level is above the desired level (equilibrium

Qg = (1)

balance) and N EL the total number of time steps in simulation. The vulnerability index indicates the amount of
shortage in the groundwater storage and expresses the severity of the system failures using the Equation 2 as
follows:

Z(WS _Wt)
VeL = I:.l )
> W -W,)
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In this equation, Wt the desired groundwater level at time step t, Ws the groundwater level simulated in t

time period for each scenario, Wpr the groundwater level without scenarios and n the number of periods where

the groundwater level is lower than the desired level. The index of the likelihood of returning the system to a
favorable state is presented as an indicator of the desirability of the system using the Equation 3 as follows:.
S = 100*(@) A3)
REL - Rpr

In this equation, I indicates the f ground water level after the depletion, REL is the desired level of

groundwater and Rpris the groundwater level (without the scenario). After estimating three indicators of

reliability, vulnerability and desirability, the sustainability index for each scenario can be appraised using
Equation 4.
(4)

P =g Pa--7a)
In this equation, o, groundwater sustainability index, oy, reliability index, S desirability index and
¥ g Vulnerability index.

Results and Discussion: In this study, six water balancing strategies were employed to reduce 1, 1.5, 2, 2.5,
3 and 3.5 percent water withdrawing for agricultural water use. Results of the simulation of different water
balancing strategies demonstrated that with reducing in water use, the stability index has been improved
significantly. The improvement changes from 32% increase in the index for 1% water withdrawing reduction
scenario to 88% increase in the index for the 3.5% water withdrawing reduction scenario. Moreover, the
reviewing of the stability indices of the system in various scenarios reveals that a 2.5% reduction in water use
will assistance the aquifer status achieve to a stable state.

Conclusion: In order to manage groundwater withdrawal, it is easier to assess the impact of the water
balancing scenarios using the groundwater sustainability index. The review of sustainability indices in the
studied aquifer shows that by reducing 1% of the water harvest, 32% of the system's stability increases, and if
water harvest reduction reaches 3.5%, the index increases 88%. Considering the distributed potential and
possibility of the investigation of different scenarios by proposed indices in this study, they can be applied to
assess and manage other similar aquifers.

Keywords: Desirability, Desired water table, Reliability, Sustainable system index, Vulnerability
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Figure 1- Study area location and scheme of sampling grid
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Table 1- Descriptive statistical criteria of soil properties in the study area
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Table 2- Variance analysis of soil properties in the study area
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Numbers “a” and “b” followed by the letter reveal significantly differents (p< 0.05) and (p<<0.01), respectively
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Figure 2- Effect of different land use on mean soil microbial community and organic carbon
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The best fitted model to variograms of studied soil properties
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Table 4- Validation of interpolating methods of studied soil properties
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Table 5- Area extension of studied soil properties (ha)
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Classification of each property is shown in Figure 4
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Figure 3- Spherical model variogram fitted to studied soil properties
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Figure 4- Created georeferenced thematic maps for studied soil properties in Mirabad region
(Spatial distribution of a: soil microbial community; b: soil organic carbon; c: soil carbonate calcium equivalent)
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Introduction: Understanding soil biology and ecology is increasingly important for renewing and
sustainability of ecosystems. In all ecosystems, soil microbes play an important role in organic matter turnover,
nutrient cycling and availability of nutrients for plants. Different scenarios of land use may affect soil biological
properties. Advanced information technologies in modern software tools such as spatial geostatistics and
geographical information system (GIS) enable the integration of large and complex databases, models, tools and
techniques, and are proposed to improve the process of soil quality and sustainability. Spatial distribution of
chemical and biological properties under three scenarios of land use was assessed.

Materials and Methods: This study was carried out in Mirabad area located in the western part of Souldoz
plain surrounded by Urmieh, Miandoab, Piranshahr and Naghadeh cities in the west Azerbaijan province with
latitude and longitude of 36°59'N and 45°18'E, respectively. The altitude varies from 1310 to 1345 with average
of 1325 m above sea level. The monthly average temperature ranges from -1.4 °C in January to 24.6 °C in July
and monthly precipitation ranges from 0.9 mm in July to 106.6 mm in March. Apple orchard, crop production
field and rich pasture are three selected scenarios in this research work. Soil samples were systematically
collected at 65 sampling points (0-30 cm) on mid July 2010. Soil chemical and biological properties i.e.
microbial community, organic carbon and calcium carbonate equivalent were determined. The ArcGIS
Geostatistical Analyst tool was applied for assessing and mapping the spatial variability of measured properties.
The experimental design was randomized complete blocks design (RCBD) with five replications. Two widely
applied methods i.e. Kriging and Inverse Distance Weighed (IDW) were employed for interpolation. According
to the ratio of nugget variance to sill of the best variogram model three following spatial dependence conditions
for the soil properties can be considered: () if this ratio is less than 25%, then the variable has strong spatial
dependence; (I1) if the ratio is between 25% and 75%, the variable has moderate spatial dependence; and (111)
otherwise, the variable has weak spatial dependence. Data were also integrated with GIS for creating digital soil
biological maps after testing analysis and interpolating the mentioned properties.

Results and Discussion: Spherical model was the best isotropic model fitted to variograms of all examined
properties. The value of statistics (R? and reduced sum of squares (RSS)) revealed that IDW method estimated
calcium carbonate equivalent more reliably while organic carbon and microbial community was estimated more
accurately by Kriging method. The minimum effective range (6110 m) was found for microbial community
which had the strong spatial dependence [(Co/Co+C) <25]. The highest amount of estimated microbial
community was scattered in the north-east of study area. On contrary, organic carbon and calcium carbonate
equivalent was mainly mapped in the center of study area mostly with land use of rich pasture. Land use change
from pasture to crop production and apple orchard increases soil aeration and also decreases organic matter
content. Therefore, it may be involved in climate change challenge. As soil management in particular at harvest
stage influences other soil biological properties especially enzyme activities, assessing enzymes activity under
different scenarios of land use is hence recommended.

Conclusion: The geostatistical results showed that the management practices may have relevantly effects on
microbial community, but the statistical analysis revealed significant differences between pasture and two other
land uses. The created maps were classified to five subdivisions, while for better explanation of land use effects
on soil biological indices and their spatial variability, the digital maps must be classified to many subdivisions.

Keywords: Kriging, Soil microbial community, Spatial variability, Zoning

1, 2, 3 and 4- Graduated M.Sc. Student, Associate Professor, Professor and Associate Professor, Department of Soil Science, Faculty
of Agriculture, University of Tabriz, Respectively

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

5- Assistant Professor, Soil and Water Research Institute, Agricultural Research, Education and Extension Organization (AREEO)



Journal of Water and Soil
Vol. 31, No. 6, Jan.-Febh. 2018, p. 1611-1622

i

(83,9188 Zlus 9 pske) S g O @y pis
VENASYY o ITAF il — (yote F 0 kois FY ol

b adyy fazme 55 S s eeslS plend sl S SR PR

Ol sb gy ges T Glul S Lo, T g el = ) o 30
VYA /YY1l 5 b

2SS

O s Sl S 55 4 355 o5 ol ot o S5 bl 5 s | (T S15 > (S I Sl o S o o5

qwodlS 51 ol oS @i ol Slowd 5 g ity Clled 86 028 g (ool 295) JT sl 1 sy glaie 42yl (St SB 3 1
MolS 25l B 5> JoygS ©pgo & lalejl nl 285 ploxil (uSLgialy whss )3 @uedl8 4 0391 SB- (5, 2 (IS @90 @ (Lo}l
ot Lo b e jplate 4 A sl 1SS YL g ady) Sl aloli L anb ¥ g (Jl osle jpan pas g j95) JIosle aw ¥ L (B3l
3 wedlS Slewd cla IS5 51 SO gun @lpss p S ay JTosle 993381 a8 5l Lis ol o edliiw] pnd Jlgie (6 pS0,las g, 5l paedls
S g alply a5 SB 5> TS ke § CEC PH I e (al33 cnge Lol ol 0355 550 (53300 yshas ol dunsj 8 2 S
S35 265 13958 i wlol p .l 039 S gl Shg puusd cle a4y S ay Jodlo 9538] 31 )3 0000lS” bl 8 py8 o gime ialS
sy (Al ool i pie g jin byl 3 05 oLS dity) )3 redlS Sl (uizzan ) 0eodlS Sy p 8 21y 8 b st S
Al glod plisl b dulie )3 olS ddy)y 1> xezd (gl (6 b Jslod puodlS &S amd o i ol (ol unl 039y (pls il 51 i (g)ld Gize

ol SLs 3 Lo JSCs o] 45 4 5 Jlas s il o g
o Jrate S plaolinS b 4l Ssy (s By Jobxe
2 odsledl g ST u_ﬂ Sy dy diuly 3K g L}aﬂ sl
A5l IS (gl ezl
9 JSb 4 odee polar S )3 (0 I Clbgip g S >
Ol plerd Lo JSd gajgr 48 (V) )l (St I 358
PH dos jl baygiSs 3 13l cov Wl o 36 S 5 i
5 ool sl nS] (SLS sl gy 28 o T olo o (S
Jelgs 4l (V) 4 s Lol = gmslinS] Jouslly 5 3350
2l 5 (M ol sl 1 08 45l 35 (6,500 3580
9y Aoy 5 SLs el (1Y) EC (1Y) olals asy, ol
S 3 S Gl ke 5 (V0) (G988 s byl (1Y)
b )3 Gl olod SUSS il Cage 45 )1 529 (1)
Sy B e carge SB 4 Jlodle 953l 9 0 SB-
2Ol olerd laSid @iy e el w3 9 S sl
Lo Shy 4 oS Clilh anlp S olgo 135 205 0 S
oosasy (ole sla Shy g SB g il 5B g xeb
Jr8 3 Sl ot Jalge )l (St o] 1 (Seosn a2

S g0 quuodls ¢ ol i s (uSbonly csaie > s glS sWaojlg

doddo

Sl ol 51,5 S @lib b S Ssgll 05,0l

o () sl oty ol lp g SIS 5 JSe S
s JUss & (5,105 Sl S5 53 uadls s J (S ol
() E95 5 (9 ySee dlad LS L o Jlie lsie 4
ol § Y gamo 5, Slas ol s SE gilols ials
9o (2t oy Bojb 5l bplul g Sllge 4 (b,
b inS 0k it Wi ST 3 S ljlh S ke (¥5)
o G st el o bt bl aily Lo 55 Syl
S8 g cplpls s 0855 Shgzge plu g GlalS sl
Sl (1Y) 398 (yp LSS 5 (i Sl pleerd sl
s § AUST S5 3 (i s (Sogl it )
bord Lo b gajg5 4 398 o Sl oo Jlons 315 conl )
552 sl (1Y) OhlSed 5 s (YY) )1 (S SB- > 3lé

Soeiily g Hlidily oliwl sl wolidylS” JuascdlE)ld cudyy 4 —F 5 ¥ ¥ o

Ao w33 o8ty ¢ 65y5lisS 01l (SB pgle 09, (5S>

(Email: afotovat@um.ac.ir 2 e 03k 5 — %)
DOI: 10.22067/jsw.v31i5.60064


http://dx.doi.org/10.22067/jsw.v31i5.60064

WAS il — (oo F ojlods Pl (S g T as s VAVY

Sy (AS5) 5 Ggmlis] (29, jloslisel b SB T o8
DH oS 1 oslizl b 5 bl JS el 55 S agapl (HYAF
3 S S ool oSiws 1 eolatwl b (S5l colun g yie
Ol P9y 4 j CEC 5 (VY ()LSen 5 ) gl JS
O gkt 4 b (6 S 03l pgsigel iliwl jl eslizul L (VA5D)
coiy 4 ol alord GBUSS sl priman 5 pedl8 JS clale
s gt S0 )las gy 5 (V) lalow Sl b, 5l
clale ypiad g a8 38 S cdale cules 5o (VA) b eolitu!
ol o ol b olowd sla S 51 <S5 1o 50 35350 medl§

A (g S ol

ousbig iy cal 5 2l b

@39 2 ol Slrdy g ade) Cld 5l o adllae poliie o
2395 Ly ol dliie g jiwgily 3 waedlS 5B (olond sl S5
oo Vo) aiiy) 1815 cod (55 e 4ol g sy 4w ol
Sloeb gl plie g lausg 1o 45b) Vyhugss) Su35 slaasl (e
bl g (e e Vo) 6550 4l B)bo 93 ) (ady)
(soden B+) bauwg s> 4l B )b 53 3 TS 0395 b gy

g5 oyl 33 03wl D490 (WSUgial, — Y JSUS
Figure 1- The rhizobox used for this study
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Table 1- Levels of sequential extraction of Tessier

Fraction o boss o 8

Extractant ,5s Las

Extraction (g ,8o,las byl i

Exchangeable (Ex)
Carbonate (Car)

Oxide (Fe & Mn)

0,
Organic Mater (OM) (30%)

Residual (Res)

8 ml MgClz (1M)
8 ml C2HsNaO:2 (1M)

20 ml HsNO.HCI (0.04M)
3 ml HNOs (0.02 M) + 5 ml H202
3 ml H202 (30%)

5 ml C2H7NO:2 (2.3M)
7 ml HCI + 2.5 ml HNOz + 0.5 Water

(HCI) pH=7, Shake (1h)
(CH3COOH) pH=5, Shake (5h)
CH3COOH (25%) , Shake (6h,
96°C)

(HNOs) pH=2 , Shake (2h, 85°C)
(HNO3) pH=2, Shake (3h, 85°C)
HNOs3 (20%) , Shake (30m)
25°C (16h), 100°C (2h)
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Table 2- Physicochemical properties of studied soil, before planted

(Texture) cal Sandy Clay Loam
pH 7.45
(EC) (dS mY) )l colan 3
(CEC) (cmolc kgl) a5l Jols cud b 35.4
(Phosphorus) (mg kgl) ja.s 11.45
(Potassium) (Mg Kg) eawls 245.3
(Total nitrogen) (mg kgt) Js' ;59,5 7245
(Calcium carbonate) (ss,) Sal 275
(Organic carbon) (we,s) JI cp,S 0.56
(Total cadmium) (mg kg'?) JS weesls’ clale 145
(DTPA extractable cadmium) (mg kg?) DTPA L (¢ So,las LB auedls’ clale 3

u.wS)i Jud axdlze 3,90 Jl&,b MDK&W 6&;}5&3—“ Joss
Table 3- Chemical forms of cadmium in studied soil before planting

. SLaST 4 Juaio ] .
Jols LB Bl S & Juaste o i 1 3130 43 iy silosdly
Exchangable Carbonate e "’b Organic mater Residual
Fe & Mn oxids
Cd ) podls clals
(mg kg 1.717 2421 1.419 1.140 0.417
S sy
M;(J/ Cd)) 28.08 39.60 23.20 2.29 6.81
0
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Table 4- Soil pH, CEC and organic carbon in different rhizobox zones, after planting

Treatment oy Zone 4l pH CEC (cmolc kg OC(%)
Rhizosphere ,ius 1, 7.68° 35.38° 1.15¢
Without organic mater JT sl o5 Close to Rhizosphere i 51, «S$s 5 7.70° 30.53° 1.15¢
Bulk soil ¢S o5 5 7.71° 33.67° 1.16¢
Rhizosphere i1, 7.76% 4051° 1.49%
With organic mater  JT osls L Close to Rhizosphere iy, ¢G5 7.77%® 43.60° 1.39°
Bulk soil ¢S’ o5 55 7.922 37.99° 1.542

Al od 45 xe BMBT (gl)ls 70 Jlos] o )3 S pide B9y 5]yl dlael
Numbers followed by the same letter are not significantly different (P<0.05)
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Table 5- Mean comparison of the effect of organic matter and distance from root on chemical forms of cadmium in studied

soil

Treatment ;lo.s Zone aab

Cd- Cd- Cd- Cd- Cd- Cd-
Ex Car Ox OM Res DTPA

Rhizosphere ,aus51, 172/ 214m™ 1.28™ 0.15™ 0.41m™ 1.92

Without organic  JT asle ¢ygu Close tq shwoply o35 173% 2407 142% 015" 0471 1.92b
mater Rhizosphere

(Bulk soil) S o3g 171m  227m™  151™  0.17™  0.45™ 1.99°b

Rhizosphere aus 3!, 156" 2.45™ 147™ 0.13™ 0.42™ 1.632

With organic mater JT salo U Close 10 jhuyi)y 205 159" 258" 150™ 014 036  157°
Rhizosphere

Bulk soil S& o 1.62m  248™ 143™ 0.18™ 0.39™ 1.552

b e I3 ine OS] (15 7 Jlas grdans 55 S jiia by (sl slae]
Numbers followed by the same letter are not significantly different (P<0.05)
23b o I gxe (g bl glis dgzg pac ailis ns
"s: not significantly different
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Introduction: The pollution of soils by heavy metals due to human activities poses a serious concern for
human and environmental health. In order to evaluate the risks of heavy metal contamination such as cadmium
in soil, it is necessary to understand its bioavailability which depends on its chemical forms in the soil.
According to Tessier (1979), heavy metals can be found in various chemical forms in soil including
exchangeable, bound to carbonates, bound to iron and manganese oxides and bound to organic matter and
residual. These fractions significantly influence the cadmium mobility and bioavailability. Distribution of metals
in chemical forms in soil depends on soil pH, amount of organic matter, oxidation-reduction potential and ionic
strength. Root exudation, soil texture, cation exchangeable capacity and amount of calcium carbonate may also
impact chemical forms of cadmium. Many studies have showed that plant root may affect the chemistry of heavy
metals in soil root zone. The objective of this study was to evaluate the effect of organic matter on the
distribution of cadmium in corn root media.

Materials and Methods: To investigate the effect of organic matter (cow manure) and root activity on
chemical forms of cadmium, a greenhouse experiment was conducted using rhizobox. The contaminated soil
sample used in the study was collected from Zanjan. This greenhouse experiment was conducted in a factorial
design, with 2 replications, two levels of organic matter (0 and 1.5%) and three zones classified based on their
distance from root. The soil samples were air dried and crushed to pass through a 2-mm sieve. The cultivation
was conducted using a rhizobox. The rhizobox consisted of three parts: 1.central compartment (rhizosphere),
2.close to rhizosphere, and 3. soil bulk. Soil samples were mixed with fertilizer and packed in rhizobox. Eight
pre-germinated maize seedlings were transferred to the central compartment and five days after germination,
thinned to four plants. Ten weeks after planting, corn plants were harvested for analysis. The compartments of
rhizobox were separated. The collected plant samples (root and shoot) were rinsed with deionized water and
oven-dried at 70 "C. Soil samples were also measured for pH, CEC and total organic carbon. The chemical forms
of cadmium in the soil and plant samples were identified by the sequential extraction procedure proposed by
Tessier (1979). Bioavailable cadmium in soil was also extracted by DTPA-TEA.

Results and Discussion: Results showed that the highest amount of soil cadmium was found in carbonate
fraction. Adding organic matter increased the soil pH, CEC and organic carbon amount, whereas none of
chemical forms of cadmium were significantly affected by adding organic matter. Bioavailability of cadmium,
however, decreased by adding organic matter to soil, It can be therefore concluded that increment in cadmium
uptake due to increased organic matter led to decreased cadmium bioavailability. The exchangeable cadmium
was negatively correlated to soil organic carbon, while bioavailable cadmium was negatively correlated to soil
pH, CEC and amount of soil organic carbon. Moreover, our results indicated that the fractions of cadmium were
not significantly affected by distance from the root. Moreover, adding organic matter insignificantly increased
concentration of cadmium in shoots, roots and total plants.

Conclusion: In this study, among different chemical forms of cadmium, only bioavailable cadmium was
significantly affected by adding organic matter to soil. Additionally, soil pH, CEC and organic carbon were
significantly increased by adding organic matter. These results indicate that addition of organic matter to soil
may indirectly influence chemical forms of cadmium through impacting soil properties (soil pH, CEC and
organic carbon). The addition of organic matter had the most influence on carbonate fraction of cadmium which
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Agriculture, Frdowsi University of Mashhad, Iran, Respectively
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may be potentially available to plant. It seems that addition of organic matter (cow manure) may result in
increase of cadmium concentration in plant. Therefore, it can be concluded that addition of cow manure to
calcareous soils with neutral to slightly alkaline pH may lead to increased cadmium uptake by the plant (corn)
and reduced soil cadmium concentration.

Keywords: Bioavailability, Cadmium, Fractionation, Organic matter, Rhizobox
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Table 1- ANOVA results (mean square values) for the main effects of cadmium pollution, salinity and plant residue; and

their interactions with time (T) for soil available cadmium (Cdava), microbial biomass C (MBC), microbial respiration rate
(MRR) and specific respiratory quotient (qCO2)

Oyt o gf TR B el (955 o3 () (90 AT S ol 09 0 8
Sources of variation Cdava. MBC MRR gCO2
29 o Sl 1
Between-Subjects Effects
Pollution (P) 1 24.2""(1.00) 19901*(0.88) 21.6""(1.00) 28577(0.97)
Salinity (S) 2 0.68"(0.99) 30751"(1.00) 18.8"7(1.00) 1036™(0.99)
Residue (R) 1 4.74™(1.00) 170693""(1.00) 172""(1.00) 87677(0.99)
PxS 2 0.31(0.99) 423"7(0.96) 0.08"(0.93) 30577(0.98)
PxR 1 2.8177(1.00) 0.42"*(0.01) 0.58"*(0.98) 392"(0.96)
SxR 2 0.001"(0.06) 1499"*(0.99) 0.26"(0.98) 705"(0.99)
PxSxR 2 0.01"(0.71) 340"(0.95) 1.3177(1.00) 19.3"(0.80)
(Error) s 36 25x10°° 0.92 3x10* 0.26
C.V.(%) 2.71 1.01 0.52 1.44
2)5 09y e &l
Within-Subjects Effects
Time (T) 2 0.053""(0.89) 73096"(1.00) 214™7(1.00) 3115%(0.99)
TxP 2 0.0557(0.89) 520"**(0.95) 1.36™(0.99) 71817(0.64)
TxS 4 0.008™(0.71) 1053"*%(0.99) 3.737(1.00) 134™(0.87)
TxR 2 0.0047(0.35) 10569"*(1.00) 21.87(1.00) 199™(0.83)
TxPxS 4 0.007"(0.69) 136™(0.91) 0.04*(0.84) 16.2"*(0.45)
TxPxR 2 0.0047(0.35) 532"*(0.96) 0.177(0.92) 55.9"*(0.58)
TxSxR 4 0.007""(0.68) 3797(0.97) 0.25"(0.97) 155™%(0.88)
TxPxSxR 4 0.006"(0.67) 76.37(0.86) 0.337"(1.98) 2.267(0.10)
Error (Time) 72 18x10° 0.70 4x104 0.70
C.V. (%) 2.31 0.88 0.63 0.88

oy (CV.) sibe doy> /Y O grhows )3yl ime g 0 iyl pogie & a4 ™™ ** * M 13l o (SSeffect! (SSettect + SSerror)) (35> Eta? swimalis 5l S50 slael

The numbers in parentheses represent the partial Eta? ((SSefrect / SSefrect) + SSerror) @S @ measure of the effect size; "

Oy

significant at 5, 1, 0.1%, respectively. C.V. coefficient of variation

5 * wx kek
’

non-significant and
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Table 2- The effect of plant residue, cadmium pollution and salinity on soil available cadmium (Cdava.) concentration.
Values are mean (n = 4) with standard error (SE) of the mean

LS bl o3l Sogw (595) 8512 5905 (ylo;
Plant residue Pollution  Salinity Sampling time (day)
(mg kg?) (dSm?) 30 60 90
1.35 0.16+0.003A 0.15+0.004Ai 0.16+0.006A
0 7.5 0.21+0.0054" 0.2140.011An 0.21+0.012A
2L bl e 15 0.28+0.006A9 0.27+0.006"9 0.26+0.006"9
Without plant residue 1.35 1.12+0.0058¢ 1.07+0.006%¢ 1.15+0.0114¢
30 75 1.28+0.006¢P 1.31+0.005¢P 1.40+0.011A°
15 1.41+0.00982 1.48+0.00542 1.57+0.007¢2
1.35 0.11+0.004A 0.11+0.0034% 0.11+0.0054k
0 7.5 0.12+0.006A 0.12+0.003A 0.13+0.004A
2L bl b 15 0.16+0.002A 0.14+0.005C1 0.15+0.004A
With plant residue 30 1.35 0.40+0.009¢f 0.44+0.006°f 0.5040.013Af
75 0.52+0.002¢¢ 0.73+0.006B¢ 0.84+0.009%¢
15 0.85+0.0078d 0.84+0.0098d 0.91+0.011Ad

2 LSD yg0j] ool 2 bojloss (e duoyd B g 3 I3 sime V] 336 cliin (S s g (6l baysSilyo cygies o 5o
At LSD (901 ol calisce (slavyloj omm 2o yd O gaws )3 I5 ze W3] 4316 caliin 53 gy (ol oSl iy y
Within each column the means sharing similar lowercase letters do not have significant differences among treatments at 5% level according to the

LSD test
Within each row the means sharing similar uppercase letters do not have significant differences at 5% level between different sampling times at 5%

level according to the LSD test

GBS )3 (ualy Jibwo W3las (polusl 2 038 dgmslona (Cllava) i B eodls CBLE 2 (S99 (55908 ilite 151 £95 Capplo =¥ Jgo
LS S L (R1) oad los 5 (RO) 00k Lo

Table 3- The nature of interactions between salinity and Cd pollution on concentration of soil available Cd in soils untreated
(RO) and treated (R1) with plant residue determined on the basis of the Bliss independence model

Loy s (30 days) ;9, ¥+ (60 days) 39,1+ (90 days) 39,4+
(Sdas"m_t}; Treatment RO R1 RO R1 RO R1

S +36.8 +13.4 +36.4  +19.4 +31.2  +195

P +616 +260 +596 +309 +618 +351

(PS)o +718 +365 +754 +584 +773 +669

75 (PS)e +879 +308 +849 +389 +842 +439

' Close 13.6 8.35 12.1 19.4 21.2 25.6
t-statistic 175 26.9 11.4 35.7 8.09 234

p-statistic  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Interaction ~ SYN ANT SYN ANT SYN ANT

S +74.1  +40.4 +72.6 +36.4 +62.7  +38.3

P +616 +260 +596 +309 +618 +351

(PS)o +800 +666 +865 +692 +876 +733

15 (PS)e +1146  +406 +1101  +458 +1069  +523
Closw 15.7 20.9 9.79 245 145 314

t-statistic 12.8 54.1 419 32.7 22.0 46.0

p-statistic  <0.001  <0.001 <0.001 <0.001 0.001 <0.001
Interaction SYN ANT SYN ANT SYN ANT

A0 Jloss] o y3 yluabol 3935 Claso < S5 g ()95 o st S sz 1 (PS)p (539 5 (690 01 osmlie S yiio 1 (PS)o ¢ olos 4 0391 S P olos 4 90 S-S
(c5))5,55L) ANT 4 ()5S wa) SYN ( Llize 5l g4 Interaction & test oge51 5 P gt o,lel (two-tail) p statistic 4 t statistic o)

S saline soil, P Cd-polluted soil, (PS)o the observed effect of salinity and pollution, (PS)e the predicted effect of salinity and pollution, Clgsy,
confidence interval at 95%; t-statistic student’s t test; p-statistic two-tail p value; SYN synergistic, ANT antagonistic
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Table 4- The effect of plant residue, cadmium pollution and salinity on soil microbial biomass carbon (MBC) content,
microbial respiration rate (MRR) and specific respiratory quotient (qCOz). Values are mean (n = 4) with standard error (SE)

of the mean
2l Ll vy S (595) 8512 5905 (ylo;
Plant residue  Pollution  Salinity Sampling time (day)
(mg kgl) (dS m?) 30 60 90
(29,50 03§} (32)S
MBC (mg kg?)
Sbla g 1.35 139:0.3249 82.9+0.315f 58.3+0.40C9
s 0 75 106+0.4171 60.2+0.51Bh 52.0+0.98Ch
B 15 76.0£0.194 38.7+0.2868 38.0+0.386
Without plant 135 118+0.36A 73.1+0.48B9 53.0£0.47Ch
residue 30 75 61.0+0.21Ak 35.4+0.388i 36.0:+0.148i
15 32.5:0.31A 16.7+0.088k 14.5+0.298k
ol bl | 1.35 227+0.45°2 171+0.9582 115+0.42¢2
With plant 0 75 191+0.454¢ 109+0.3484 71.8+0.34¢d
residue 15 176+0.27Ad 126+0.738¢ 83.4+0.79¢¢
1.35 208+0.374b 141+0.408° 95.7+0.39C0
30 75 163+0.124¢ 89.4+0.528¢ 64.7+0.44Ce
15 158+0.34A 83.4+0.315f 56.4+0.28¢f
(2925 S ey
MRR (mg kg day™?)
Sbla g 1.35 5.38+0.006% 2.390.005% 1.59+0.006%
s 0 75 4.360.028A 1.90+0.0068 1.28+0.051C
et 15 3.36+0.007A 1.78+0.0078 1.15+0.009C
Without plant 135 521+0.008% 2.15+0.005¢" 1.37+0.012¢h
residue 30 75 2.92+0.0074% 1.23+0.0098 0.90+0.002¢
15 2.05+0.008A! 1.03+0.0048 0.52+0.004°
ol bl | 1.35 9.65+0.008% 4.7620.05082 2.55+0.050C2
With plant 0 75 7.62+0.007A¢ 4.12+0.0048b 2.43+0.004P
residue 15 7.21+0.008Ad 3.46+0.02184 2.20+0.006°¢
1.35 7.78+0.00420 3.53+0.0138¢ 2.05+0.010°¢
30 75 6.63+0.008%¢ 2.85+0.0048¢ 2.02+0.004°¢
15 6.41+0.006Af 2.81+0.0208f 1.81+0.008¢f
(RS 0329 Gy
qCO2 (ug CO2-C mgt MBC day™)
Ll o 0 1.35 38.8+0.067¢ 29.0+0.0789 27.4+0.17¢¢
s 75 41.2+0.32%¢ 31.6+0.268f 24.8+0.44ch
s 15 44.4+0.218¢ 45.9+0.4420 30.5+0.32C¢
Wltrg:gﬂam 30 1.35 44.4+0.15A¢ 29.5+0.2289 26.1+0.23C9
75 48.2+0.2240 34.8+0.458¢ 25.0+£0.03¢h
15 63.1+0.4742 61.8+0.414a 35.8+0.52C2
ol bl | 0 1.35 42.5+0.11Ad 27.8+0.13Bh 22.2+0.08C
With plant 75 39.8+0.10Af 38.0+0.13B¢ 33.8+0.13¢0
residue 15 40.9+0.04%¢ 27.5+0.25°" 26.4+0.27%
30 1.35 37.40.09A" 25.1+0.0668 21.5+0.17C
75 40.8+0.07%¢ 31.8+0.218f 31.2+0.228¢
15 40.7+0.12%¢ 33.7+0.358¢ 32.3+0.23Cc

2 LSD (y9051 (bl o jlos (s 2o yd O grdans 3yl jize M5 1316 cavlive SorgS gy syl (slacySilie gy 5
2z LSD (y9051 (bl iliises (slagyloj o o yd O prbanw ) 5l jize M5 1816 casliie 530 By > (sl (sl ko cisd) jo

Within each column the means sharing similar lowercase letters do not have significant differences among treatments at 5% level according to the

Within each row the means sharing similar uppercase letters do not have significant differences at 5% level between different sampling times at 5%

LSD test

level according to the LSD test
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Table 5- The nature of interactions between salinity and Cd pollution on soil microbial biomass carbon (MBC) content and

microbial respiration rate (MRR) in soils untreated (R0) and treated (R1) with plant residue determined on the basis of the
Bliss independence model

Koy Jos (30 days) ;9, ¥+ (60 days) ;9,1 (90 days) 39,4+
(Sdasl'm_t}; Treatment RO R1 RO R1 RO R1
950 03P ; ()5
MBC

S -23.5 -15.8 -27.3 -36.6 -10.8 -37.5

P -15.2 -8.52 -11.7 -17.9 -9.43 -16.7

(PS)o 561 -225 572  -265 382 274

. (PS)e 351 -229 -358  -48.0 192 -479

' Closy 0.47 0.38 2.00 3.86 1.50 2.18
t-statistic 45.1 -0.90 15.8 -24.6 7.93 -30.8
p-statistic  <0.001 0.42 <0.001 <0.001 <0.001 <0.001
Interaction SYN ADD SYN ANT SYN ANT

S -45.4 -28.5 -53.3 -47.8 -34.8 -43.7

P -15.2 -8.52 -11.7 -17.9 -9.43 -16.7

(PS)o 765  -306 798  -513 751 -50.9

15 (PS)r 537  -346 588  -57.2 410  -53.1

Closw 0.71 0.48 0.32 3.09 1.56 0.76

t-statistic 89.2 -18.2 20.6 -3.06 42.2 -3.06

p-statistic  <0.001 <0.001 <0.001 0.04 <0.001 0.04
Interaction SYN ANT SYN ANT SYN ANT

(90 S 8y
MRR

S -18.8 -21.0 -20.5 -13.4 -19.2 -4.83

P -3.12 -19.4 -9.95 -25.8 -13.7 -19.5

(PS)o 456  -253 485  -27.3 436  -136

75 (PS)p -21.4 -36.3 -28.4 -35.7 -30.3 -23.4

' Closw 0.37 0.33 1.12 1.58 0.59 0.75
t-statistic 38,5 -66.9 38.3 -12.0 16.3 -19.1
p-statistic  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Interaction SYN ANT SYN ANT SYN ANT

S -37.6 -31.2 -25.9 -40.2 -27.5 -20.9

15 P -3.12 -19.4 -9.95 -25.8 -13.7 -19.5
(PS)o 619  -336 570  -41.1 675  -287

(PS)p -39.5 -44.6 -33.3 -55.6 -37.4 -36.3

Closy 0.47 0.21 0.59 1.37 0.96 1.15

t-statistic 715 -106 45.8 -38.8 65.6 -12.7
p-statistic  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001
Interaction SYN ANT SYN ANT SYN ANT

A0 Jloss! o y3 yluabol 3935 Claso < S91 g ()95 0 st S sz 3 (PS)p (539 5 (690 01 osmlive S jiin 51 (PS)o ¢ 2los 4 0391 S P plos 4 9 S-S
(Jizune) ADD 5 (6 )5,85L) ANT ()b, wa) SYN ¢ blize 1 ¢4 Interaction & test oyse5l ;o P ot o)Ll (two-tail) p statistics , t statistics .o,

S saline soil, P Cd-polluted soil, (PS)O the observed effect of salinity and pollution, (PS)e the predicted effect of salinity and pollution, C195%
confidence interval at 95%; t-statistic student’s t test; p-statistic two-tail p value; SYN synergistic, ANT antagonistic, ADD additive
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Figure 1- The patterns of cumulative carbon (C) mineralization at different levels of salinity and cadmium in soils untreated
(a) and treated (b) with plant residue (n=4). PO unpolluted and P1 Cd-polluted (30 mg kg!) soil; SO control, S1 7.5 and S2 15
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Table 6- The nature of interactions between salinity and Cd pollution on specific respiratory quotient (qCOz). estimated
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Introduction: Soil, as an important component of terrestrial ecosystems, plant growth media, and a habitat
of diverse living organisms commonly encounters a variety of abiotic stresses. Soil microorganisms play an
important role in maintaining soil quality and functioning, since they are responsible for the decomposition of
dead organic material, nutrient cycling and degradation of hazardous organic pollutants. Metal toxicity and
salinity are the major abiotic stresses affecting soil microbial activity and community structure in many areas of
the world, in particular arid regions. Anthropogenic activities have increased the concentration of heavy metals
and soluble salts in soil, resulting in a major constrain for soil microbial performance and functions.
Furthermore, soil microbial activity and biochemical processes are often limited by substrate availability in arid
areas due to the low organic inputs. Although the individual effects of salinity and metal toxicity stresses on soil
biological activity are generally well-known, their combined effects on microbial growth, population and
functions are largely uncertain. The main aim of this study was to investigate the interactive effects of salinity
and cadmium (Cd) Pollution on microbial respiration and biomass in a calcareous soil treated with plant residue.
It was hypothesized that salinity would increase mobility and availability of Cd with subsequent reductions in
microbial activity and biomass, and that addition of plant residue would modify these salinity effects.

Materials and Methods: This study was conducted under controlled laboratory conditions at Shahrekord
University. A factorial experiment with two levels of cadmium (0 and 30 mg kg™?), three levels of salinity (1.35,
7.5 and 10 dS m?) and two levels of plant residue (with and without alfalfa residue) was conducted using a
completely randomized design with four replications. Using cadmium chloride salt, the soil was contaminated,
and subsequently amended with alfalfa residue (1%, w/w). After thorough mixing of soil and plant residue,
salinity treatments were applied using NaCl salt. To reactivate the microbial population and for the aging effect,
soil moisture was set at 70% of field capacity, and containers were pre-incubated at room temperature for 4
weeks. The samples were then incubated at 25+1 °C for 98 days. Soil carbon (C) mineralization (microbial
respiration) was measured weekly, and available Cd and microbial biomass C were measured at monthly
intervals. In this experiment, the Bliss independence model was used to determine the type and nature of the
interaction between salinity and pollution (synergistic and antagonistic).

Results and Discussion: The results showed that NaCl salinity increased the concentration of soil available
Cd in both polluted and unpolluted soils over the experimental period, and the increases were greater at high than
low salinity levels. This effect of salinity was less pronounced in residue-amended and unamended soils. In
general, a strong synergistic effect of both stresses upon Cd availability was observed in residue-unamended
soils while this effect was mostly antagonistic in residue-amended soils. This indicates that addition of plant
residue to enhance soil organic matter may indirectly repress or lower salinity effect on Cd toxicity. Soil salinity
decreased microbial biomass C and respiration with subsequent increases in specific respiratory quotient due to
the increases in Cd solubility and availability. However, the changes in microbial properties were much lower in
residue-amended and unamended soils. Addition of plant residue decreased the negative effects of both the
individual and combined salinity and Cd pollution on microbial biomass and respiration. The interactive effect of
these two stresses was mainly synergistic in residue-treated soils while it was antagonistic in residue-untreated
soils. Overall, a strong synergistic effect occurred when both stresses were combined in the absence of plant
residue while this effect was antagonistic in the presence of plant residue.

Conclusion: This study provided evidence that salinity could synergistically increase the mobility, bio-
availability, and toxicity of Cd in Cd-polluted soils with C limitation. This was reflected by synergistic
reductions in soil microbial biomass and respiration. However, addition of plant residue to increase soil organic
matter lowered this effect of salinity, resulting in the antagonistic effects of salinity and pollution on soil
microbial biomass and respiration. The reason for increase in the microbial activity in soils treated with plant
residue was the increase of available substrate. As a result, using the plant residue increased the stimulatory
effect of microbial activity. These findings point to the importance of providing adequate organic residues to
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Shahrekord University, Iran, Respectively
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enhance soil microbial performance and agricultural sustainability in polluted soils under salinity stress.
However, further information on responses of microbial indicators to the joint effect of salinity and Cd toxicity is
required.

Keywords: Interactions, Metal availability, Microbial biomass, Microbial respiration Pollution, Salinity
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1- Integrated Plant Nutrition Management (IPNM)
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Table 1- Some physical and chemical characteristics of soil in two years (2014 and 2015)

o SL bl o ulyw o) CCE <ol sp pH (1:1) EC (1:2)
Year Sand  Silt Clay oM (W:v) (w:v)
Soil Texture (%) - (dS/m)
2014 Clay loam 25 39 36 20.5 0.88 45 8.5 1.4
2015 Clay loam 25 39 36 20.1 0.86 47 8.5 1.3
o Ebdl Cugby 1o y3 $SP ¢ Jolre punds” il :CCE
Table 2- Soil total N and available P, K, Ca and Mg in two years (2014 and 2015)

Jw (N oi (P) wd (K)puwly  (Na) pooww (Ca) el (MQ) 2 a0

Year (%) (mg/kg)

2014 0.06 4 250.3 146.2 712.6 645.7

2015 0.05 6 230.7 137.3 758.7 686.9

(YFRE 5 IFAY) Sl 93 15 S )3 cyuiows I3l 5 13 g oS o1lid polis i JulB g JS Clile ¥ Jous

Table 3- The concentrations of total, available micronutrients and some heavy metals of soil in two years (2014 and 2015)

Jle Fe) ol (ZN) s (Mn) 355 (CU) pwe  (C) pse38  (PD) oy
Year (mg/kg)
2014-Total 14713 374 150.6 15.4 0.63 2.5
2015-Total 16800 334 141.9 15.1 0.55 2.5
2014-Available 4.6 0.2 3.6 2.3 0.03 0.06
2015-Available 4.4 0.3 3.2 2.4 0.03 0.07

(VYRE 5 IYAY) Jl 93,3 (gl y30 szl )3 23liiul 390 WS (2 srluond S S59 52— Jgo
Table 4- Some chemical characteristics of sewage sludge used in the field experiment (2014 and 2015)

[¢) 1. o) 1 o, et
Jb pHs) (W:v)  ECqs)(dS/m) (w:v) (%) f—*J rd (%) °" tosle (%) J5 I oIN
Year Organic Carbon  Organic Matter  Total Nitrogen
2014 6.9 2.8 31.1 60.1 2.7 115
2015 6.8 2.5 32.7 68.1 2.8 11.7

(VY€ 5 IVAY) Jlw 95, oaliiw! 590 IS 42d 13 jolis J5 Cdilé -0 Joun
Table 5- Total concentrations of elements in the used sewage sludge (2014 and 2015)

Ju P K Na Ca Mg Fe Mn Zn Cu Cd Pb
(mg/g) (mg/kg)
2014 25 11 075 183 12.0 12902 245 750.0 575 4.1 1415

2015 20 14 11 18 133 16280 310 9725 675 4.2 758
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Table 6- Analysis of variance (mean of squares) for effects of year (), irrigation (1), triple superphosphate (TSP) and sewage
sludge (SS) on yield characteristics of sunflower

JUECI T Gilan,y Al iagyy RO el o uon b ykd Al oSk
Sources of variation Df (1000 SW)  (WSH) &gy (NSH) aig (PEA) (HD) (SY)
(Y) Jw 1 39.5™ 4857 617 0.28™ 385.2™ 21155399
Replication (Y) (Jl) ,I,$5 4 3.1 5 3834 0.49 2.3 21386
O 1 2619.7" 2133" 209458" 5.3 28.7" 9290913™
Y x| 1 0.3 2m 5232 0.23™ 36.9 6844
(Error) s 4 11.3 7 14165 0.92 3.3 31928
(TSP) jaud 38 2 230.1" 1593™ 80511™ 50.1" 84.3™ 6940276™
TSP xY 2 19.4" 319 60778" 0.61™ 26.5™ 1391636™
TSP x| 2 60.0" 1441™ 200002 9.9 16.2™ 6274825
IxTSPxY 2 2.6™ 845™ 180818™ 1.6™ 1.7 3679417
(SS) oMl 3 1386.1™ 3540™ 233505™ 188.2" 69.0™ 15419007*"
SSxY 3 1.4 27" 49801" 1.5™ 19.0™ 117527
SSx| 3 29.2" 437 13404" 1.7 0.68™ 1904224
SSx TSP 6 148.5™ 400™ 79232 14.5™ 11.1™ 1743815™
SSxTSPxY 6 9.8™ 125™ 65720™ 247 2.4" 542903™
SSx TSP x| 6 27.3" 78" 55749™ 17.4™ 5.6™ 337695™
SSxTSPxIxY 9 13.1™ 56" 87045™ 1.1m 4.2 245529"
(Error) ks 88 10.6 22.4 15692 0.6 0.89 97477
(CVR) iy oy - 6.3 7.2 9.4 147 5.2 7.2

TN 5 70 Jlss] gdaws )3 jlolize Iz pué iy s g % NS
1000 seed weight: 1000 SW; weight and number of seeds per plant: WSP and NSP; the percentage of empty achenes:PEA; head
diameter: HD; Seed yield: SY
ns, = and == are non-significant and significant at 5 and 1 % probability levels, respectively

L (oS’ 5 dy o 55 41 (A Jgaz) 8l il gllas
> G5y GELS G 99339) St 5 A (IS 5y 0)90 LielS
08 sl S o ol oy 1 S0 4l 0 5 0990 3988 oe
o @l polie g slopdd dlge JUinl g g (sl pogdle
S99 BraseS g Spasy N pole il (398 ST il
b lim 5 9 00l oS 0ad LSl slaaly sl ausly

wls )32 059
el e a0l 3 Sloe sl jlails Jlia (jg 4l 4 4295 L
Aunlio (V) dmd o iol58l 1y asly 5y Shae 3o o il 380
o =l , Sl el 4l o (g sl eSilse
N2 0s oS o Jlosl b a8 3l (liss (o)l shudx oMl
bl Ll &y s (o YY) (g oline psbocty 3, Sbidl sl



RS Wil — ooty F oylods FY alr (S g T 4 is VPYY

2 ash S ol a8 ol las (YF) o) Sen 5 (ganion o
SooS g p Ao S sladily sl Lolisl Bl b, Skl sl
a Lod gab o il olaw 5 il Lall Sis (i blyd g
aly iate 5 oroen Jol 403y 25l i3e Seiolid Jolye
GMS 4 yles o1y 5y50 (pl )d Ggldte guls dgng (VYY) ML 0
O S g S ol 4 oS G55 Jlesl olej o3, £ 0
Sl as &l olasi g 59 sl 1SSl duslds (FV) Bl Canad
Yoo Byane L aS ol olis (oylulx jaudx oMol oy flise
b olass g 59 wellas (g)lul kylyd o liSa > TSP 5,55l
Joda) bl nl58l aald 4 Cuws o ¥ g Fr Cud Sy dg 40
Siws g 39,8 > OB o 5 OFIY G puan b pimon (A
P9 dod A g ¥ cdpan wglhe (gylol Lulys )3 64 5> als
2l 4 G doyd YV 6 VNV i pay dgdme (g)ll Lty
2 LS ;5SS 45 VIV Gy a5 dald oy Jg a8l il
(A Jgaes) ey a9 g (g hbline cglds wgllae (gl bty
O oy Cyma b )1, Kolis] g 5> aily slusi 5 159 (il
039 Bl 3Nl dslie sl o (5,155 5.5 (V) blgV lawgs
3y liss ylalx pandx M > Jlize 1 (gly gy 5o il
Lo OY L wglhas (oyll Ll s (> aigr 5 ils (59 oy &5
PR eSS Voo (il Lol sl jles an cons (il
pSokS Voo olalas L 4 asl cowday SS o5 0S/V+TSP
o= 0FIY 4SS 5 VFIY+TSP p,54lSY++ SS -5 YA/¥+TSP
bl bl sy sl (ybolise gl olesa iSa ;> SS
A G Ginl3 8l o WL gy 50 dild (yjg o by Dgdome
O DFIVATSP p)Sels Ve v (2l o & 055 Bpae (o Jloss
Voo il jles b asS 5 by 254 SS o5 0F/Y 4 SS
Jods) asls 5,8 gylel 09,5 G ;5 SS 5 OF/VHTSP 5 34ls
P oMol yod Byae ciio 15U () o )LSen 5 den] (A
i wl 3y s S Jolse ilidl & 1) (g5,0li8 slaSB
Sangn dlge a5 155,5" 5)155 LT ol s S8 g Sagn
h S sls ol cud )b ¢ Sal slocSs pH talS 093l
S i a5 0 s b ke duslie lad o o3l 35
A G ]38l Moy VL Callas (g)lul baslyid o &gy 50 &l
Yeo 9SS 5 YAF+TSP p 5 LS YVeo 44l Loy jl aals
Yoo lajles g dol cunsay 1S ;5SS 5 VF/Y+TSP p,Sols
9SS 5 OFIV+TSP 59 LS Y+« SS -5 OFIV+TSP p,5els
ool baalpd > il jl8 (gun olSole > olea SS o OFIY
Camans lol58] 2o )3 YV/O L gy 53 &ily dlawd oy iy 50 Dgdone
350 borye LS 3 SS (5 OFIV jlags 4 355 Bpan gy slasd &
pSelS Voo SS 3 YAF+TSP p 5o LS Vv lajlos b oS
2,8 ;5SS 5 YAF+TSP 2,54l ¥+« 4SS 5 \F/Y+TSP

by (pS 15 5l p i i jg (el (V) Bbe ials
55 Sl 55 (VF) oylSan g laskmd ¢ (05) olSan 5 el
Yoo Gypama L a8 ol ol o Solis dumslio sl ok i )5S
Loyl 5 ol ST o Jl3m (59 oyt S )3 TSP p S ls
O Py b Jols (5 ¥R 500 (i) dgum g ogllas (gl
9l ogllas (gylol klpd ;> TSP p)Sobs Ve v Bpao g ol
ool g e ol (A Jy32) il gy (6o
TSP p 5ol Yor byama & ol 013 U ljS (V4 o Ko
2 ol 8l aals 4 cows O 1) opd ashy e i e
b e G5s LS > OAS (pd (5 0PIV B pae (izren
FY g YA o yan |y d9ae g wglhae (gylol Ll s o)), ol
OSVEIY 5 a0 polaw (po (Jg ol il sald & Cons sy
yllime ciglss dgame (gylul bl p3 )l ;5 OB
o e Sl ol Liolel ol ol (A Jods) aiis saaliie
51 o) & ol ol 55 gy 2 2399 o, Sl 5,y Sl
Wl 5 o3gri 9 ol i Gl ) 36 OISl (o Cute
5 U e sl (FY) 43l o g 5 5 s a3
o by g llas (lol bl o s Jlim (i ey oS ol
1555 55 051V 5SS 53 FIVATSP S LS Yro il jlos
ald 4y Cawd o ¥ o FY Coi g o« g olhisa (S
0l )i i ot d9ame gyl bl o il i3l
5 OFIV 4SS o5 DFIVATSP p SolS Yoo il Jlag & bogrye
oiol38l sald 4 Cans Jo 2 FY 9 PV i Sy &S dg JLSa ;0 SS
N3 san ol )3 SS (5 OFIVHTSP p)Sshs 1+ jlass g aiBly
NSty 508 i L e ol (A Jyi) el
13 6oLS 395 (35 VF il G b o8 ol 015 )5S (55)
1,3kl &l 3 Shas o o S 45 0yl p,5ghS WY+ 5 LS
5 T sdeS adls Grae b ol 5 Shas yial8l el comsay
hie polie cute Jla plgi oo |y (St Gi5 Laalpd 3 (olend
o8l g (s 5tgd aailaSs, Gioljal ol () el

(¥2) 315 s olS otagy 135 ) F3e sla 5l lled

diga yo ddlaalaad 9 (459
b (o5 bloyl sdo jo aily dlass g &ils (59 a5 oyl 4 asgs b
g b o o)1, 50LT wils 3 Shas cljnl o et 1 W)l ,S0uSs
daglie (VF) 45 S )8 515 s (il 3y Shos I8l (ol
aS ol s ylalx pandx oMl od blite Sl ola pSike
4 Cumd (5bline gty |y gy )3 s 3w 5 059 (S 1
b (elie 55 (A Jpis) ob ialS gllao ()l Ll
ol By 1Y) el 33 S5 (Y- +F) oS 5 (55055



VPFY OB o g il B pae b o1 LT 5 Slas (s1321 9 8 ,Shos a0

gl Cowddy dgame (gylol bl 1> Slasar Ju 5 lad pgu
o A i bl (S st 355 B pae gt sl ol 5l oy
b e gl A Jpis) cotls spaone csylal Ly o
VO il e a5 Canl oad 5155 (V8) o)) Ken 5 ollclowl
=S 0dd dog (ol 395 hait S )3 (555 058 (5
o=l s e |y Lajlas plo 4 cans )3, S0l8]  Se oy
SiglisS > NSl od Byme (VL 35l (S Shag
b deys Slindpngw g OB (o) (il Spae py)) 9 23L( e

Amd e s o, 5okl wild 3 Slas i 4 (oliwd lp

B s
e 33 4013 3 Shos Ly (g ol 5 e a3
(YY) 28 2y (g iy 4l 5 Sdae Wil o 5555 slagbo
o= Jlie )5 el b B Lo Silse alia
syl |y b B (S 415 4 3 (L5 (o)l phudx A
3y ialS Cgdlae (g)lul buly s dy Cas (Aoyd VYY) (gboline
oS 05 51 oS glis) 5 b b gl (A Jga2)
Ao [PV 5 OY) Cewl oads ()55 50 calisee ldisce lawes
105 L] polia I35l 5 SS TSP G yumo 45 ol i o yeSiln
Yoo Byune dS (gyabbany asob Linlidl g)blixe jobas |y 3b
Gk pad LS 1> OIS (5 (5 OFIV 5 TSP p 55 LS
135 oy TF 5 VY i i llan 6ylul Ly 5o 1y ol Soli]
28 4 Coud oy YA 5 Fo Lo ian dgame (bl bl
Gy 51y oSSl o b L33 (A Jpan) 3l il
o G5 55 (1) o) Son  siye b i 355
50l b 51 Ml ol e S sl 00l L5 Loy
b oSl 3k sy (i ol plus g (g ol
ol 15l b 8 (oS sl {Y) im0 13
3 b a8 i a8 o L ol jaudx ML o
o 5l anlis dn s Liol33l ao ) ¥5 L wgllas (gLl Lty
slasles g ael Cunday SS 5 OFIVHTSP p SolS Voo Lails
53 YABHTSP 5,55 LS Yor SS 55 VEYATSP o SolS V- -
b5 3 e oSl > Sy ole4 SS oy OFIY 4 SS
Olal38l o) FA Ly gl ylab oy iy Sgame gkl Ll o
5SS 3 OFIVHTSP p S5 LS Voo olajlos 5l dals 4 s
bkelornl (A Joda) dol camdas [l ;> OB 5d 5 OF/Y
PSP 255 (5 W0 il 4l oS )5 ()15 (VF) oK 5
TAD 1y oo, St 3o b ok dpogs (loans 398 huait UiSn
Sl ioliel sals 4 o

5 S byt (elio b (A Jgi) 2zl 8 )l g ) S,
o0 265 5 Ve il OB yuns oS Cawl odds )5)55 (OF) e
2 oAllS yaud p)Se LS VY 5 (g p)Se ks 00 L S
ol 4y Cud Mo d VY |y g adigs 50 sladils slasy ()i
Ca i 45 Col ] ,Sly Limgh ol gols ol pl b yialsél
o (oS 15 5 gl ()bl Lulyd 93 oy 415 Bl

A 1, SOkl g 55 iy 59 g 2w oliae a3l

S5 Heys
o=d Jolie 31 gl Lasaly oSy Luilslg dnjo0 ol
Sl (S dopd jblixe il (A Jgas) ad (S duod jlolize
Col 0a ()35 5 o Simgy ol bawg (S S5 51
03,5 &l 255 L 9 (5,5 lubogs YU (slod 1y adl 2l (YR)
oS 1y p slabniy ol b slaiygepgn g aosisS wilats
i ooyl b 15U cou |y ladily iy aiitane it jobods g aril
Loy Ladily asy oo, Kokl )3 a8 cowl o3ls L5 b oy (51)
el y cnlplis gd e J3uS (WS ) 03)9 dlge g5 gte
03)9 dlge e JWl 9 3,1, S lacs)lumg S (line Mg 0 o5
olie D508 ( Suis i wile dad ials 1y o3yl (sl iz 4
d._mJLQ.A (‘l) BN} uMmU I) Ladasls ..\_M:) ..\_A‘ﬁ:u_n o):.é 9 u.:l.l..s‘—
L S doyd wogdhae olol bulps j3 oS sl olis s p ko
S 0 OBl oy od 45 O8IV g TSP p)Sg LS Ve e 8y o
L ogazme bl balyd )3 (g (ialS o ¥ 5V ey
S ) Ml oy od 5 A8V s TSP 5,55 LS Ve 8y ino
(A Jeas) ol )l ials aald &y Cond 2o > OO 9 ¥+ s iy
ol otlB g olS ) (5 clale Ll 5ok 5l S 2
P s 1Sl duslio (FY) a0 o il3al 1) olS wd) o jiiawgud
do)d opyieS a8 ol i o)l auix oMol > blie
Wld d Cons il 0o Ve b gl (bl bl 3 (S
9343 SS 45 OFIVHTSP 5,55 LS Voo 2l Loy d bgoye
pySe—LS¥er SS o SOFNV+TSP o5 LS Ver Lals
oll> ;5SS 5 YMY+TSP g SolS Yoo 4SS -5 VF/Y+TSP
L dgame (gyll bl > (S'gr duoyd oy yieS aiisly )5 cam
PSS Ve e (il jlosd & borje ol 4y G ialS 0o y3 A
o= YNY+TSP 2,854 LS Voo slajlos g 590 SS o5 0F/V+TSP
Sl 18 gam oSl ;3 SS 5 AF/VHTSP 5,55LS Yoo 4SS

f;w\"d)wl_g(.\_w).) \\”)‘5{9_3‘)._0)30{' "‘m,



WWAF il — ooty F oylods FY al> (S g ol 4 VPYY

Sm i Se damlie (B0) il S5 it} g (o 5503
3y L yaadx g ik oMl o blie 3l (gly il 3,8des
2o OV L ogdlae ylol bl (5 asily 5 Shas oy yidiy oS
o5 OFIVHTSP o 5ol Voo aal jla 5l dals 4 cand Lil58l
35 YAFATSP 5,86lS Yr o (linsloss 5 dol sy i 5 SS
15 olai SS 5 DIV 5 SS 5 VEY+TSP oSk Y-+ SS
3y Slas oy S930 (5l bulyid 53 sl Jl8 (gun oSl
o2d o8 OFIY elajlas 5l sl & s ol 8l o> VIE L il
S 13 SS (55 DFIVHTSP p,Se ks Ve g olaiidy LSk
hliKer g oWbb Liolojl zuls (A Joas) dol covdas 4ily 5, Slos
55 ¥ il o 6l 3,8l oyt o5 b o V)
olime Liol33l el Cowddy olowds 365 Chuas +)liSa j> ald 395
ol le oty wdss ael o pie slapllas jd il 5 Sloe
Sl Cae (Yol g da JB JSb 4 gl ol eald
S5 T Sl Gl 5 ol s S Syt sclolS
02 3 S i Gl g 698 (sl g dogs
GBS sl 5, Sles 3l 2lear olbesd 9 I sladgs
sl Bpae L as ol Lt Jiagi (1l @bt ((F0) Mt
S5 G 3 ol Sl s 3,Kkee ol (oS
Ao kS g b Jlad gy )3 &l Sl g g il Jlie o
otal38l (g )bline j5 b d940 g ogllas (o)l Ll > Sy
e La S bl 3Kk ot e (S 3529 2l

(V) cwsload (1155 35 oKyl plo dowges

IS (8 5 4o

Seod easy )3 adly sl g gy il Jlie s (S LB

oAl (g loline yaboay |y ol Sl il 5 )Shas g il jlab ¢ Sy
93y > I, 3oLl asly 5, Shae iol531as sl Lis guls ol
adls 5 iy Gial3l 5 22U (S 15 g Csllas o)l ki
oBalS g b e Ghali8l (gl 5o Ladily (g g Sl il
D9 WS (od g S Olhndpge (Al Bpan b (Sg o)

dily o ySlac
‘_')_>;J J_»Lo.m dl)_g ab J)_ﬂo.c L;l_aau&l_w Ao
asly 5y Sloe a8 3l yLss (A Jods) yawdx g Lol sl
(e ;3 p)SobS YEEY S0kio L) (IS G5 slaws )3 oo, o]
3y Sdos (S5he L) gdlan (il jloss 5l 528 (gboline joboas
(V) ohlen g 550,08 s L aSig (e 3 p,55LS YEAD
il callas (YY) o )Ken 5 aws mpMe g (VA) Luol 03l50 S
iwgtd Bl Caw S o yadls p sl b O dgues i
Col jd g Laasly (Se doyn (iolial (gl o &ild slaws ials
10, 30kT &l 5 Sha (YA) 395 0 0, 50k8T aily 5,Slas jinlS
g b yd b olasy by Hlia 5g ¢ Jlad b ie  Siuen
@3y S &by Hlade Lials gl 5l Sad (i (FR) o)l aig elas)]
s e nlS 5 bl 23,5 Syt sl IS 3,8 i
u.\!blf ) Le)).]o u.sl )‘ 9 .))‘.) L&’Jf L_E}Lw\slbb)f)) LSM ).>| Lme
duolie (V) 28 o Lol a3y Slos (5 al 55, Slos
Yoo Gpane b oglhe (oylol byly i )5 a8 oby L b pSike
¥Y sgame ()bl Lalyd 53 g duoyd ¥e ails 5,Shee TSP p,SolS
Voo Byume g dald o Jo c8l il8l aald 4 Caws duopd
ool (A Jgas) cailss 3939 (sybolie igls JliSa j3 TSP p,54LS
2 b o655l Wl g 0pu3d 50 jaud i 4 dagi b gl
Sl iy b 5y 53l (s () o asags S
byly s 0 a0l oy Slas oy iy &S 550y ol iolidl (g)olize
28l ol 531 anli 4 Comd 2o yd VIF 4 ¥O ol iy 45 el Cowd
o o5 YAIY Gpmo b ol S0k il 5 Slae 2l 38l (A Jois)
Cunl 0dd (135 35 (V) Lo 9 9 S pl lawgs 1S 5> O
Ui by )l il img opl 5l odel Cawnd 4 ol b &S
Iy oMl od Bpae b o, Kol 5 Slas i8] a5 conl o3l
SlaSh s 9 M polie enlp (IEH S6 Gl

JUo (ot 51 (gl (o1 K081 o (g 350311 (S (S 529 (S (eSlo duwnlio -V Jgi>
Table 7- Means comparision on measured characteristics of sunflower for the main effect of year

Jole Zsbww g > &ild (39 (HD) &b ,hid (SY) 4ily 5 ,Slos
Factor Levels (WSP) (9) (cm) (kg/ha)

Jl 2014 59.8° 16.4° 3948.7°
(Year) 2015 71.4° 19.72 471532

)l oy iy Jlais ] e )0 jbolize oy Syiie Y G S JBlis gl (b Sile gty )
Means followed by the same letter in a column are not significantly different at p < 0.05
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Table 8- Means comparision on measured characteristics of sunflower for interaction effects of irrigationxTSP x SS

&b TSP ss Qb 5n 59 dgr Pl e PPN (PEA) Se bk (SY) ail dSles
Irrigation  (kg/ha)  (tha) (1000 SW) (g) (WSP) (g) (NSP) g9 (%) (HD)(cm) (kg/ha)
0 0 46.01 55.81 1330°h 7.4% 15.10 3685.21
0 15 50.99" 57.40 1191 6.1 16.3K 3792.01
0 30 60.9% 70.9° 13679 3.7km 17.6 4682.2°
0 60 65.32 80.7% 1435%¢ 5.2M 20.20¢ 5329.0%
100 0 50.0" 53.69" 1126 6.9°f 17.4Mi 3536.00"
ogllas 100 15 50.0h 61.2¢f 1316 6.5¢9 16.9+ 4042.3¢
Optimum 100 30 54589 57.31 1289¢ 4.91 17.2Mi 3782.7%
100 60 58.7¢¢ 70.3° 1435%¢ 3.2m 19.1¢¢ 4642.6°
200 0 55.10f 77.9° 136759 8.0°d 18.2¢h 5139.4°
200 15 56.0°-f 83.2% 15372 3.4+ 20.8° 549412
200 30 55,7 80.82 15432 3.6kn 20.9° 5330.6%
200 60 64.2% 84.5% 1513 2.20 22.18 5575.82
0 0 35.3' 37.3 1136 8.4% 13.2m 2462.61
0 15 37.3 52.09" 1238 5.80 15.44 3435.0%"
0 30 49.2h 63.8¢ 1313¢h 4.5k 17.4M 4211.0%
0 60 57.1cf 80.6% 1494 3.8km 19.6%¢ 5322.0%
100 0 41.3¢ 49.2h 1310%h 12.78 16.61 3250.2h
Sgime 100 15 46.2i 55.8 1239¢ 9.3 17.591 3684.0
Limited 100 30 447Kk 70.2¢ 13924 3.7km 1859 4632.3°
100 60 54.00 80.5% 1333¢h 1.6° 19.1¢0¢ 5310.32
200 0 49.2hi 49.1h 1070 5.99h 18.5¢h 3238.1"
200 15 42 6K 68.5¢ 1411%¢ 4.49 18.799 4522.2%4
200 30 49.1h 65.6¢¢ 13874 2.6 17.9% 4327.4%¢
200 60 59.0%¢ 68.8% 12099 3.0m 18.7¢ 4540.7¢

3,16 duoyd i Jlosis ! pdaws 55 Jhlize gles Syiiio Y B S JBls gl sl 1 Sibo <5 o 40
Means followed by the same letter in a column are not significantly different at p <0.05
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Introduction: Sunflower as one of the most important oil crops in the world is affected by water deficit
stress. Water deficit stress is one of the most important limiting factors of crops growth and production in Iran
and many regions of the world. Because of the low water productivity in lIran, the water conservation and
increasing of water use efficiency through good management including integrated application of organic and
chemical fertilizers and balanced nutrition of plants are necessary. One of the negative effects of water deficit
stress is impaired uptake of nutrients such as phosphorus (P) by plants and a decrease in plant yield. It has been
found that use of P can reduce the negative effects of drought stress on plants that means the tolerance of plants
to drought stress increases with optimal nutrition of P. In Iran, due to the lack of organic matter and the high cost
of chemical fertilizers, farmers tend to use organic wastes such as sewage sludge that can have an important
contribution in the improvement of soil fertility and plant nutrition and lead to an increase in water use
efficiency. Also, integrated and suitable nutrition of plants is a method of sustainable management of soil
fertility under environmental stresses. Therefore, this study aimed to evaluate the effects of sewage sludge (SS)
and triple superphosphate (TSP) on sunflower (Helianthus annuus L. cv. Farrokh) seed yield and its components
and determining the optimal levels of their consumption under optimum and limited irrigation conditions.

Materials and Methods: This experiment was conducted as a split-plot factorial arrangement in a
randomized complete block design in Agricultural Research Station of Khoy under field conditions for two
years. Experimental factors were irrigation time at two levels (irrigation after 60 and 150 mm evaporation from
class A evaporation pan), triple superphosphate at three levels (0, 100 and 200 kg/ha), sewage sludge at four
levels (0, 14.2, 28.4 and 56.7 t/ha) and year at two levels (2014 and 2015) with three replications. The 1000 seed
weight of sunflower, weight and number of seeds per plant, the percentage of empty achenes, head diameter and
seed yield were measured at the end of plant growth period. Statistical analysis of the data was performed using
MSTATC software and means comparison was done by Duncan’s multiple range test at 5% probability level.

Results and Discussion: The combined analysis of variances showed that the effect of year was significant
for weight of seeds per plant, head diameter and seed yield but it is not significant for 1000 seed weight, number
of seeds per plant and percentage of empty achenes. Although water deficit stress significantly increased the
percentage of empty achenes but 1000 seed weight, weight and number of seeds per plant, head diameter and
seed yield significantly decreased compared to optimum irrigation conditions. The application of integrated
application of 200 kg TSP and 56.7 tons SS per ha increased yield and yield components significantly compared
to the control treatment. The interaction effects of TSPxSSxirrigation were significant for all studied
characteristics. Under optimum irrigation condition, the highest 1000 seed weight (64 g), weight of seeds per
plant (85 g), number of seeds per plant (1513), head diameter (22 cm) and seed yield (5576 kg/ha) were observed
in intergrated treatment of 200 kg TSP+56.7 tons SS/ha. Under limited irrigation condition, the highest 1000
seed weight (57 g), seeds weight per plant (81 g), seeds number per plant (1494), head diameter (19.6 cm) and
seed yield (5322 kg/ha) were obtained from 56.7 tons SS/ha treatment which showed no significant difference
with 100 kg TSP+56.7 tons SS/ha treatment. Under optimum and limited irrigation conditions, the percentage of
empty achenes were significantly decreased by integrated treatments of 200 kg TSP+56.7 tons SS/ha and 100 kg
TSP+56.7 tons SS/ha (70 and 81 percent, respectively) compared to the control.

Conclusion: The results of this study indicated that integrated application of triple superphosphate and
sewage sludge can mitigate negative effects of drought stress; therefore in order to reduce the use of chemical

1, 2 and 3- Ph.D. Student and Associate Professors, Department of Soil Science, Faculty of Agriculture, University of
Tabriz, Respectively
(*- Corresponding Author Email: solmazalilo@yahoo.com)
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fertilizers, increasing sunflower seed yield and development of sustainable agriculture, integrated treatments of
200 kg TSP+56.7 tons SS/ha under optimum irrigation and 100 kg TSP+56.7 tons SS/ha under limited irrigation
can be recommended at similar conditions (from the aspect of soil, plant, sewage sludge and climate).

Keywords: Integrated plant nutrition management, Qil seed, Sustainable agriculture, Water deficit stress
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1- Anthrosols

2- Technosols

3- Toxic

4- Anthrotoxic

5- Ecotoxic

6- Phytotoxic

7- Zootoxic

8- Supplementary qualifiers
9- Caret

10- Human-altered and human-transported material
classes
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Table 1- Types of toxic supplementary qualifiers in WRB soil classification system
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Categorization of toxic supplementary qualifiers in WRB soil classification

system
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The effect of toxic substances on the health of
‘humans who are in contact with these soils
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The effect of toxic substances on the soil ecology

Phytotoxic
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The effect of deficiency or high levels of all ions
other than Fe, Al, Na, Ca and Mg on plant
growth

Zootoxic
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The effect of toxic substances to the health of
animals, including humans, that ingest plants
grown on these soils.
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Figure 1- Location of the study area
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Table 5- Classification of the representative pedons in soil units map in ST and WRB systems

(YY) S8 ke guudib ailolw (£Y) S Juold S Al aaly oU
WRB soil classification system Soil family Name of soil map unit
CalcaricGleysols (Loamic, Zootoxic) Fine-Loamy, carbonatic, thermic TypicEpiaquepts L"b‘_‘d
enjan
. . . Fine-Loamy, mixed, Superactive, calcareous, thermic 29,0815
CalcaricGleysols (Loamic, Zootoxic R
ysols ( ) TypicEpiaquepts Zayanderuod
CalcaricCambisols (Clayic, Zootoxic) Very fine, mixed, Superactive, thermic, TypicAquicambids U159
Nekooabad
CalcaricCambisols (Loamic, Zootoxic) Fine, carbonatic, thermic, TypicAquicambids oledee!

Isfahan

Haplic Calcisols (Clayic, Hypercalcic, - : - : ; R o
’ Fine, carbonatic, thermic TypicHaplocalcids h
Zootoxic) p P Khomeiny shahr

ailhio JS o SB diged ;3 (0,59LS 3 05 (oo o 33) 0203 9 g uolis (g, lo] Claseilio T Jgoa
Table 6- Statistical characteristics of lead and cadmium (mg/kg) in soil surface samples of region

5,lt! s 1) g3 g > Sluliwl Bl Sl oo wbo oike gt
Estandard limit (% CV) (SD) (Max) (Min) (Median) (Mean) (Element)

0.8 54.95 0.61 6.3 0.18 1.08 111 wedlS
Cadmium

50 95.67 16.13 167.8 1.6 13.65 16.86 oy

Lead

(s 059 0,59k 2 055 o) lidie ¥ guamo 53 (s 548 93 (] (651315, Al § o3y s SR (S0 -V Jgu
Table 7- Mean of lead and cadmium concentration and Maximum limit of heavy metals in different crops (mg kg dry weight-

1

)
iy el j1™] pNE o 2 lasuie
Alfalfa Turnip Onion Beetroot Cabbage  Lettuce Properties

10 7 10 15 15 15 (Samples Number) digos dlaxi

3.4+21 2.88x1.95 2.7+2.3 5.4+2.4 3.4£14 4.8+2.8 o ol
(Mean lead)
predlS (:Slee

0.1+0.06 0.11+0.07 0.11+0.05 0.23+0.08 0.14+0.07 0.2+0.15 .
(Mean cadmium)

0 0 0 1.15 15 0.55 healinad
(Minimum lead)

‘5 .
0 0 0 0.1 0 0 smtas
(Minimum cadmium)

7.45 5.7 4.3 8.3 47 8 o St
(Maximum lead)

0.25 0.3 0.25 0.49 0.27 0.7 ”"’fK reSle
(Maximum lead)

(V+) ey sybly ditin

- 0.1 0.1 0.1 0.3 0.2 . 7
(Maximum limit of lead)
- 0.05 0.05 0.05 0.05 0.1 (7) eodlS 5Bl eine
(Maximum limit of cadmium)
10 0.3 0.3 0.3 0.3 0.3 Mg flome iy
(Maximum permissible of lead)
1 0.1 0.1 0.1 0.1 0.1 (V) posedls fone ey

(Maximum permissible of cadmium)
(V) eled e jl eyS  °
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Table 8- Value of lead and cadmium (mg kg wet weight1) in muscle of cow and sheep

Cadmium uesls e & lelbasule el
Lead Statistical characteristics Livestock
0.019 438 (Mean) Sl S alie
0 3.57 (Min) Jslas (V- =diges )
0.04 7.93 (Max) ysh (Muscle of cow)
0.013 0.93 (SD) jlxe Gl 5ol NO=20
0.016 4.1 (Mean) ke
0 4 Min) sl
0.035 4.67 (Max) Sl
- (Ve =aiges olaws)
0.015 0.25 (SD) Jlxo oo (Muscle of sheep)
(A) Loyl sl g oyl 5 sl No.=10
0.05 0.1

(Iran and Europe Union’s
permissible limit)
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3- Anthrosols
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Introduction: Increasing demand for an international classification system as a unique language in soil
science has caused development of different classification systems. Soil classification is a useful tool for
understanding and managing soils. In recent decades, the role of human in soil formation has become a matter of
great concern among soil scientists. Human is now considered as a soil-forming factor and anthrosolization is
recognized as a soil-forming process that consists of a collection of geomorphic and pedological processes
resulting from human activities. Industrial developments, mines and their activities and intensive agriculture led
to soil changes in urban areas. One of the important missions of soils classification is to identify important
properties which have effect on management purposes. In recent years, the importance of human impact on soil
properties considered in soil classification systems like American Soil Taxonomy (2014) and World Reference
Base (2015) and some revisions and changes have been made in this regard. In this study, the efficiency of
American Soil Taxonomy and WRB soil classification systems soils were compared to describe the pollution of
soils to heavy metals in Lenjanat region of Isfahan, Iran.

Materials and Methods: Agricultural lands located in Lenjanat region of Isfahan province were selected as
the study area. Lenjanat is an industrial region in which intensive agriculture surrounded by different industries
like steel and cement making factories and lead mining. Agricultural lands which consisted of five soil map units
(Khomeini Shahr, Nekooabad, Isfahan, Lenjan and Zayandehroud) were selected and 400 topsoil samples were
randomly collected. Six soil profiles were excavated in each map unit (totally 30 soil profiles) and after
describing soil, the classification of soils was determined in the field. Then, representative pedons were chosen
for each unit and routine soil morphological, physical and chemical properties were determined using common
methods. Finally, the soil profiles were classified according to criteria of Soil Taxonomy up to family level and
(WRB) at the second level. The amount of heavy metals was studied in some agricultural crops of the region and
livestock muscles in the region. Total Cd and Pb were extracted from the soil samples using concentrated HNOs.
Cadmium and lead of plant samples were prepared according to the procedure of Dry-ashing. Heavy metals were
extracted by 3 N HCI. The metal contents of soil and plant samples were determined by flame atomic absorption
spectrometry (FAAS). Descriptive statistics including mean, variance, maximum, minimum, and coefficient of
variation (CV) were calculated using STATISTICA 6.0 software.

Results and Discussion: According to WRB (2015) classification, the soils were classified as 3 reference
groups: Cambisols, Gleysols and Calcisols. The soils were also categorized as Aridisols and Inceptisols in Soil
Taxonomy system. In this study, the environmental standards based on Swiss Federal Office of Environmental,
Forest and Landscape were used for the threshold values of heavy metals pollution in the soils (VBBo0). The
results also indicate that the amount of cadmium in most of the soil samples was higher than the threshold limit.
The amount of lead in soils was below the threshold limit. The results also indicated that all the crops had a lead
average higher than the maximum of tolerance. The average of lead in cow and sheep livestock was also above
Iran and Europe Union’s permissible limit. Despite American soil taxonomy classification system in the last
version has a class (Anthraltic, Anthraquic, Anthrodensic, Anthropic) to show human impacts on soils at family
level, it could not show the contamination of soils to heavy metals. However, WRB soil classification system
defined qualifier “toxic” (Anthrotoxic, Ecotoxic, Phytotoxic, Zootoxic) which can be used in these conditions.
Both systems had serious shortcomings to show poor drained soils in this area. Defining the Aquids suborder for
Aridiosols in American Soil Taxonomy and revision of the definition of Gleysols, Anthrosols and also aquic
conditions in WRB soil classification system are highly recommended.

Conclusion: The results indicated that WRB soil classification system could explain the soils pollution and
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also their effects on human health for the studied soils. Definition of some quantitative sub qualifiers for toxic
can be useful to improve the efficiency of WRB for classifying polluted soils. Incorporating some criteria for
pollution hazards in American Soil Taxonomy should be considered in early future.

Keywords: Soil classification, Soil pollution, Toxic qualifiers
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Depth (%) Balk Point Capacity
(cm) Density
0-30 Clay-Silt 44.3 39.0 16.7 15 0.17 7.4 14 0.205 0.325 0.49
30-60 Clay-Silt 44.7 38.7 16.7 11 0.17 7.4 15 0.205 0.325 0.49
60-90 Clay-Silt 42.3 40.0 17.7 1.0 0.17 7.4 1.6 0.225 0.355 0.495
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Table 2- Estimated genetic coefficients using DSSAT GenCal for each maize cultivar

SRR

SK55 el po CultivarsMaize

Genetic coefficients G2 L SC SC-704_Y+ £ BC-1vA ) g0
Default (GF0301) BC-678 Simon

P1 (degree days) 250.0 275.0 286.0 286.0
P2 (days) 0.500 1.800 0.576 0.576

P5 (degree days) 730.0 910.0 950.0 950.0
G2 840.0 750.0 750.0 850.0

G3 (mg day™) 8.19 7.50 7.00 7.90
PHINT (degree days) 38.90 51.97 51.70 51.70
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Table 3- Statistical comparison between observed and simulated values for days to anthesis, days to maturity, Leaf area
index,total dryweight and grain yield of maize cultivars for CERES-Maize model calibration
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Table 4- Statistical comparison between observed and simulated values for days to anthesis, days to maturity, leaf area index,
total dry weight and grain yield of maize cultivars for CERES-Maize model validation
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Figure 1- Effect of nitrogen fertilizer application on measured (points) and simulated (lines) of maize cultivars leaf
area index
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Figure 2- The regression analysis between the simulated and the measured maize cultivars leaf area index in nitrogen
fertilizer application treatments for model validation

JS SEA (59 9 Slas

@yd plByl e (gilwdnd IS Sid 59 by 0y8d (gl 4o
2902 B ladigy (392 S8 e 4y gy 395 )18 Hlaicd o
v Lol g layg g8 a8 239, 51 8 o 51 g gy ¥
A 4 oLS b 090 clogil 3 5 <8l il co g 4y
I IS Sid 0 3 asyie baalpd ) (1 USE) sy 355 liee
balyd 50 o 35 51395 0 Lagilodnd 4 S (ol S
oyl 265 03)8 e il L acyie baylyd )0 o2 g (gilodnsd
@y S SLis 1js lSa 3 p,SeLS FAY 5 YYA OYA & jho
9 00 (S0l a5y (n i 8L Gl @y g
Cowdy jLSa 3 05yl p,59LS FAY 5,8 jlos 10 0uds (gjlwdenis
3 £S5 LS VAEEY 5 VAAY+ SC-V-¥ o8, (clp cusyy 4 oS Lol
w5y 5 )LSB )3 p )55 LS VAS Q5 VATV BC-SVA 55, (LS
(Y USS5) 290 5 )0 £, 6kS YYTY 9 VAVD Y ¢ygamm

&ilwans » CERES-Maize Jao obj)l gols a5 jskailen
Ol 03958 lajles Lulyd o )3 pB)l Sy o (a3
b S v pa3ld Gl (sw)p 290 slayless 251 Juo ol
I i oS Sgdn b (S U (S o Jsle
i3l el ggdge cnl & (V JKS) 35 (eSS 4o slaodly
SC-VF pL51 (clys 039 4 03 Jloyi slhas 5:ike > yyolia
ok Lol W08 o s i €8> ol LialS dox o 9 BC-SYA
CERES- Jice 45 3y sl byl sl yasls gl sl LIS
e pasls Ol i lp (268 s <> I Maize
OFgri 255 calisee 3l 3)LS byl )3 @ L) S
g Lt :Sloe jho polie (0) oyl g Wl 2392 )12y05 2
bulyd )3 )3 Sy g a3ls (gjluand 53 (d) BBl o
I, CERES-Maize Jio lawg 595t 365 calisee polde 5y,
Ol 50 (V) olySen 5 Ugs ainly ol +/0F o WYY ey
o2 ld gilwands 3 Swb <ds jl Maize CERES- Juo 15 S
st Sl jis polie 854l g Hloes 0 )3 Sy o
23,5 555 2o p3 ¥ IOV B VBN 511, ons Loy



JS S o

Total Dry Weight (khha™)

obd (gilwdnd JS S ojs

\FVY

@0 wdgi @ 59y 995 P (g 3lwand

25000

20000

5000 1

0

15000 A

10000

——SC-704(0kgN) SC.708
--=- SC-704(138kg N)

1 e SC-104(238kgN) /e
——-SC-704(483kg N) /

0 20 40 60 80 100 120 140

25000

20000 -

15000 -

10000 +

5000 -

25000
—BCE7B0kg  BC-H78 — SIMON(0kg) Simon
- - BC-678(138kg 200004 = SIMON(138ig)
------- BC-678(238kg =+~ SIMON(238kg)
— -BC-678(483kg 15000 1 — - SIMON(483kq)
10000 -
5000 +
T T T T T T 0 T T T T T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

O e 3l o o)
Day After Emergence

@5 pl,1 (bohs) i (g 5wl 5 (LUS) 00wl (g 5511 JS SWS (359 32 (1g i 395 3,2y 1Y UKo
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Figure 4- The regression analysis between the simulated and the measured maize cultivars total dry weight in nitrogen
fertilizer application treatments for model validation
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fertilizer application treatments for model validation
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Introduction: The DSSAT consists of a series of popular and widely used process-based crop growth
simulation models. The models have been used worldwide to simulate crop biomass and yield, and soil nitrogen
leaching under different management practices and various climatic conditions. The DSSAT has also proven to
be a useful tool for selecting improved agricultural practices. Among all management agronomic factors,
nitrogen fertilizer and crop species are major effective aspects impacting crops production. Although limited use
of nitrogen fertilizer seems likely to reduce crop yield, high application rates of nitrogen causes serious adverse
environmental effects. Thus, management of nitrogen fertilizer consumption decreases production costs and
environmental pollution in agroecosystems. Therefore, the objectives of the present study were: (1) to determine
the genetic coefficients and calibrate the CERES-Maize model (2) to evaluate the performances of the CERES-
Maize model in simulating maize cultivars growth, development and grain yield for different fertilizer nitrogen
application rates under Kermanshah climate condition.

Materials and Methods: This experiment was carried out in a split-plot design with 5 levels of nitrogen
fertilizer application (0, 138, 238, 350 and 483 kg ha™ urea) as main plots, 3 current maize cultivars SC-704,
BC-678 and Simon as sub plots, and 4 replications in 2014. The required model inputs describe field
management, daily weather condition, soil profile characteristics, and cultivar characteristics. The cultivar
coefficients were obtained under optimum conditions (i.e., minimum stress in weather and nutrients). The
genetic coefficients (P1, P2, P5, G2, G3 and PHINT) of the maize cultivars i.e. SC-704, BC-78 and Simon were
determined using the GenCal software of DSSAT v 4.6 for 350 kg Urea ha™ treatment (optimum nitrogen
fertilizer amount based on the results of soil library). Model performance was evaluated by comparing simulated
and measured values of maize cultivars phonological development stages (DVS), leaf area index, total dry
weight and grain yield for independent nitrogen fertilizer treatment (0, 138, 238 and 483 kg Urea ha™) by root
mean square error (RMSE), normalized RMSE (nRMSE) and index of agreement (d).

Results and Discussion: The coefficients of P1, P2, P5, G2, G3 and PHINT ranged between 275 to 286 °C
day, 0.576 to 1.80 days hr, 910 to 950 °C day, 940 to 990 number per plant, 7.0 to 7.9 mg day™ and 51.70 to
51.97 °C day , respectively, for all cultivars. The CERES-Maize model was able to accurately simulate growth,
development stages and yield for maize cultivars. For both simulated and measured conditions, leaf area index,
total dry weight and grain yield were improved by increasing the application of nitrogen fertilizer. Simon
cultivar had higher simulated (9925 kg.ha™) and measured (10467 kg.ha™) grain yield in respect to other
cultivars. The validation results also indicated that the CERES-Maize model gave a reliable estimate of growth,
development stages and grain yield for maize cultivars in the different fertilizer nitrogen application rates. The
value of RMSE and nRMSE for leaf area index of SC-704, BC-78 and Simon cultivars were 0.56, 0.46 and 0.36
and 25.5%, 21.8% and 16.3%, respectively. The index of agreement (d) for leaf area index ranged from 0.94 to
0.98. The RMSE and nRMSE magnitudes for total dry weight of SC-704, BC-78 and Simon cultivars were
440.1, 569.6 and 419.7 and 6.2%, 8.2% and 5.8%, respectively. The index of agreement (d) for total dry weight
ranged from 0.94 to 0.95. The RMSE and nRMSE values for SC-704, BC-78 and Simon grain yield were equal
to 163.7, 345.2 and 314.4 and 4.3%, 11.4% and 8.1%, respectively. The index of agreement (d) for grain yield
ranged from 0.93 to 0.98.

Conclusion: The results indicated that the CERES-Maize was parameterized reliably for three maize
cultivars under Kermanshah climate conditions. The results of validation also showed that the CERES-Maize
model was able to give an accurate simulation of all studied traits of maize cultivars except leaf area index in
different fertilizer nitrogen application rates.

Keywords: Development stages, Grain yield, Model calibration, Model validation, Total dry weight
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Table 2- Analysis of variance the effect of plastic mulch on the characteristics of pumpkin fruit under different moisture

levels
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Figure 1-The effect of plastic mulch on number of fruits per plant in pumpkin seeds under different moisture levels. Means

followed with different letters have a significant different at 5% probability levels (LSD test). FW and M represent full
irrigation and mulch, respectively
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Figure 2- The effect of plastic mulch on average fruit weight in pumpkin seeds under different moisture levels. Means

followed with different letters have a significant different at 5% probability levels (LSD test). FW and M represent full
irrigation and mulch, respectively
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Figure 3- The effect of plastic mulch on fruit yield in pumpkin seeds under different moisture levels. Means followed with

different letters have a significant different at 5% probability levels (LSD test). FW and M represent full irrigation and
mulch, respectively
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Figure 4- The effect of plastic mulch on Number of grain per fruit in pumpkin seeds under different moisture levels.

Means followed with different letters have a significant different at 5% probability levels (LSD test). FW and M represent
full irrigation and mulch, respectively
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Figure 5- The effect of plastic mulch on r fruit diameter in pumpkin seeds under different moisture levels. Means followed

with different letters have a significant different at 5% probability levels (LSD test). FW and M represent full irrigation and
mulch, respectively
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Table 3- Analysis of variance the effect of plastic mulch on 1000-grain weight, grain yield, water use efficiency, oil content
and oil yield of pumpkin fruit under different moisture levels
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Figure 6- The effect of plastic mulch on 1000- grain weight in pumpkin seeds under different moisture levels. Means followed

with different letters have a significant different at 5% probability levels (LSD test). FW and M represent full irrigation and
mulch, respectively
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Figure 7- The effect of plastic mulch on grain yield in pumpkin seeds under different moisture levels. Means followed with

different letters have a significant different at 5% probability levels (LSD test). FW and M represent full irrigation and
mulch, respectively
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Figure 8- The effect of plastic mulch on water use efficiency in pumpkin seeds under different moisture levels. Means

followed with different letters have a significant different at 5% probability levels (LSD test). FW and M represent full
irrigation and mulch, respectively
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Figure 9- The effect of plastic mulch on oil content in pumpkin seeds under different moisture levels. Means followed with

different letters have a significant different at 5% probability levels (LSD test). FW and M represent full irrigation and
mulch, respectively

600 1 a

ab

500
400 -

300

g5 3 Nes
Oil yield (kg/ha)

100

M+0.75 FW M+0.5FW rw

bl 3 Orgliie By > (1,15 b pilio - aab ) ilies oo o AL w55 (5995 13 (rEgy 3,Shas i Sty glo STV JSC
Wil ge glo g JolS (55l HS5ly cud 5 4 M g FW il (5,15 iz (5 slol BViST w43 0 Jlaia! gedaws 13 LSD (g5
Figure 10- The effect of plastic mulch on oil yield in pumpkin seeds under different moisture levels. Means followed with

different letters have a significant different at 5% probability levels (LSD test). FW and M represent full irrigation and
mulch, respectively
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Introduction: Water resources are very limited for agricultural production. Therefore, optimal use of
available water resources and increased water use efficiency in agriculture are necessary. Application of poly
ethylene mulch is one of the approaches that can be effective in increasing water use efficiency. The water
deficient trend is increasing in agricultural lands of the Iran and, on the other hand, the yield components of hull-
less seed pumpkin are sensitive to drought stress. Therefore, the aim of this study was to determine the effect of
transparent polyethylene mulch on the performance and water use efficiency of hull-less seed pumpkin under
different irrigation rates.

Materials and Methods: This experiment was carried out in the central part of Isfahan, Northern Baraan
(32° and 32'N, 51° and 52’ E, and 1534 m above sea level) in a randomized complete block design with three
replications, during 2016. Treatments consisted of full irrigation+ poly ethylene mulch (M+FW), 0.75% full
irrigation+ poly ethylene mulch (M+0.75FW), 0.50% full irrigation+ poly ethylene mulch (M+0.5 FW), and full
irrigation without mulch (FW). In April, the cultivation operations include mechanical planting, mulch were
done. The spacing of the rows was 150 cm and the spacing between plants was 70 cm. The irrigation was applied
until the plant was fully established and then drought stress was begun based on above irrigation treatments. The
studied traits were number of fruits per plant, average fruit weight (kq), fruit yield (ton ha™), number of seeds per
fruit, fruit diameter (cm), 1000 grains weight (g), grain yield (kg ha™), water use efficiency (kg m™), oil content
(%) and oil yield (kg ha™). Statistical analysis was performed using SAS software and comparisons of the means
were made using the least significant difference (LSD) test at the 5% probability level.

Results and Discussion: The highest number of fruits per plant belonged to M+FW treatment (with an
average of 3.22) and the lowest was recorded in M+0.5FW treatment (with an average of 2.44). This difference
between treatment FW and M+0.75FW can be due to the high moisture under the poly ethylene mulch. The
highest fruit weight (3.60 kg) was obtained in M+FW treatments, which had a significant difference with other
treatments. The difference weight of fruit in M + FW treatment was 14% compared to FW irrigation treatments.
The highest fruit yield (95.72 ton ha™) belonged to M+FW treatment and the lowest one (79.78) belonged to
M+0.5FW treatment. The difference in fruit yield in M+0.75FW compared to FW treatment was 6%, but it was
not significant. The number of seeds per fruit in M+0.75FW compared to FW and M+0.5FW treatments showed
a difference of 13% and 17%, respectively which they were significant only with M+0.5FW treatment. With
increasing drought stress, the amount of photosynthetic assimilate decreased, which reduced the number of seeds
per fruit. The highest 1000 grains weight (173.13 g) belonged to M+FW treatment and the lowest one belonged
to M+0.5FW (156.18 g). 1000 seeds weight in FW treatment was not significant compared to M+0.75FW
treatment. Drought stress during plant development decreased the leaf area index in the plant. Application of
plastic mulch reduces the effect of drought stress on leaf growth and its photosynthesis by decreasing water loss
by evapotranspiration and transpiration. The difference grain yield between two treatments M+0.75FW with FW
was 7% and this difference was not significant. Only significant difference was observed among M+0.5FW
treatment with other treatments. The effect of different levels of moisture on water use efficiency was significant
at 1% probability level. The highest water use efficiency was recorded in M+0.5FW treatment and the lowest
was recorded in FW treatment. The difference in water use efficiency between M+0.75FW with full irrigation
(FW) was 0.99 kg m™, which was significant. Difference in water use efficiency between M+FW and FW was
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not significant for water use efficiency. The use of plastic mulch reduced water loss throughout the plant growth
period and significantly increased water use efficiency. There was a significant difference among M+FW,
M+0.75FW and FW for oil content. The highest and lowest oil contents belonged to M+FW and M+0.5FW,
respectively. The maximum oil yield (558 kg ha™) belonged to M+FW and the lowest one (412 kg ha™) was
obtained in M+0.5FW.

Conclusion: Transparent plastic mulch under water stress conditions can reduce the effect of drought stress
on hull-less seed pumpkin by preserving water and other beneficial effects, including weeds reduction.
Therefore, the use of this type of mulch is recommended for the cultivation of hull-less seed pumpkin in the

central areas of the country facing the water crisis.
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Table 1- Some characteristics of the clay and alfalfa residues used in this study

o329 Thaw
Specific surface pH EC (uS em™)
area
(SSA) (m? g?)
Wil oS £95 Na-Clay Wil oS g9 sl 55lS g5
EWl Ol E9 EWWl Hw b £ EWl How b E9
P X" [XW
) 1SS Saturated Saturated Saturated
Clay minerals cation cation cation
ol b o ]
Na Ca jsls 5‘“’*’ )li ‘_,Jle
o' Charge density b Na Ca Al Na Ca Al
CEC
EGME ? mmolc kg mmolc m?
MMJ?K 41 18 85 2.07 x 103 70 7.7 56 23 34 133
Kaolinite
bl
IIIEt.é 195 150 202 1.03 x 103 6.1 70 52 23 36 26
Cighigecize 799 680 820 1.02 x 10°3 55 66 50 24 46 32
Montmorillonite
k;l U")g Js OI9r C/N
axig gble ocC Total nitrogen
Alfalfa residues % % -
48.21 3.7 13

Specific surface area as determined by ethylene glycol monoethyl ether

Charge density=CEC/ Specific surface area (7)
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1- Freeze dryer
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Table 2- The analysis of variance of data showing the effects of clay types, clay contents and exchangeable cations on
percentage of NH4*-N and NO3z™-N

Mean Squares Ol po (Sl

(NHa*-N) sogmigol (59 55

(NOS-N) 1535 5595

Ol S 2l @33l 4y % %
Sources of variations df g . g .
(590) oilled ploj e (590) oallss Gloj o
Incubation time (day) Incubation time (day)
15day 30day 45day 60day 15day 30day 45day 60 day
Clay types 2 0.08™ 0.21™ 0.42™ 0.62™ 0.23™ 1.03™ 2.32" 3.77"
Clay contents 2 0.42™ 1.65™ 4.33™ 6.83"™ 14.15™ 22.78™ 32.52"" 4491
Exchangeable cations 2 0.03™ 0.12" 0.29™ 0.49™ 0.12" 0.32™ 068" 1.13"
Clay types x Clay contents 4 0.02 0.06™ 0.13™ 0.18™ 0.06™ 0.31™ 069" 1.13"
Clay types x Exchangeable cations 4 0.002" 0.005" 0.018™ 0.027"" 0.007* 0.004™ 0.008™ 0.018™
Clay contents x Exchangeable cations 4 0.009" 0.036™ 0.082™ 0.133"™ 0.37"" 0.081" 0.170™ 0.284™
Clay typesxc'ayggt?éigtsx Exchangeable 8  0.001™ 0.003" 0.010™ 0.018™ 0.012" 0.021" 0.024" 0.046™
Error 54 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.003
Coefficient of variation (%) - 774 451 373 332 327 196 149 142

Conss I gime MBI NS g 4> simo O 9 Vi prlaww > ol )5 &y % g
**and * significant at 1% and 5% and ns, not significant respectively

@85 5) o 0 (g )l (M sla JoSlgo b hn gy
sl g @i ls )hdp b (Gl ol § s

e dadiges (a5blss loj e Rl L Y S 4y g5 |

9550 4l 3 (Hosls bdes 4y i 58 sl
‘ (F+) S9d e

e ) 95 8L Wodls uib)ly 450 @l 4 429 b

A b gime dopd S Jlaisl o )3 (29,50 0355w (1958

093 % (95 0395 S ) (159t slde (it (Y Jgi2)

5 it SLS py8 0+ 3y 8 o VIAY lie s ctdls

Csighygetitse () ) (29)Sw0 0395 ) (3950 HMe (p yieS

Owlles ) gy e cublS Sl an 8l (Al osd Saxe )79k
L (N 05955 5l doyd ¥I8F  O/FY /5D i 4 ladiges
LD (Sdme Cuighygelise g Cubl utdgls slaw) ) 49
ORlIL 3,5 (1S (V) ol)Sen 5 S pls= S8 (7 JS)
50 Sl s S (N ols da sy 98l ol b o
L g oimg g Jdd 40 ViV lapy b R0l sl
g i ) pnda (Hosle jlide Vi) oy I jiey (o
oy b e pials T osle 350 doeis (0 g 03,5 (6 laSS



WWAS Wil — oot F oyleds FY b (S g 0T s V24P

e (V8) caal S 13b o 1 9,50 Came 95 5 cllad
s S b e b oS (29,See 035 Cmj 39
Ylhain! a5 5yl cillas sl jgocige ) (g5l S
5 Csighygeciise oy sl GlaSLE gllask ayges o b
UialS 4y omie o w5l o S oyl 5 o] Ll ials
odb (gdne (g5 e il 4 3 g (T dlge o ey

(YY) 208 0 S ol 3o

13,5 sy Sofl S S p )5 Be 13 p,S Lo SIVY lime 4
0395 Cumn ) (1395 e (py 3 (FA) oo 9 SS9 (¥ JSK3)
Cshl g Caighygecipe ) ol (Somas GBS 13 (095
Ermas (SB 3 55,8ie 0355 Cumw  Hlade 45 15,5 odalie
SLeSLe I 1S () xe jabds Sl jgecise (o (ol
b Jlosle (1395 A (e g ] ) 59l o ghums
@ sl a8 sy o a5 &y 92,5 o0 Djgo S 29,500 ol

(29550 8395 Camt 5 (339 75 ylo 9 b (Sire (35950 )3 52 (IS (58S E95 9 Ly ylae g £95 I uily,ly 40 LI Y Jgue
Table 3- The analysis of variance of data showing the effects of clay types, clay contents and exchangeable cations on
percentage of mineralized nitrogen and microbial biomass nitrogen

Mean Squares Ole po il

B (Jaxe (459 yid

P p Mineralized nitrogen ‘%'39’;“:" 2399 S 039
Ol gt 2slio L o Microbial biomass nitrogen
_ %
Sources of variations df
(395) crillgs loj o _
Incubation time (day) mg N/50 g dry soil
15day 30day 45day 60 day
Clay types 2 0.58™ 220" 4.81™ 7.63" 19.49™
Clay contents 2 19.20" 36.86" 61.92" 86.69™ 173.48™
Exchangeable cations 2 027" 0.83™ 1.85" 3.16™ 248.93"
Clay types x Clay contents 4 0.16™ 058" 1.277 2.02" 6.37"
Clay types x Exchangeable cations 4 0.006™ 0.009"" 0.015™ 0.04™ 9.20™
Clay contents x Exchangeable cations 4 0.073" 0.21" 0472 081" 65.22™"
Clay types x Clayé:fg)triléer:‘r;ts x Exchangeable 8 0007° 0.016" 0.024" 0.054" 313"
Error 54 0.003 0.003 0.003 0.004 0.63
Coefficient of variation (%) - 331 191 1.36 1.29 11.17

Cms I sime MBI NS g Jl> o O 9 Vi prdaws )3 o3y 4y % g s

**and * significant at 1% and 5% and ns, not significant respectively
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Figure 2- The effects of clay type on percentage of NO3z-N during the incubation time
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Figure 3- The effects of clay type on percentage of mineralized nitrogen during the incubation time
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Figure 4- The effects of clay type on microbial biomass nitrogen
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Figure 5- The effects of clay content on percentage of NH4*-N during the incubation time

6
DV ER
5 O ey ey 2
. ? 4 |2 T
> ©
i Z
1 5
5 gﬁg
3= a
3
2 2
o
[=H
1

15 3

(73)) oasllss olej e

45 60

Incubation time (day)

Oslles loj Jgb 53 (15 (g Mo yd 1 v sl il - USS
Figure 5- The effects of clay content on percentage of NO3z-N during the incubation time
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Figure 7- The effects of clay content on percentage of mineralized nitrogen during the incubation time
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Figure 9- The effects of exchangeable cation on percentage of NH4*-N during the incubation time
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Figure 10- The effects of exchangeable cation on percentage of NOs™-N during the incubation time
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Figure 11- The effects of exchangeable cation on percentage of mineralized nitrogen during the incubation time
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Figure 12- The effects of exchangeable cation on microbial biomass nitrogen
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Table 4- The effects of clay type and clay content on percentage of NH4*-N and NOz—N

o) e X, £
Clay type x Clay content

(NH4"™N) sogs901 (359

(NOv-N) 512 a5

%

%

(595) owillgd ploj e
Incubation time (day)

(595) ol oloj e
Incubation time (day)

15 day 30 day 45 day 60 day 15 day 30 day 45 day 60 day

0 0.59 a 1.14a 165a 2.05a 2.07a 314 a 416 a 515a

Kaolinite 5 0.55b 0.97b 1.32b 1.60 b 1.05b 1.96 b 2.86b 3.64b

10 0.38d 0.72d 0.96d 1.19d 0.86 d 1.66 ¢ 2.44d 3.17d

0 0.59a 114 a 1.65a 205a 2.07a 314a 416a 5.15a

Ilite 5 0.45c 0.88¢ 117¢ 143¢ 093¢ 175¢ 2.58¢ 3.33¢c

10 0.39d 0.68 de 0.92d 1l14e 0.79e¢ 156 ¢ 2.30e 3.00e

0 0.59 a 1.14a 165a 2.05a 2.07a 314a 416 a 515a

Montmorillonite 5 0.35d 0.65e 0.85e 1.05f 0.77e¢ 1.49f 2.16 f 279 f
10 0.26 e 0.53f 0.71f 0.86 g 0.58 f 0.99¢g 1459 1.89¢g

35,15 30 )3 5 Jlassl pdaw j3 (65l dme U] Sl (glaialy kx> y905] Hai 5| liie Ggy> (il (ola ke giw yo )
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 5- The effects of clay type and clay content on percentage of mineralized nitrogen and microbial biomass nitrogen

2 (0 (159 50
Mineralized nitrogen

(29550 8395 Cunny 5 (359

Q¥ yIBe X gy Eo %

Microbial biomass nitrogen

Clay type x Clay content

(595) oslled Gloj e
Incubation time (day)

mg N/50 g dry soil

15 day 30 day 45 day 60 day
267a 4.29a 5.85a 7.28a 43le
Kaolinite 5 160b 2.94b 4.20b 528b 9.12b
10 1.24d 2.39d 3.43d 4.39d 10.35a
2.67a 4.29a 5.85a 7.28a 431e
Ilite 5 1.38¢c 2.64c 3.77¢ 4.80c 7.33cd
10 1.18¢ 2.25¢e 3.24¢e 4.17e 9.79 ab
2.67a 4.29a 5.85a 7.28a 431e
Montmorillonite 5 1.13e 2.15f 3.03f 3.86f 6.73d
10 0.84f 153¢g 2179 277¢g 7.65¢

L)l 00,0 B Jlain] o )3 ()l ixe BM] Sl glately Wi 9051 o 5l alie gy (il (slauSile gt oy
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 6- The effects of clay type and exchangeable cation on percentage of NH4*-N and NOs-N

(NH4™-N) oguigal (5955 (NOs-N) 13 o393
W adlS sa . % %
‘JJD. 09'3" 89‘”0"")&9’ (, )‘.\Jb"&'lﬁ“'—’-\ﬂ (' )¢Mb" ~L°‘Q.\°
Clay type x Exchangeable cation 990) ORI 0% 29:) ORI 0%)
Incubation time (day) Incubation time (day)
30 day 45 day 60 day 15 day 30 day 45 day 60 day
Na 0.94b 1.28¢c 157¢c 1.34b 2.29b 3.19b 1.02b
Kaolinite Ca 1.03a 147a 18la 1l41a 2.36 a 3.29a 418 a
Al 0.86 cd 1.19de 1.46 de 1.23d 211e 2.98d 3.76d
Na 0.88¢c 1.22d 1.51d 1.27c 2.18d 3.06 ¢ 3.88¢c
Ilite Ca 0.95b 1.33b 1.65b 1.33b 2.24¢c 317D 4.04b
Al 0.86 cd 1.19 de 1.46 de 1.19e 2.02f 2.80e 3.56 e
Na 0.79e 1.09 f 1.36 f 1.16¢e 1.90 h 2.62¢g 331g
Montmorillonite Ca 0.83d 1.16¢e 143e 117e 1.95¢ 270 f 3.41f
Al 0.70 f 095¢g 1179 1.09 f 1.78i 2.45h 3.10h
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 7- The effects of clay type and exchangeable cation on percentage of mineralized nitrogen and microbial biomass
nitrogen

B (Jare (459 yid

e e (2950 8395 St § (359 p
Mineralized nitrogen

Microbial biomass nitrogen

PP 98 g9 X, £ %
Clay type x Exchangeable cation (392) ywililed ylo; e
Incubation time (day) mg N/50 g dry soil
30 day 45 day 60 day

Na 3.24b 450 b 5.63¢ 6.27d
Kaolinite Ca 340a 4.79a 6.06 a 1257 a
Al 2.98d 4.19d 5.63 ¢ 4.95 ef
Na 3.08¢ 43lc 5.44 d 5.73 de
llite Ca 3.21b 453b 5.75b 10.55b
Al 2.89e 4.02¢ 5.07 f 5.14 ef
Na 2699 3.749g 471h 5.42 ef
Montmorillonite Ca 2.79f 3.88f 4899 8.58 ¢
Al 249 h 3.43h 4311 4.68f
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 8- The effects of exchangeable cation and clay content on percentage of NH4*-N and NO3z™-N

(NH4™-N) possigol 5925

(NOs™-N) 515 jgr

ooy MEe X (Iol5 951 £ % %
Exchangezble cation xClay (55) sy plaj (55) sy plaj o
content Incubation time (day) Incubation time (day)
15 day 30 day 45 day 60 day 15 day 30 day 45 day 60 day
0.59a 114a 1.65a 2.05a 2.07a 3.14a 4.16 a 5.15a
Na 5 0.46 ¢ 0.84c 1.10c 1.33¢c 0.92¢c 1.77c 2.59 ¢ 3.32¢
10 0.33e 0.63¢e 0.84f 105f 0.79d l46e 212¢e 2.74
0.59a 114 a 1.65a 2.05a 2.07 a 3.14 a 416 a 5.15a
Ca 5 0.50b 0.95b 131b 161b 1.03b 187b 2.73b 3.53b
10 0.41d 0.73d 1.00d 1.24d 0.79d 1.54d 2.27d 2.96 d
0.59 a 1.14a 1.65a 2.05a 2.07a 3.14a 4.16a 5.15a
Al 5 0.39d 0.63¢e 0.84f 1.05f 0.80d 1.56 d 2.27d 2.90e
10 0.30e 0.57f 0.75¢g 0.90¢g 0.64¢e 1.22f 181f 23749

3515 303 5 Jlassl pdaw )3 (6500 dme MBSl (glatelsy kx> y905] Hai 5| liie gy (il (olo ke giw yo )
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 9- The effects of exchangeable cation and clay content on percentage of mineralized nitrogen and microbial biomass
nitrogen

D (Faxe (459 yin

e 29550 83955 Comnt § (359 p
Mineralized nitrogen

vy ylado X Jold 98518 g4 % Microbial biomass nitrogen
Exchangee::télr(‘etgﬁilon x Clay (395) oroblsd oloj e |
Incubation time (day) mg N/50 g dry soil
15day 30 day 45 day 60 day
2.67a 4.29a 5.85a 7.28a 431e
Na 5 1.38¢ 2.63¢ 3.72¢ 469c 6.08d
10 1.12e 2.09e 297 f 3.82f 7.03¢
2.67a 4.29a 5.85a 7.28a 431e
Ca 5 1.53b 2.83b 4.06b 5.18b 12.27 Db
10 1.20d 2.28d 3.29d 4.23d 15.13 a
2.67a 429a 5.85a 7.28a 43le
Al 5 1.19d 2.27d 3.22e 4.07 e 484¢e
10 0.94 f 1.80f 257¢g 3.29¢ 5.62d
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Introduction: Mobilization and stabilization of organic matter in soils represent a set of complex processes
involving the processing and decomposition of organic matter by diverse communities of soil fauna and
microorganisms, as well as chemical-physical interactions with mineral particles of soil. Clay minerals have high
effects on the soil organic matter dynamics. Clay minerals with the physical protection of organic matter play an
important role in reducing the rate of decomposition of organic matter. The effects of soil texture on the soil
organic matter dynamics have been investigated in many studies, but the effects of exchangeable cations and
clay types on mineralization of organic nitrogen and microbial biomass nitrogen have not been given much
attention. For this reason, the aim of this study was to evaluate the effects of types and clay contents and
exchangeable cations on the mineralization of organic nitrogen and microbial biomass nitrogen.

Material and Methods: Appropriate amounts of homoionic Na-, Ca- and Al- clays from Georgia kaolinite,
Ilinois illite and Wyoming montmorillonite were mixed with pure sand to prepare artificial soils with different
clay contents, exchangeable cations, and clay types. The artificial soils have zero, 5 and 10% clay from Georgia
kaolinite, Illinois illite and Wyoming montmorillonite that their clay minerals saturated with Ca, Na and Al.
Alfalfa plant residues were incorporated into the artificial soils and the soils were inoculated with microbes from
a natural soil and incubated for 60 days and concentration of NHs-N and NOs-N were measured every 15 days.
In the artificial soil samples, microbial biomass nitrogen was measured by the fumigation-extraction method in
the end time of incubation period.

Results and Discussion: The results of this study showed that the percentage of mineralized nitrogen in the
two-month incubation period, was higher in the pure sand than in soils containing 5% and 10% clay, indicating
that clay contents influence the capacity of soils to protect and store organic nitrogen. Microbial biomass
nitrogen increased as the amount of clay in the soil increased. The highest and lowest amounts of microbial
biomass nitrogen measured in soils with 10% clay (9.26 mg per 50 g dry soil) and pure sand (4.31 mg per 50 g
dry soil), respectively. There was a significant influence of exchangeable cations on the percentage of
mineralized nitrogen and microbial biomass nitrogen. The microbial biomass nitrogen and the percentage of
mineralized nitrogen were highest in Ca-soils and lowest in Al-soils. The percentage of mineralized organic
nitrogen in two months of incubation period was highest in soils with Georgia kaolinite clay and lowest in soil
with Wyoming montmorillonite clay. The amounts of microbial biomass nitrogen in soils with Wyoming
montmorillonite clay were lower than soils with Georgia kaolinite and lIllinois illite clays. The percentage of
mineralized organic nitrogen increased as the incubation period increased. The results of this study indicated that
organic nitrogen mineralization rates and microbial biomass nitrogen were affected by types and clay contents
and exchangeable cations and interaction of organic matter with clays and is an important process as it slows soil
organic matter decomposition.

Conclusions: Mixing the alfalfa residues with artificial soils and incubation samples allowed to study the
effects of types and clay contents and exchangeable cations on the percentage of NH4*-N, NOs™-N, mineralized
nitrogen, and microbial biomass nitrogen. Soils with different clay contents have different surface areas and
cation exchange capacities; therefore, it is concluded that organic nitrogen storage of soils is, partly, controlled
by the surface areas, cation exchange capacity and physical protection provided by the soils. Nitrogen
mineralization and the amounts of microbial biomass nitrogen were different in soils with different exchangeable
cations. It is concluded that exchangeable cations exert their influence on microbial biomass and hence nitrogen
dynamics by controlling the size and activity of the microbial population through modifying the physicochemical
characteristics of microbial habitats. Since various clay minerals have different specific surface areas and cation
exchange capacity and the physicochemical changes induced in the soil environment as a result of variations of
exchangeable cations is much greater in soils with higher cation exchange capacity and specific surface area. It
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seems the effects of clay mineralogy on the dynamics of organic materials and microbial biomass, in part, arise
from the type of exchangeable cations present on the exchange sites of the clay minerals.

Keywords: Ammonium, Biomass, Cation Exchange Capacity, Nitrate, Specific surface
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Figure 1- 16S rDNA-RFLP. The amplified 16S rDNA PCR fragment (1500bp) was digested by Hpall restriction enzyme. F10,

F18, F19, F22 and F34: Chryseobacterium ginsenosidimutans. F4: Sphingomonas koreensis. F21: Chryseobacterium taiwanense.

F1, F6: Pedobacter duraquae. F9: Novosphingobium aromaticivorans. F50 and F56: Chryseobacterium piperi. F3, F8, F9, F17,
FA41, F45, F46, F47 and F52: Chryseobacterium lathyri. M: DNA ladder 100bp
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Figure 2- 16S rDNA-RFLP. The amplified 16S rDNA PCR fragment (1500bp) was digested by Rsal restriction enzyme. F10,

F18, F19, F22 and F34: Chryseobacterium ginsenosidimutans. F4: Sphingomonas koreensis. F21: Chryseobacterium taiwanense.

F1, F6: Pedobacter duraquae. F9: Novosphingobium aromaticivorans. F50 and F56: Chryseobacterium piperi. F3, F8, F9, F17,
FAl, F45, F46, F47 and F52: Chryseobacterium lathyri. M: DNA ladder 100bp

Figure 3- Siderophore productions by F46
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Table 1- Identification of bacteria from the wheat rhizosphere

s e . STy - . 083 0,lowi .
S5 Whole il ew,) 5 g S el GenBank el
Bacterial colony Edge Elevation ° Color Bacterial name accession Similariy
. Gram No
isolates .
- Pedobacter duraquae
F1 Circular Entire Flat - Cream d KU924006 799
Yellow
F3 Circular Entire Flat - Yellow Chryseobacterium lathyri KU923998 799
. . Sphingomonas koreensis .
F4 Circular Entire Flat - Yellow KU924008 799
. . Cream- Pedobacter duraquae
F6 Circular Entire Flat - Yellow
. . Chryseobacterium lathyri
F8 Circular Entire Flat - Yellow
- Novosphingobium aromaticivorans
F9 Circular Entire Convex - Orange piing KU924009 799
Yellow
. . Chryseobacterium ginsenosidimutans .
F10 Circular Entire Convex - Orange KU924004 799
. . Chryseobacterium lathyri
F17 Circular Entire Flat - Yellow
Chnieanhantarviiim lathuei
. . Chryseobacterium ginsenosidimutans
F18 Circular Entire Convex - Orange
. . Chryseobacterium ginsenosidimutans
F19 Circular Entire Convex - Orange
. . Chryseobacterium taiwanense .
F21 Circular Entire Convex - Orange KU924003 799
. . Chryseobacterium ginsenosidimutans
F22 Circular Entire Convex - Orange
. . Chryseobacterium ginsenosidimutans
F34 Circular Entire Convex - Orange
F41 Circular Entire Flat - Yellow Chryseobacterium lathyri
F45 Circular Entire Flat - Yellow Chryseobacterium lathyri
F46 Circular Entire Flat - Yellow Chryseobacterium lathyri
F47 Circular Entire Flat - Yellow Chryseobacterium lathyri
F50 Circular Entire Flat - Orange Chryseobacterium piperi KU924005 799
F52 Circular Entire Flat - Yellow Chryseobacterium lathyri
F56 Circular Entire Flat - Orange Chryseobacterium piperi
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Introduction: Wheat is one of the most important food crops. In modern agriculture, due to the increase in
human population and the detrimental effects of pesticides such as environmental pollution, concerns about
human and animal health, adapting suitable alternatives which have none of these dangerous effects would be
necessary. This is possible by increasing the production of bio-fertilizers. Plant growth-promoting rhizobacteria
(PGPR) are the beneficial rhizosphere bacteria that can enhance plant growth directly or indirectly through a
wide variety of mechanisms. PGPR can stimulate plant growth directly by supplying nutrients such as
phosphorous and nitrogen or by the production of phytohormones such as auxins, cytokinins (CK), gibberellins
(GAs) or ACC deaminase synthesis. They can also promote plant development indirectly by the suppression of
pathogens by different mechanisms such as biosynthesis of antimicrobial molecules or antibiosis induced
systemic resistance (ISR), rhizosphere competition, cell wall degrading enzymes like chitinase and HCN
production. In this study, amplified ribosomal DNA restriction analysis was performed for screening the
bacterial isolates. Then phosphate solubilization, siderophore and auxin release activities and effect of bacterial
isolates on wheat seed germination traits were studied.

Materials and Methods: In order to isolate wheat rhizosphere bacteria, soil samples were taken from the

wheat rhizosphere of Tehran, Qazvin, Zanjan, West and East Azerbaijan, Kurdistan and Hamadan provinces.
Genomic DNA of each isolate was extracted by using a modified cetyl trimethylammonium bromide (CTAB)
method. Amplified ribosomal DNA restriction analysis with Hpall and Rsal restriction enzymes was done for
genetic screening. Growth stimulating factors were evaluated by auxin production, siderophore production, and
inorganic phosphate solubilizing activity. Siderophore production was determined by measuring the diameters of
the colony (mm) and of any orange halo (mm) formed from the blue medium surrounding bacterial growth on
CAS Blue Agar medium. To examine P; solubilization capability, 21 bacteria suspension was placed on the
plates containing Sperber’s medium. Cultures were incubated at 25 £ 2 °, when the diameters of the colony and
of the halo zone surrounding it were measured and the mean + SE of the ratios of halo (mm)/colony (mm)
calculated. In order to evaluate the production of auxin, isolates were grown in 100ml flasks containing 25ml
TSB medium for 48h on a rotary shaker. 1 ml supernatant was mixed with 2ml of Salkowsky reagent after
centrifugation at 10000g for 15min. The absorbance of the complex was read at 535nm in a Spectrophotometer.
To investigate the effect of bacterial isolates on germination traits, radicle and plumule fresh and dry weight,
radicle and plumule length, germination percentage, germination rate, and germination average rate were
measured. The data were analyzed with using SAS 9.1. Mean comparisons were performed by LSD and main
effective interaction was found significant at P < 0.05.

Results and Discussion: 20 isolates of wheat rhizosphere bacteria were subjected to amplified ribosomal DNA
restriction analysis. The 16S rDNA region was amplified by polymerase chain reaction and PCR products were
digested by Hpall and Rsal restriction enzymes. From each pattern, one sample was sent to sequencing. Different
species including; Chryseobacterium ginsenosidimutans, C. lathyri, C. piperi, C. taiwanense, Novosphingobium
aromaticivorans, Pedobacter duraquae, and Sphingomonas koreensis were identified from the wheat rhizosphere.
Bacteria were tested for their plant growth promoting qualities. All of the strains produced auxin from 1.90 to 25.93.
Mean comparison of the data showed that the highest level of auxin was produced with F1 and the lowest amount
was observed by F18. Phosphate solubilization measured as a halo zone on Sperber’s medium was observed with F6
and F56 isolates. The ratio of the diameter of the halo zone to the colony diameter was 2.86 with F6. The highest
level of siderophore production by wheat rhizosphere bacteria, observed as halo formation around colonies on CAS
Blue Agar medium, was obtained with F46, followed by F45 and F3. The ratio of the diameter of the orange halo
surrounding bacterial growth to the colony diameter was 2.86 with F46. The result showed that the effect of wheat
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rhizosphere bacteria on germination traits such as radicle fresh and dry weight, plumule fresh weight, radicle and
plumule length, germination percentage, germination rate, and germination average rate was significant at the one
percent level and the effect of wheat rhizosphere bacteria on plumule fresh weight was significant at the five percent
level.

Conclusion: Plant growth promoting bacteria enhance the growth and development of plants with different
ways. These bacteria affect the growth and development of crops by phosphate solubilization, production of
hydrogen cyanide, siderophore, and hormones such as auxin, gibberellic acid and cytokinins. According to the
result, due to growth promoting characteristics such as siderophore and auxin production, phosphate
solubilization, and the improvement of the seed germination traits, it can be possible to prepare bacterial
inoculant for the field experiment in order to increase the availability of nutrients and improve the growth of
plants.

Keywords: Auxin, PGPR, Siderophore, Wheat
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Figure 1- Location of the study area indicating geomorphic surfaces and representative pedons, Plat: Plateue, Plai: Plain,
R.P: Rock Pediment, M.P: Mantled Pediment, P.P: Piedmont plain
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Table 1- Selected physical and chemical properties of pedons

S Cmge 90 g S e pH EC O gag o el
Horizon Depth % % Clay % cwsy> Texture dSlm (mmol L)% Calcium Gypsum
Sand Silt Gravel carbonate
57°29'38"E 29" 3856 N -(Rock pediment) i caesy —(PedON 1)\ &S5
A 0-10 50 21 29 14 ScL 48 08 0.8 5.15 ng
Bw 10-50 82 7 11 52 SL 9.7 05 0.3 511 ng
C 50-145 78 9 13 57 SL 7.7 04 0.5 5.11 ng
5726 53'E . 29" 33'56.1" N-(Rock pediment) i caes —(Pedon 2) ¥ ¢ sk
A 0-10 37 20 43 19 C 76 12 0.6 14 ng
Bw 10-50 53 23 24 36 ScL 71 09 0.6 8 10
C1 50-80 83 8 9 58 LS 70 06 0.7 4 ng
C2 80-100 86 6 8 58 S 75 06 0.4 4 ng
5727 29.3'E . 29" 30'51.5" N-(Rock pediment) i cueys, —(Pedon 3) v &5k
A 0-10 80 11 9 20 LS 81 04 0.6 9.5 ng
Bk 10-70 78 13 9 51 SL 7.9 04 0.2 15 ng
C 70-160 86 5 9 57 LS 87 05 0.3 6.5 ng
Cy 160-180 64 27 19 53 SL 7.2 37 3.1 10 16
57°27'39.9"E . 29" 31 51.5" N-(Mantled pediment) s..ss caoysy —(Pedon 4) ¥ & sk
A 0-10 52 27 21 11 SL 75 11 0.6 16.5 ng
Bk 10-40 76 11 13 18 SL 73 33 0.9 16 20
C 40-100 84 11 5 66 LS 74 33 0.9 4 ng
57739 21.7°E . 29" 27 25.4" N~(Mantled pediment) s..is caesy —(Pedon 5) o ¢ sk
A 0-20 80 19 1 54 LS 79 06 0.7 8 ng
C 20-100 80 14 6 52 LS 7.8 09 0.3 6.5 ng
Btkb 100-130 68 15 19 47 SL 78 11 1.6 15 ng
57° 33 47"E . 29° 45 06" N-(Piedmont plain) .slal> e3> —(Pedon 6) & & sk
A 0-10 56 25 19 22 SL 76 17 1.7 24 ng
Bk 10-30 82 3 15 59 SL 74 25 1.06 50 12
Byl 30-70 64 11 25 51 ScCL 72 34 1.2 45.5 44
By2 70-110 84 5 11 54 LS 71 53 1.2 46.5 36
By3 110-150 84 5 11 49 LS 7.3 54 0.6 46.5 24
Bky 150-200 70 7 23 47 SCL 77 55 15 40.5 11
57°35.5 35.8"'E . 29" 44 45.5" N-(Plateau) <> —(Pedon 7)V # sk
A 0-25 59 21 20 42 SCL 79 08 1.01 2 ng
Bk 25-95 45 19 36 75 ScL 74 14 0.6 28.5 ng
Bkkm1 95-150 57 26 17 66 SL 7.2 36 0.8 54.3 32
BKkm2 150-170 55 28 17 53 SL 71 27 1.8 45.3 24
57°37 53.5'E (29741 46.6" N-(Plateau) .M ~(Pedon 8) A &Sk
A 0-20 75 17 8 36 SL 7.6 13 0.5 17 20
C1 20-30 81 16 3 35 LS 74 11 0.7 22.5 ng
c2 30-100 87 7 6 65 S 72 07 1.1 34 ng
Btkb 100-140 69 13 18 55 SL 75 06 1.2 30 ng
57°38 12.5'E 29" 41 25.9" N-(Plain) cus> —(Pedon 9) 4 & ss
A 0-10 70 20 10 10 SL 82 03 11 10.5 ng
Btk 10-30 78 9 13 31 SL 7.6 08 14 15 ng
C1 30-55 76 12 12 46 SL 75 12 34 5 ng
c2 55-90 72 16 12 54 SL 7.3 14 2.3 6.5 ng
c3 90-120 88 6 6 40 S 7.6 12 0.9 2.5 ng
c4 120-190 88 6 6 48 S 75 14 0.6 14 ng
ng: negligible
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Table 2- Moisture regimes, geologic formations and soil classification

. . G M S 0l gives,
g5 wRamy  ewliom; ¥ (2015) Sk guinaib (2014)
Pedon Moisture Geological WRB (2015) .
regime formation Soil Taxonomy
(2014)
idi 3 ; ; ; ; ; Typic
1 Aridic Gu) Quaternary Calcaric Skeletic Cambisol (Protocalcic, Loamic) Haplocambids
- e Calcaric Skeletic Cambisol (Endoarenic, Protocalcic, Typic
2 ANIC S, Neogene o555 Epiloamic) Haplocambids
3 Xeric &,; SPAS Skeletic Calcisol (Endoarenic, Hypocalcic, Amphiloamic) Typic Calcixerepts
Quaternary
4 Aridic ) B Skeletic Calcisol (Katoarenic, Hypocalcic, Epiloamic) Typic Haplocalcids
Quaternary
5 Xeric o, Syl Calcaric Skeletic Regosol (Arenic) over Skeletic Luvic Typic Xerorthents
Quaternary Calcisol (Hypocalcic, Loamic)
6 Aridic G Neogene ;95 Skeletic Calcic Gypsisol (Endoarenic, Anoloamic) Typic Calcigypsids
7 Aridic ) e Skeletic Petric Calcisol (Hypercalcic, Loamic) Calcic Petrocalcids
Quaternary
- Sryles Calcaric Skeletic Regosol (Arenic) over Skeletic Luvic . -
8 Aridic ) Quaternary Calcisol (Loamic ) Typic Torriorthents
9 Aridic G s Skeletic Luvic Calcisol (Hypocalcic, Loamic) Typic Calciargids
Quaternary
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Figure 2- X-ray diffractograms of the clay fraction. (a: Bk horizon- pedon 3, b: A horizon- pedon 5, c¢: C horizon- pedon 5, d:
Btkb horizon- pedon 5; Mg-Eg: Mg saturated with ethylene glycol, Mg: Mg saturated, K: K saturated, K 550: K saturated
and heated to 550 ‘C; Sm: Smectite, Ch: Chlorite, Ka: Kaolinite, I: Illite, Q: quartz)
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Introduction: Genesis and development of soils are highly affected by soil forming factors and processes.
Climate and topography (landform) are among the factors affecting weathering of parent material and genesis
and development of soils in an area. Besides, various morphological, physical, and chemical properties,
micromorphology, and clay mineralogy of soils at different geomorphic positions are usually affected by
different soil forming factors including parent material and climate. The objectives of the present research were
to study the effect of climate and geomorphology on physicochemical properties, micromorphology, and clay
mineralogy of the soils in Rayen area, Kerman Province.

Materials and Methods: The study area starts from Hezar mountain elevations close to Rayen city (south
east of Kerman Province) and extends to plateaus surfaces around Bam city. Quaternary and Neogene formations
were found from geology point of view. Mean annual precipitation is in the range of 200-300 mm. Five
landforms including rock pediment, mantled pediment, piedmont plain, plateaus, and valley were investigated
during field work followed by topography, geology, and Google map studies in the area. According to
1:2500000 map provided by Soil and Water Research Institute, xeric and aridic soil moisture regimes together
with mesic soil temperature regime were found in the area. Nine representative pedons were studied based on
climatic regimes and different geomorphic surfaces. Pedons 1 and 2 were located on rock pediment with an
aridic soil moisture regime. On the other hand, pedon 3 was located on the same surface, but with xeric moisture
regime. Pedons 4 and 5 were also located on mantled pediment with aridic and Xeric moisture regimes,
respectively. Pedon 6 was located on piedmont plain and in the aridic moisture zone. Pedons 7, 8 (Plateaus), and
9 (Valley) were all in the aridic moisture zone. Physical and chemical properties, micromorphology, and clay
mineralogy of soils were investigated and the soils were classified using USDA Soil Taxonomy (12th edition)
and latest edition of World Reference Base for Soil Resources (WRB) systems.

Results and Discussion: Cambic, gypsic, argillic (or argic), calcic, and petrocalcic horizons were
investigated during field and laboratory studies. Typic Haplocambids (pedons 1 and 2), Typic Calcixerepts
(pedon 3), Typic Torriorthents (pedon 8), Calcic Petrocalcids (pedon 7), Typic Calcigypsids (pedon 6), Typic
Xerorthents (pedon 5), Typic Haplocalcids (pedon 4), and Typic Calciargids (pedon 9) were classified using Soil
Taxonomy (2014) and Gypsisols (pedon 6), Calcisols (pedons 3, 4, 7, and 9), Cambisols (pedons 1 and 2), and
Regosols (pedons 5 and 8) Reference Soil Groups were determined using WRB (2015) system. Electrical
conductivity increased from rock pediment toward valley and decreased from aridic toward xeric soil moisture
regimes. Formation of argillic horizon in pedon 5 (Xeric moisture regime) was attributed to the climate of
present time, but pedons 8 and 9 with aridic moisture regime could probably have experienced a climate with
more available humidity for argillic horizon to be formed. Besides, petrocalcic horizon formation in pedon 7 was
also attributed to a climate with more available humidity in the past. A buried soil (Btkb horizon) was
determined in pedons 5 and 8 under the modern soil. Soil moisture regime change from aridic to xeric in rock
pediment surface caused change of Aridisol to Inceptisol, but classification of soils in WRB system, was not
affected. Secondary forms of calcium carbonate including powdery pocket, soft masses, and mycelium and
secondary gypsum such as fine and coarse pendants were found during field studies. Calcite, gypsum, and clay
coatings and infillings together with isolated gypsum crystals and gypsum interlocked plates were among
dominant micromorphological pedofeatures investigated. Calcite coatings on aggregates and soil particles
associated with clay coating prove the role of paleoclimate in soil formation. On the other hand, presence of
manganaze nodules is an evidence of oxidation/reduction condition taken place in the xeric moisture conditions
of pedon 5 (rock pediment). Illite, chlorite, kaolinite, and smectite were investigated in both rock and mantled
pediments, but palygorskite was only found in mantled pediments. Climate also played a significant role in

1, 2 and 3- M.Sc. Student, Professor and Assistant Professor, Department of Soil Science, Faculty of Agriculture,
Shahid Bahonar University of Kerman, Respectively
(*- Corresponding Author Email: farpoor@uk.ac.ir)
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determining the source (pedogenic or geogenic) of clay minerals.

Conclusions: Results of this study clearly showed the close relationship among soil formation, topography
(geomorphic surface) and climate. Soil physicochemical properties, micromorphology, clay mineralogy, and soil
classification were highly affected by climate and geomorphology.

Keywords: Argillic horizon, Bam, Paleoclimate, Palygorskite, Pedofeatures
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Table 1- The oxidic amount of main elements constituent studied minerals with XRF method
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Table 2- Kinetic equations that were used
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Zero order
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Second order
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Parabolic diffusion
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g Amount of released potassium in time t, g,: potassium in balance time at the end of experiment (maximum released potassium), a
and b are constant coefficients, t is time (hr)
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Table 3- Analysis variance of potassium concentration and pH
Oyt il @33l 4y Ol o (ke
Source of variances Degree of freedom Mean of squares
K Ph
sSojkas g9 2 12477 6317
Extractant typ)
e 2 1857 365
Mineral type
S &9 X pSorlas 9 4 3527 0.448™
Extractant type* Mineral type
ol 9 9.34™ 107
Time
oleysosla g5 18 0.426™  0.509™"
Extractant type* Time
loix, SIS sas ook
RS &P 18 0.903 0.067™
Mineral type* Time
Yo ix, SIS £oix 1Soylac £ ek -
DRSS EFelas £ 36 0.409™  0.086
Extractant type* Mineral type* Time ' '
risle)] ol 180 0026  0.048
Experimental error
(1) &l <o po 17.97 4.14

Coefficient of variation

25l e 4l size AL 3gng pas odimd LS NS g /N 7/ Jlois] prdaws ;3 )l5 me BB ] 3955 odimd )Lis sk
s%% Show significant difference at 0.1% and ns show non-significant difference
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Table 4- Effects of extractant type, mineral type and time on potassium release amount

o 3131 by (Silee

roojlas £y OawlisSSl yloj Mean of released potassium (mg kg™)
Extractant Type Incubation time (hour) ; ;
S ey
Mineral Type
Sl S S gld
Feldspar llite Phlogopite
1 164, 5™ 96.92 X% ¢ 161.53 ™
2 145.3 °t 66.92%F 14256
4 139.4 61.31°¢ 134.02 %
SIS sl 8 1375 S'VVV 62.65"¢ 25070 '”I‘
(OA) 12 135.4 118.50"** 338.58 9
16 184.2™ 121.31%%% 368.97 9"
24 251.6 ° 129.96 Y 421.20 %
32 402.77 1 273.88" 609.53 °
48 4155 276.43 " 669.9 "
64 4158 % 288.18 703.74 2
1 96.92 ¥% ¥ 48.46°7 96.92 X% ¢
2 80.76 Y% ¢ 54.61°¢ 64.61%F
4 50.31 “*: 50.3161"1;' 104.48 > &
8 4523 45.82 231.71°
S 22,18 12 54.78 ¢ 48.94 <1 253.93 "
(CaCly) 16 50.31¢™ 5031 21829 ™
24 134.81  104.81 V%% 222224
32 221.14 % 205.55™ 447.21°
48 221.41 %" 212.41™ 432.83 %
64 216.93™* 223.13 1P 483.59 ¢
1 25517 25517 51.02 ¥
2 25.97" 25511 2551 "
4 25510 25510 51.02 ¢
8 25.51:1]'1, 34.82 g: 61.65 ""i
. 12 4355 F 27.57 75.36%
(Cont) sals 16 2551 " 34.01%  8503%¢ ¢
24 50.55 4 50.55 " 104.81 V%@
32 106.24 V> % 7944 ¥ ¥F 122.21 V2
48 109.41V%&b 7677 %%f 128.78 Y
64 106.81%7>%®  75.97%%f 138.30 9

35,15 (P<+/+0) s )b me GBI LSD (y9051 ol s ailite g y> b (sl puSilio

A..ﬁa.\L&.'.’.w\( ‘) Mﬁw)&sbol)&bﬁﬁdsfﬂz Jpj‘w&éafraulk):bd;’
* Means with similar letters are not significant at 5% probability level, using LSD Test
After z, lowercase letters with prime symbol (') were used
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Table 5- Coefficients of determination (r®) and standard error of estimate (SE) for selected kinetic equations

) g || s iy
S »Sejlas Jol 4y "F’,g’wfi Y™ Sdslb S0 dd o P93 & 30
Mineral Extractant First order function Simple Parabolic Zero order Second order
Elovich diffusion
R? SE R? SE R? SE R? SE R? SE R? SE
‘g’égfg;ﬁ“' 096 169 097 0125 081 144 0.96 0.619 098 969 049 0.8
Sl Pl 005 149 097 0136 080 0941 096 0.422 098 619 05 1.29
Feldspar (CaCly)
wald 096 0143 099 0117 081 0738 084 1.59 097 078 037 255
(Cont.)
‘g’g;\;ﬁ“" 096 7.80 098 0098 084 0884 098 0.296 098 622 045 1.27
“‘“u P2 503 149 097 0181 076 0993  0.94 0.491 098 588 04 2.52
Illite (CaCly)
wald 094 0206 098 0127 075 0835 0.96 1.22 099 499 039 172
(Cont.)
‘g’g;\;ﬁ“" 095 207 099 0136 082 329 0.97 1.31 097 1132 039 082
e Pl 006 164 098 0164 087 168 099 0445 097 1363 028 177
Phlogopite (CaCly)
wald 097 0404 099 0097 082 105 0.97 151 098 358 044 267
(Cont.)
R’f“ 0953 1.88 098 0.131 0.808 131 0.952 0.87 0977 736 041 5098
ean
Al 097 780 099 0181 087 329 0.99 1.59 099 1363 05 25.5
Oy del (Max.)
Range of variances (;\}j'_*’) 093 0143 097 0097 075 0738 084 0296 097 358 028 08
n.
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Figure 4- Relationship of measured and predicted released potassium amount by selected kinetic models

OA, CC and CO show extracting with oxalic acid, calcium chloride and control (H,0), respectively
F, I and P show feldspar, illite and phlogopite presence
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Table 6- Parameters of selected kinetic equations

. ) ; " a )
S »50,las Jsl 4y P & o5 03Lw g9l Sdslyb Yo 4y
Mineral Extractant First order flljr?g?gn Simple Elovich parabm{C Zero order
diffusion
a b a b a b a B a b
SIS 2 g 2.346 0.5736 - 2.063 -9.087  0.17 0.9531  0.0025 §
(OA) 0.0006 ' ' 2.522 ' e ' e ' 8.945
Jlwals frnelS” 20518 - - -
1.832 0.5907 13136 -5.85 0.1084 -0.6834 0.0016
Fe|dspar (CaC|2) 0.0005 3.128 5.692
Jals - -
(Cont) 0.0005 1.554  0.875 5 618 1.049 -5037 0.0864 -0.902 0.0012 -4.40
S350 sl - -
(o) -0.005 1.836 0.5903 3.052 13496 -5.992 0.1099 -0.5674 0.0016 5718
bl PUVLRVN Y - - - ) -
lite (cacl,) 0.0005 1.811 0.7167 4961 1.2295 5 7866 0.1032 1.0024 0.0015 5 548
als - - -
(Cont) 0.0004 1.635 0.862 5 625 1.0128 -4928 0.0853  -0.998 0.0013 4776
SJI551 s - - - R
(o) 0.0008 3.271 0.7955 3.451 4.9 23101 0.4021 -3.8433 0.0058 20.52
e S 318 - - - ] -
Phlogopite (cacl,) 0.0006 2.714 0.8662 4.384 3.0383 14.924 0.2446 2.0785 0.0035 12.63
sals - - - .
(Cont) 0.0005 1.988 0.831 4.901 1.5481 74015 0.1273  -1.2974 0.0018 6.561
Ok -
2109 0744 -410 1944 9055 0.150 -1.3695 0.0023 -8.31
Mean 0.0010
ke ) - ) ] ]
Ol yuis el (Max) 0.005 3.714 0.875 2522 4.9 4.928  0.4021 0.5674 0.0058 -4.40
Range of Jolo i i ) i
variances (Min) 0.0010 1.554 0.5736 5,625 1.0128 23191 0.0853  -3.8433 0.0012 20.52
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Introduction: Potassium is one of essential nutrients for plants and its importance in agriculture is well
known. Non-exchangeable potassium that is mainly placed with in layers of K-bearing minerals, such as K-
feldspar and mica, is considered as an important source of potassium for plant growth in most soils. Regarding
that low molecular weight acids (LMW) play an important role in improving the bioavailability of soil nutrients
such as non-exchangeable K (NEK), and the release rate of NEK plays a significant role in supplying necessary
K for plants, the purpose of this study was comparison of potassium release kinetic from K-bearing including
feldspar, illite as well as phlogopite minerals and choose the best kinetic equation describing potassium release
process, influenced by organic as well as mineral extractants.

Material and Methods: The experiment carried out in a completely randomized design with three
replications. Experiment factors were including extractant type (0.01 mol 1™ oxalic acid, 0.01 mol I'* calcium
chloride, control (deionized water)), potassium mineral type (feldspar, illite and phlogopite) and incubation time
(1, 2, 4, 8, 12, 16, 24, 32, 48, and 64 hours). Elemental composition of minerals identified by Fluorescence
spectroscopy device (S4 Pioneer). Used minerals in the experiment including feldspar, phlogopite and illite were
ground and filtered through a 230 mesh sieve. In order to remove exchangeable K, samples were saturated by
calcium chloride solution (with a ratio of 2:1), after washing with HCI, samples were dried at 105 C for 48
hours. 100 mg of washed minerals, was weighed carefully and transferred to centrifuge tubes. Then 20 ml of
each of extractants (oxalic acid and calcium chloride 0.01M) was added to the tubes. After 15 minutes shaking,
tubes containing a mixture of minerals-extractants was carried out in a controlled incubation chamber for periods
of 1, 2, 4, 8, 12, 16, 24, 32, 48 and 64 hours at 25 C. After each period, samples were centrifuged at 3000 rpm
for 10 minutes and filtered using Whatman paper (No. 41). pH and potassium concentration of samples were
measured by pH meter and flame photometer, respectively. Data related to potassium release was fitted by zero
order, first order, second order, power function, parabolic diffusion and ellovich equations.

Results and Discussion: Results showed that the effect of extractant type was significant on kinetic of
potassium release, so that potassium release amount in samples extracted with oxalic acid was 1.48 and 2.35
times higher than samples extracted with calcium chloride and control (deionized water), respectively. Also,
different minerals released various amounts of potassium. K release from phlogopite was 1.99 and 2.95 times
higher than feldspar and illite, respectively. The maximum potassium concentration (440 mg kg™) was seen in
phlogopite which was extracted with oxalic acid. So that, amount of potassium in this treatment was 3.15 times
higher than control one. Furthermore, the effect of extraction time on K release was significant. So that, at the
beginning of incubation period the release of potassium by different extractants was more, but its amount
decreased over time and finally continued with a constant speed. Kinetic equation fitting showed that zero order,
first order, power function, parabolic diffusion and ellovich equations are able to describe potassium release but
second order model cannot justify it. Among these five equation, the power function and parabolic diffusion
equations with the maximum coefficient of determination (R?) and the least standard error of estimate (SE),
could reasonably describe the K release kinetics, so they are introduced as the best models for data fitting. The slope
(b) and interception (a) of ellovich equation indicate interlayer and initial K release, respectively. Oxalic acid
and phlogopite had the most amount of interception, it means that the impact of oxalic acid on initial and
interlayer release rate of K in phlogopite, is more effective than calcium chloride.

Conclusions: It is concluded that different factors like mineral and extractant type influence Kinetic of
potassium release and organic extractant have more ability in extracting non-exchangeable potassium from
minerals structure. Also, the adjustment of the results of this study with first order, parabolic diffusion and power
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function equations suggest that nonexchangeable potassium release from minerals can be affected by diffusion
process from the surface of the study minerals, indicating that NEK release rate is controlled by K diffusion out
of the mineral interlayer.

Keywords: Kinetic equations, Mineral salt, Organic acid, Phlogopite, Potassium release
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