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Figure 1- Evaporation rate from sandy clay soil in different salinity treatments
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Table 3- Evaluation Indices for Different Levels of Salinity in Loamy sand texture
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Introduction: Evaporation takes place from vegetation cover, from bare soil, or water bodies. In the absence
of a vegetation cover, soil surface is exposed to atmosphere which increases the rate of evaporation .Evaporation

of soil moisture will not only lead to water losses but also increase the risk of soil salinity. The risk is increased
under low annual rainfall, saline irrigation water and deep water table. Soil and water salinity is common in arid
and semiarid regions where using saline water is common under insufficient fresh water resources. Evaporation
is one of the main components of water balance in each region and also one of the key factors for proper
irrigation scheduling towards improving efficiency in the region. On the other hand evaporation has a significant
role in global climate through the hydrological cycle and its proper estimation is important to predict crop yield
soil salinity, water loss of irrigation canals, water structure and also on natural disasters such as drought
phenomenon. There are three distinct phases for evaporation process. Step Rate — initial stage is when the soil
reaches enough_moisture to transfer water to evaporate at a rate proportional to the evaporative demand. During
this stage, the evaporation rate by external weather conditions (solar radiation, wind, temperature, humidity, etc.)
is limited and therefore can be controlled, in other words, the role of soil characteristics will occur. In this case
the air phase - control (at this stage the stage profile — control). Next step is to reduce the rate of evaporation
rates during this stage of succession is less than the potential rate (evaporation, atmospheric variability). At this
point, evaporation rate (the rate at which the soil caused by the drying up) can deliver the level of moisture
evaporation in the area is limited and controlled. So it can be a half step - called control. This may be longer than
the first stage.. Apparently when the soil surface is dry to the extent that, it is effectively cut off from water, this
phase starts. This stage is often called vapor diffusion process where the surface layer so as to be able to dry
quickly can be important.

Materials and Methods: This study was conducted to test the texture of sandy clay and four salinity levels
(0.7, 2, 4 and 8 dS m™* (the study used a PVC pipe with a diameter of 110 mm and a height of about 1 m (for the
90 cm soil profile). Evaporation measurements and weight measurements were performed using a water balance.
Also the water out of the soil columns were carefully measured. Weight was measured in soil columns has been
done with a digital scale with an accuracy of 5 g. The calculation of evaporation ,obtained by subtracting the
weight of the soil column twice in a row, low weight and water out of the soil column.

Results and Discussion: Evaporation decreased with increasing salinity of the soil, even in the first stage
mentioned earlier by external meteorological conditions (eg, radiation, wind, temperature and humidity)
controlled, observed. It should be recognized that the ability of the atmosphere to evaporate completely
independent of the properties of the object that is no evaporation occurs. Moreover, if we assume that the object
is completely independent of the properties of water surface evaporation exactly equals, salinity reduced the
water vapor pressure resulting in reduced evaporates. The first stage of evaporation decreases by increasing
salinity, evaporation would be justified.

Keywords: Estimation, Salt water, Stages evaporation, Water resources
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1) Upstream artificial bed. 2) Sedimentary bed. 3) Vegetation 4) Downstream artificial bed
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Figure 3- Models of vegetation a) Flexible b) Rigid
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Figure 4- Density and arrangement of rigid vegetation
a) Rigid, Parallel, Emergent b) Rigid, Parallel, Submerge c) Rigid, Irregular, Emergent d) Rigid, Irregular, Submerge
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Figure 5- Density and arrangement of flexible vegetation
a) Flexible, Parallel, Emergent b) Flexible, Parallel, Submerge c) Flexible, Irregular, Emergent d) Flexible, Irregular, Submerge
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Table 1- Abbreviation signs of rigid and flexible vegetation
R: Rigid, F: Flexible, P: Parallel, I: Irregular, S: Submerge, E: Emergent, U: Upstream, D: Downstream
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Table 2- Results of expeiments

3

v(m?®) A
1 25 0.045 0.036 0.0145 0.40278 0.60621 4.5 0
2 35 0.055 0.044 0.0195 0.44318 0.60335 12 0
3 45 0.06 0.048 0.025 0.52083 0.67887 355 0
4 56 0.08 0.064 0.0313 0.48828 0.55118 775 0
5 36 0.065 0.052 0.02 0.38462 0.48165 56 0.0113000
6 195 0.045 0.036 0.0115 0.31944 0.48079 10 0.0113000
7 45 0.07 0.056 0.025 0.44643 0.53873 68 0.0113000
8 25.2 0.055 0.044 0.014 0.31818 0.43317 37 0.0113000
9 68 0.017 .014 0.0037 0.27206 0.6662 22 0.0113000
10 56 0.155 0.124 0.033 0.26613 0.21582 8.3 0.0113000
11 72 0.175 0.14 0.04 0.28571 0.21806 28 0.0113000
12 48.6 0.145 0.116 0.027 0.23276 0.19516 3 0.0113000
13 52 0.085 0.068 0.0275 0.40441 0.44287 59 0.0028260
14 25 0.055 0.044 0.0145 0.32955 0.44864 2 0.0028260
15 61.2 0.094 0.075 0.034 0.45213 0.47083 68 0.0028260
16 20.7 0.05 0.04 0.0115 0.2875 0.41051 0 0.0028260
17 68 0.16 0.128 0.037 0.28906 0.23073 4.2 0.0028260
18 56 0.15 0.12 0.032 0.26667 0.21983 15 0.0028260
19 48.6 0.145 0.116 0.027 0.23276 0.19516 0.5 0.0028260
20 36 0.125 0.1 0.02 0.2 0.18061 0 0.0028260
21 34 0.06 0.048 0.0193 0.40104 0.52273 51 0.017663
22 145 0.043 0.034 0.0083 0.24265 0.37579 1 0.017663
23 61.2 0.085 0.068 0.034 0.5 0.54755 62 0.017663
24 26.1 0.05 0.04 0.0145 0.3625 0.51759 215 0.017663
25 26.5 0.093 0.074 0.0148 0.19932 0.20925 0.5 0.017663
26 61 0.125 0.1 0.0343 0.3425 0.30929 4 0.017663
27 48.6 0.1 0.08 0.027 0.3375 0.34075 25 0.017663
28 20.7 0.08 0.064 0.0115 0.17969 0.20283 0 0.017663
29 43 0.06 0.048 0.024 0.5 0.65172 38 0.04186
30 25 0.045 0.036 0.014 0.3889 0.58531 5 0.04186
31 61.2 0.085 0.068 0.034 0.5 0.54775 61.5 0.04186
32 19.8 0.04 0.032 0.011 0.34375 0.54876 25 0.04186
33 35 0.103 0.082 0.0195 0.23781 0.23715 0 0.04186
34 67.6 0.125 0.1 0.0376 0.376 0.33955 2 0.04186
35 48.6 0.11 0.088 0.027 0.30682 0.29536 1 0.04186
36 20.7 0.08 0.064 0.0115 0.17969 0.20283 0 0.04186
37 72 0.18 0.144 0.04 0.27778 0.20904 112 0.0113000
38 66.6 0.175 0.14 0.037 0.26429 0.20171 78 0.0113000
39 39.6 0.065 0.052 0.022 0.42360 0.52982 335 0.0113000
40 26.1 0.055 0.044 0.0145 0.32955 0.44864 22 0.0113000
41 65 0.16 0.128 0.04 0.3125 0.24943 25 0.0113000
42 62 0.15 0.12 0.034 0.28333 0.23357 21 0.0113000
43 66.6 0.165 0.132 0.037 0.2803 0.22032 23 0.0113000
44 48.6 0.12 0.096 0.027 0.28125 0.25922 15 0.0113000
45 40 0.06 0.048 0.022 0.45833 0.59741 41 0.0028300
46 50 0.09 0.072 0.03 0.41667 0.44344 65 0.0028300
a7 61.2 0.12 0.096 0.034 0.35417 0.32642 77 0.0028300
48 25.2 0.045 0.036 0.014 0.38889 0.58531 16 0.0028300
49 64 0.15 0.12 0.036 0.3 0.24731 10 0.0028300
50 75 0.18 0.144 0.04 0.27778 0.20904 16 0.0028300
51 54 0.12 0.096 0.03 0.3125 0.28802 6 0.0028300
52 45 0.09 0.072 0.025 0.34772 0.36953 3 0.0028300
53 42 0.075 0.06 0.0238 0.39583 0.46147 46 0.017663
54 24 0.05 0.04 0.0135 0.3375 0.4819 4 0.017663
55 495 0.08 0.064 0.0275 0.42969 0.48504 54 0.017663
56 34.2 0.07 0.056 0.019 0.33929 0.40943 15 0.017663
57 63 0.125 0.1 0.035 0.35 0.31607 15 0.017663
58 234 0.085 0.068 0.013 0.19118 0.20936 0 0.017663
59 48.6 0.105 0.084 0.027 0.32143 0.31671 1 0.017663
60 34.2 0.09 0.072 0.019 0.26389 0.28084 0 0.017663
61 25 0.04 0.032 0.014 0.4375 0.69842 7 0.04186
62 44 0.06 0.048 0.0245 0.51042 0.6653 49 0.04186
63 55.8 0.07 0.056 0.031 0.55357 0.66802 52 0.04186
64 34.2 0.05 0.04 0.019 0.475 0.67823 26.5 0.04186
65 62 0.115 0.092 0.0345 0.375 0.35306 1 0.04186
66 245 0.085 0.068 0.0136 0.2 0.21902 0.5 0.04186
67 49.95 0.105 0.084 0.0278 0.33036 0.3255 1 0.04186
68 41.4 0.095 0.076 0.023 0.30263 0.31349 0.5 0.04186
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Figure 6- Sediment transport with parallel emergent rigid vegetation upstream and downstream
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Figure 7- Sediment transport with parallel and irregular emergent rigid vegetation upstream
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Figure 8- Sediment transport with parallel submerge and emergent rigid vegetation downstream
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Figure 9- Sediment transport with parallel emergent flexible vegetation at upstream and downstream
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Figure 10- Sediment transport with parallel and irregular emergent flexible vegetation at downstream
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Figure 11- Sediment transport with parallel submerge and emergent flexible vegetation downstream
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Figure 12- Dimensionless sediment transport rates at tow position of FPSy and RPSu
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Figure 13- Dimensionless sediment transport rates at tow position of FIEu and RIEu
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Figure 14- Dimensionless sediment transport rates at tow position of submerge flow and control experiment
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Figure 15- Dimensionless sediment transport rates at tow position of emergent flow and control experiment
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Introduction: Soil is a key resource that contributes to the earth system functioning as a control and
manages the cycles of water, biota and geochemical and as an important carbon reservoir. Soil organic matter is
one of the most important factors in soil quality assessment and having relationship with physical, chemical and
biological properties of soil. Carbon sequestration in plant biomass and soils is the simplest and the most
economically practical solution to reduce the risks of atmospheric carbon dioxide. Little information is available
about the effects of grazing management on sequestration of carbon in Khuzestan Province pastures. Therefore,
this study was conducted to evaluate the effects of grazing exclusion on the amount and forms of carbon
management and carbon sequestration with economic view in some pasture soils from Peneti Plain of Izeh area
and Dimeh regions of Ramhormoz in Khuzestan Province.

Materials and Methods: This study was conducted in two regions including lzeh and Ramhormoz
representing different climates, vegetation and soil types of southwestern Iran. We selected two grazing
treatments including ungrazed and grazed pastures in each region. The first area includes rangeland ecosystem in
Izeh city between 31° 57" 8" to 31° 58" 20" N and 49° 41’ 11" to 49° 42’ 33" E. The region has a typical
temperate continental climate, characterized by dry summers and cold winters. The mean annual rainfall is
623mm. The mean annual temperature (MAT) is 19.2 °C, and the mean monthly air temperature varies from -0.6
°C in January to 42.4 °C in July. The second area (Ramhormoz) is located between 31° 7' 44" to 31° 9' 11" N
and 49° 29" 13" to 49° 28’ 52" E. The mean annual rainfall is 200 mm and the mean annual temperature (MAT)
is 27.2 °C, and the mean monthly air temperature varies from 4.2 °C in January to 51.6 °C in July. For each
climate region, grazed and ungrazed sites were located on the same soil series with similar aspect and slope.
Then, random soil samples were taken from the surface and subsurface in 15 points. After air drying the soil
samples and passing them through a 2 mm sieve, physical, chemical properties of the soils were measured.

Results and Discussion: The soil of both studied regions are non-saline, calcareous, and alkaline and have
relatively heavy texture. The results showed that the studied characteristics in four study areas had low and
moderate coefficients of variation. This suggests that the contribution of edaphic and environmental factors to
explain variation in the data is not high. Also, grazing management has increased soil organic matter of surface
and subsurface soil, but despite the increase in organic matter contents of subsurface soils the difference was not
statistically significant. The effect of management practices, in order to have a significant effect to lower parts of
the soil, it requires a longer period management. Comparing the biomass upon non-grazing (405 and 42 gmin
Izeh and Ramhormoz respectively) and grazed (117 and 17 gm?) areas, indicates a good condition of vegetation
in the non-grazing and the effectiveness of enclosure in rehabilitation of pastures in the study area. However, due
to more rainfall rates, the amount of biomass produced in Izeh is higher.

Conclusion: The carbon management index in the study areas, as well as the depths of the study is high,
indicating recovery of soil carbon and improving its quality. Also, based on carbon sequestration in the study
area, non-grazing was one of the most proper and efficient management practices, which improved soil quality.
Accordingly, it seems that non-grazing practices should be considered as one of the major programs in
renewable natural resources plans. On the other hand, estimation of the economic value of carbon sequestration
in the pastures has been remarkable, and increased 17 and 12.7% of the value of carbon sequestration in Izeh and
Ramhormoz regions under the management of the exclusion. Therefore, the management of rangelands should

1, 2 and 3- M.Sc. Student of Water Structures and Associate Professors of Water Engineering Department, Shahid
Bahonar University of Kerman, Iran, Respectively
(*- Corresponding Author Email: rahimpour@uk.ac.ir)
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be directed to allow for their ecologic performance and capacity considering the environmental economy of
rangelands so that in broad terms, the justification for the enhancement and maintenance of the economic
equilibrium can be viewed as a guaranty of implementing the range managements resulting in sustained
development.

Keywords: Emergent, Flexible and rigid vegetation, Sediment transport, Submerge
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Figure 5- Effect of Irrigation method and polymer content interaction on flower number
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Figure 6- Effect of Irrigation method and polymer content interaction on average branch length
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Figure 7- Effect of Irrigation method and polymer content interaction on root length
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Figure 9- Effect of Irrigation method and polymer content interaction on total chlorophyll
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Figure 11- Effect of Irrigation method and polymer content interaction on water use efficiency
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Effect of Drip and Capsule Irrigation along with Super Absorbent Polymer on
Osteospermum Plant in Green Wall
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Introduction: One of the methods of increasing the water use efficiency is the application of water absorbent
materials in Soil. Super absorbent polymer increases the water saving in soil and decreases the amount of water
used for irrigation. By developing paths in public places creating green wall is very common. Green wall may
have an efficient role in reducing cooling and heating energy of building and improving the thermal performance
also it leads to biodiversity, reducing noise pollution and air pollution by absorbing CO2, dust and heavy metals.
Irrigation requirement in green wall depends on the type of system, plant and climate condition. The plant used
in this research was Osteospermum. The benefits of irrigation of capsule clay can be attributed to increase
irrigation efficiency, yield and quality indices of products, the abundance of raw materials to make it and the
lack of dependence on the currency for the pottery production Also simple and native technology doesn’t need
power, reduced energy consumption and pests, diseases and weeds, thereby reducing the consumption of
chemical pesticides insecticides, fungicides and herbicides, and the possibility of producing a healthier product,
especially in cultivation. The other advantages of the greenhouse products are maintaining soil, preventing traps
and the possibility of deploying in arid and semi-arid areas.

So far, many researches about application of superabsorbent polymer have been done increasing the water
use efficiency, irrigation interval and production yield but there has been no research conducted on drip and
capsule irrigation in green wall. Two methods of drip and capsule irrigation compared with current irrigation
methods in the green wall and polymer to reduce the number of irrigation steps was used due to lack and
importance of water and introduction of capsule irrigation method as a hew method of irrigation in the green
wall in order to facilitate the implementation of irrigation system.

This study was conducted in order to compare capsule and drip irrigation along with different levels of
polymer on Osteospermum plant.

Materials and Methods: This research was done in Shahrekord University. The experiment region has a
semi-arid climate. The study was carried out as a factorial experiment in the form of completely randomized
design with 8 treatments and 4 replications. Treatments were consisting of two types of drip and capsule
irrigation and four levels of super absorbent polymer consist of zero, 0.3%, 0.6%, 0.9%. The experiment was
done in pots. In order to simulate planting conditions circumstance with green wall, a shelf with four floors and 8
pot capacity in each floor was made from iron. The shelves were embedded so that the plant had a proper and
identical condition in terms of growths, receiving light and irrigation. In this study the analysis of obtained data
was accomplished with SAS software and for average comparison the LSD test at 5 percent level was used.

Results and Discussion: The results of analysis of variance showed that clay capsule and drip irrigation with
different levels of superabsorbent polymer have a positive and significant effect on water use efficiency, relative
water content, total chlorophyll and growth indices of Osteospermum. The results also showed that fresh and dry
shoot weight, leaf area, mean shoot length and relative water content are related to the treatment of 0.6%
polymer in drip irrigation and maximum flowering therewith water use efficiency is related to 0.6% polymer in
capsule irrigation. The treatment of 0.9% polymer in capsule irrigation had the highest root length and
chlorophyll content. Water use efficiency in capsule irrigation (2 kg/m3) was higher than drip irrigation (1.8
kg/m3).

Conclusions: The results showed that using capsule irrigation in green wall is applicable, despite its
limitations and it can be used an irrigation method in green wall. Water use efficiency and number of flowers in
this method were more than the drip irrigation method which enhanced the importance of this method.
Accompanying this method with super absorbent polymer, improve the growth and water use efficiency by
increasing the air conditioning, porosity and maintaining nutrients in soil. In compare with conducted researches,
drip irrigation which is considered as one of the green wall irrigation methods has acceptable water use

1, 2 and 3- Graduate Student, Associate Professor and Assistant Professor, Department of Water Engineering, Faculty
of Agriculture, University of Shahrekord, Shahrekord, Respectively

4- Assistant Professor, Department of Horticulture, Faculty of Agriculture, University of Shahrekord, Shahrekord
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efficiency; also the existence of polymer had a positive effect on the growth of Osteospermum plant. The results
showed the application of 0.6% polymer along with capsule irrigation could be a proper method for
Osteospermum in green wall.

Keywords: Green wall, Irrigation, Osteospermum, Super absorbent polymer, Water usage efficiency
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Introduction: Most part of Iran is located in an arid and semi-arid region, thus in most parts of a region;
groundwater is the only water resource also Population growth, limitation of surface water resources and
excessive water withdrawal from the aquifers, caused a sharp drop in groundwater level in many plains of Iran
such as Shahrekord plain, So it is necessary to have suitable management plans to improve the aquifer and
evaluate some indicators to see the effects of the methods. In this research, many management plans were
assessed for the case study.

Materials and Methods: A groundwater numerical flow model (GMS 10.2) was established by using the
monthly data including hydraulic heads, depletion volume of the wells, springs and ganats, precipitation values
in Shahrekord aquifer. The model was prepared and calibrated for both status of steady (October 2010) and
unsteady flow (November 2010-October 2012), and verified for the following year (November 2012- October
2013). The final values of hydraulic conductivity and specific discharge were obtained by trial and error and
PEST method. The water level fluctuation was predicted for three years later (until October 2016) by applying
management scenarios of 5% and 10% reduction in water withdrawal, underground dam and artificial recharge.
After that, two indicators of Sustainability Index and modified Water Exploitation Index (WEI+) were calculated
to determine the effect of the scenarios. The Sustainability Index indicates the consumption ratio of natural
resources to water demand. The optimal value of this Index is 1 and it may also have negative values. Low
values of this index mean high usage of natural resources. The Water Exploitation Index shows to which extent
the total water demand puts pressure on water resources. This index has positive values and its optimal value is
close to zero. These two indicators were used for surface water resources in the past studies so in this article they
were redefined for underground water resources.

Results and Discussion: The result of groundwater modeling shows that the hydraulic conductivity from 1
to 25 m/day and specific yield from 0.01 to 0.08 are varied also the result of prediction shows that the
underground water level would be decreased about 1.34 meter per year in the next 3 years when it hadn’t any
management plans in this area but after 5% and 10% reduction water withdrawal scenarios Decreasing of water
level were, respectively, 1.33 and 0.71 meter for each year also, considering that there were more wells in the
center of the aquifer, water level in this area increased more than other areas, after 5% and 10% Reduction
scenarios. According to the results of the artificial recharge and underground dam storage prediction,
groundwater head increased in upstream of underground dam and the area near the artificial recharge.
Considering the results it was found that the current condition of the aquifer is inappropriate and the amount of
withdrawal from the aquifer is more than its capacity. The amount of Water Exploitation Index for business as
usual scenario equal to 1.068 and for underground dam, artificial recharge, 5% and 10% reduction water
withdrawal, were, respectively, equal to 1.068, 1.061, 1.045 and 0.969. Also the amount of Sustainability Index
for business as usual scenario equal to 0.071 and for the other scenario were 0.068, 0.071 and 0.114. ,
respectively.

Conclusion: Considering the values of the indicators, 10% reduction water withdrawal scenario improved
both indicators and selected as the best scenario. After that, 5% reduction water withdrawal was in the second
place, then the artificial recharge scenario and underground dam scenarios, respectively, were in the third and
fourth place. The scenario of underground dam had any positive effect on these two indicate. Regarding the
calculated values of the indicators, it can be seen that although management scenarios have improved these two

1, 2 and 3- M.Sc. Student, Assistant Professor and Associate Professor, Department of Irrigation and Drainage
Engineering, College of Aburaihan, University of Tehran, Respectively
(*- Corresponding Author Email: javadis@ut.ac.ir)
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indicators, the amounts obtained are also significantly different from their optimal values. Several management
scenarios can be used simultaneously to bring the calculated index values closer to their optimal values. Used
two indicators of sustainability and modified water exploitation can be used exploitation for other management

scenarios and assess the performance of them for the other aquifers.

Keywords: Artificial recharge, Groundwater, Modeling, Sustainability Index, Underground dam
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Figure 1- Position of Boroujen-Faradonbeh plain. Sampling points of irrigation with well water (west part of the plain)
has been shown with hollow triangles, sampling points of irrigation with wastewater (east part of the plain) has been
shown with filled triangles. Hollow circles in both parts of the plain represent grassland and rangeland points
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Table 1- Total concentration (mg L) of trace elements in well water and wastewater used for irrigation of Boroujen-
Faradonbeh plain and allowable concentration for each element.

(Mg L) jlova caile

, Sl sly o s
S it (1) ol 2 laibins Wastewater Well freshwater Trace Element
FAO limit Iranian limit

0.2 2 0.5 b 0.3 a Ni I
0.1 1 0.1 a 0.1 a Cd posadls
0.1 2 0.3 b 0.2 a Cr FYWIN Y
0.2 - Negligible a Negligible a Hg 05>
0.5 0.5 0.2 b 0.1 a Co s
5 1 0.6 b 0.3 a Pb g

(P<+/0) ol Olay gol> O > puaie cdale 1Ske o ime glis (godimylis Cglite oSSl g >
aand b letters indicate a significant difference in the mean concentration between well freshwater and wastewater (p<0.5)
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Table 2- Statistical summary of soil basic variables in Boroujen-Fradombeh plain (n=200)
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5 2.2 43 37 40.5 40.1 % Clay o)
16 2.2 17 10 135 13.8 % Sand O
3 15 48 44 46.0 46.1 % Silt g
14 2.8 24 155 19.5 19.7 % Equivalent CaCOs Jolee S il 8
0.1 7.9 75 7.7 7.7 - pH el
15 1.8 0.7 1.0 11 dSmt EC  Ssllcols el
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Table 3- Statistical summary of trace elements (mg/kg) in pristine lands of Boroujen-Fradombeh plain (n=200)

O SIS g g el S
Pb Co Hg Cr Cd Ni
5 ke 8y slao Lo
Total concentration variation
11 0.5 0.01 1.3 0.04 0.6 Minimum aeS
2.2 1.1 0.26 1.8 0.59 1.6 Maximum Ao
20 21 62 9 72 35 cv Ol ks o >
NENERP S JESAENS PPN
Anthrogenic background mean concentration
15 0.8 0.12 1.6 0.21 1.1 Arithmetic mean s 5:5ke
15 0.8 0.09 1.6 0.16 1.1 Geometriv mean owdin (1 Sle
Sl (glaie; clale YL ao clao ol
Anthrogenic background concentration upper limit
5 —
17 09 016 16 028 13 % g’rgﬁﬁgl'c'”;;:: ol Sile VL 720 s
2.4 1.4 0.35 1.9 0.68 2.3 Mean +3 times SD el ymol x ¥+ Sile
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Table 4- Mean and range of trace elements in soils in iran, China and USA, and the ranges of maximum allowable
concentration (MAC) and Trigger Action Value (TAV) in agricultural soils. All concentrations in mg kg

(0!%55%) ol !

Lis 5 50! o
World USA China Ma;;sg;ran
(F=Y Jgaa 1YV) e (A) & (A) & (£) s
TAV"  MAC wals il oSl il oSl ke d Sl pais
R sl VR S WS JEIVREES el GM Element
AM GM AM GM AM

75-150  60-20 44-22 29 13 19 23 27 45.7 Ni JS

20-2 5-1 0.3-0.7 0.41 0.07 0.09 0.23 cd osel8

450-50 200-50  5.5-100 60 37 54 54 61 - Cr £9yS

1510 055 05818 0.7 0.06 0.09 0.04 0.07 - Hg ogu>

100-30  50-20 1100-2 11.3 6.7 1.9 11 13 - Co s

300-50  300-20 34-12 27 16 19 24 27 34.2 Pb oy

*MAC: Maximum Allowable Concentration; TAV: Trigger Action Value; GM: Geometric Mean; AM: Arithmetic Mean; R: Range. Values of

MAC and TAV from reference (17): Table 2-9, page 24

wadld 580w ilond dpnlee (VF) sl (i pands ywlu!
330) J) 55 13 (392 351y 1 5aS o5) oS Sl b @0 polic il
23S (o g (VIFD 1o p) cyidin B (VVY toge) (n pteS (e
S 5 e BY S5 5] polis pla cudlsl sl canty
s oyl 5o ccdlol (adls (Sl (g)lel oM il
Mo amd o i (8) o35 5 o3ljeelis B L 1, sbcals
OBB93 93 53 o Sl Ol b g Al (Sle
b g Al (0eLee plle d> ST o3y polis (p (n e
AL (agi 93 b ) s S5 pole )8 ) Ol
29l A Bl igiy )3 9 oo 0dd Aly I yieS Cuslyl
Lol Jolg 5l 4eS pg S Cuiblsl (adls bls o pd £0 3 ¢ jasuine
bL& 3 o)d YO 50 cd ol i ymgy s cdd 3 (p K0 B, b
LoV R (F LY ) bid o cuslil adls gl paises
cde & (5 Jodn) ol s CILS 5 muodlS cudlsl (adlis 3)lge

S s 2l ol g3 Glaw Gpae & lgs o 1y

V¥ oo ¥ Joo VY auiejl Ji5 & TAV g MAC 0lis

5 (ol T L) powyo (55,5liS o e (b clale Oy
LX) L.uul.o.n dldu.m) ).Ja.s ).:.)LQA L I\ J9.\> 2 ul.m.s L LS))SL“‘S
dlw) clale (uu_guﬁi 9 J9§+Dl% UT) Pgw yo ‘_5))5[.\..5 Lol
g slainj ke g GRlBl]) oy 0fig 4 g uuedls eSS
Sbul CUS 5 00 (slate; clale )3 (6pus Jg Cunl 0l ials
L dugliio 52) (S edl g 368 +) Ol L (655l ol 03,55
o329 4 9 SIS dureg ) S (JSs ald (pogusye (55y5liS” (21
pueey) u_]g Cwl 0l uu.bLf 1) w.)l_f clale 9 u.u;l).‘)‘ ‘) Oy
byl 5 U diaolie (pl) Caol 03,55 sl ager clale 3 (g)b me
losgy ol ol b (55,5l Cod oS (ge (s (2]l (L3
ol 45 o 1) ) Jods el pinasg Lol cpl o ol
sl polis ol | gyt slackale (ool Ol Amd o
O coby glaS s i olils (Sogl cuslil jasls
ol 03> (LS £ Jado > cudlil (S pa 48y (sladis)d ol jen
=g wlalie gg) 5l coblil WIS 4o g58y slads)d .l



YAQ

wblil @598 3 (o£1y) Olios 1 g (o OlueS polic laine) Cdil 391 »

‘_g)lyj Sy oty g ol o AP d)lﬁi =las olyl (2 g0 b (1l 3 oS jolie (Mg L) JS clile cwnid (pSSle -0 Jgia

Cowl diged (603101 N duod 58—y g 33 Candd 53 Sy 351,15 g (€155 Cldas Codd o4l gt 9 ol b o0

Table 5- Geometric mean of total concentration (mg L) of trace elements in rabgelands (reference soils), irrigated soils with
well water and irrigated soils with wastewater, and their change under agricultural operations and sewage application in
Boroujen-Faradonbeh plain. n is samples number

ol b 0ls (5l sSB ola ol b ouds (g, lof sSK & SBSB
Wastewater-irrigated soils (WS) Freshwater-irrigated soils (FS) Reference
n=90 n=90 Soils (RS)
N=20
Nl yudS Nl oS oo o S olbo child (Sbo prese
SB a4 Comd SB 4 Comd JPFIERTEY SB 4 Cond Clale wai &ldiao Element
Sl Lo gyl FeSY) bl F 30 GM Mean baseline
NN Change of GM Change of concentration
Change of mean to RS mean to RS
mean to FS
YA JAde A e YA Jade
+23 +0.3 +36 +0.5 163 ¢ +18 +0.2 13 b 1.13 a Ni S
-18 -0.04 +13 +0.02 018 a +38 +0.6 0.22 b 0.16 a Cd wsodlS
+44 +0.53 +9  +0.14 173 ¢ -25 0.4 1.2 b 1.56 a Cr 2955
-30 -0.03 -22 -0.02 0.07 a +25 +0.1 0.1 a 0.09 a Hg o>
+64 +0.58 +AD +0.73 148 b +13 +0.1 0.9 a 0.8 a Co s
+115 +2.77 +270  +4.13 539 ¢ +67 +1.0 25 b 1.52 a Pb o

(P<+/0) cusl Sl)) £55 dw > yolic cdale . Sbo o me Cglds (goniad (Ll Jlaw yo )> Cglite (Sl gy
Differring English letters in each row indicate a significant difference in the mean concentration in three of landuse (p<0.5)

GM: geometric mean
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Table 6- Statistical Summary of observed Accumulation Factor (AF) for trace elements and their percentages of occurrence
in Boroujen-Faradombeh plain
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High AF Medium AF Low AF cv Wi WS’ b s
6>AF >3 3 >0/AF >1 AF <1 v Maximum Minimum Mean Element
0
o 85.5 145 30 2.73 0.53 1.42 Ni I
7.0 60.5 325 57 3.68 0.19 1.48 Cd wsodls
. 35.0 65.0 31 1.89 0.59 0.68 Cr £9S
0.5 54.5 44.0 64 3.09 0.11 1.22 Hg 09>
6.5 80.0 135 43 3.44 0.21 151 Co s
35.0 475 175 55 6.63 0.48 2.65 Pb g

Number of samples: 200 ; AF: accumulation factor
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Figure 2- Effect of agriculture on accumulation of toxic trace elements in Borojen- Faradombeh plain. Vertical bars
indicate one standard error
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Figure 3- Distribution of accumulation index in Boroujen-Faradombeh plain
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Table 7- The area coverage (%) of accumulation factor of trace elements in Boroujen-Faradombeh plain
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Table 8- The correlation of observed accumulation factors and the correlation of accumulation factor maps of trace elements
in Boroujen-Faradombeh plain
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Table 9- Statistical summary of the total pollution load in Boroujen-Faradombeh plain
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Table 10- The coverage (%o)of total pollution load index in Boroujen-Faradombeh plain

1<PLI<3 2<PLI<3 1.5<PLI<2 1<PLI<15 PLI <1
5391 ggozne busgio 535 busgio (539 busgio (535 S e
Lwgio medium medium medium Low Pollution
Total medium load
91.8 0.4 15.4 76.3 8.2 o

Percentage




W'QV”;—olé)é‘\'e)ln.&xf'r-\lquléjg‘;i@‘f:g Yay¥y

o
o
o
3 PLI
&
| 0.85-1.00
o v
g - 1.00 - 1‘50
w0
o«
- 1-50 - 2'03
o
o
o
(=]
s
o
o
[=}
[=3
(==}
(323
w
32l
8
o
©
[523
w0
el
o
(=}
(=]
b N
(Lo}
o I 0 1 2 3 4
- km
514000 516000 518000 520000 522000 524000 526000

Wa3 o0 Ui 1) 2l GBSE I (5,1 piged Jone (Jo g7 (o pl> aislyd- g pr Culd y3 (S39l1 )b (ad LS @95 - USG
Figure 4- Distribution of pollution load index in Boroujen-Faradombeh plain. Hollow circles indicate sampling locations of
rangeland soils
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Table 11- The correlation of total pollution load (PLI) with accumulation factor (AF) of trace elements in Boroujen-
Faradombeh plain
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Introduction: Soil pollution, i.e. elevated concentration of undesirable organic and inorganic matter such as
trace elements higher than natural background concentration can be a consequence of indirect or intentional
human activities. Evaluation of the effect of the agricultural operations and particularly using the wastewater on
soil trace element concentrations is useful and required to manage the land and reduce the health risks of the
food products. The aims of this study were: [1] The estimation of the mean concentration and max limit of the
background concentration for Cd, Cr, Ni, Pb, Co and Hg in the surface soil samples of Boroujen-Faradonbeh
plain; and [2] Evaluation of the effect of agricultural operation and farming by non-conventional water on
background concentration and on accumulation, distribution and pollution load of the soil of this plain.

Materials and Methods: Boroujen-Faradonbeh is an agricultural plain loaced in the Chaharmahal and
Bakhtiari mountainous province of Iran. Two hundered surface soil samples (0-20 cm) were taken from three
types of land: never-uncultivated soil (20 samples), freshwater-irrigated (90 samples) and wastewater-irrigated
(90 samples) soils. The total sampled area was about 2340 hectares. The exact position of the samples were
recoded using a GPS device. The total concentrations of Pb, Co, Ni, Cd, Cr and Hg in the samples, and the
background and upper limit concentrations were determined. In addition, pollution loading index (PLI) for the
whole plain determined and delineated. To separate the affects of agricultural practices and wastewater
application the analysis of variance of StatSoft Statistica 12 was used. Maping, and related operations were
conducted inside ArcGIS 9.3.

Results and Discussion: Background concentrations of Ni, Cd, Cr, Hg, Co, and Pb, were determined as
1.13, 0.16, 1.56, 0.09, 0.80, and 1.52 mg/kg, respectively; while upper limit concentrations for the mentioned
trace elements were respectively 1.3, 0.28, 1.6, 0.16, 0.9, 1.7 mg/kg. Conventional farming (application of
fertilizer but not wastewater) increased the soil accumulation factor of Cd and Pb to 1.7 and 1.9 (p<0.05),
respectively, but reduced the accumulation factor of Cr from the unit to 0.8 (p<0.05). Wastewater application
increased the accumulation factor of Ni and Cr (from 1.2 to 1.6 and from 0.8 to 1.2, respectively), and especially
Pb and Co accumulation factor from 1.9 to 3.7 and from 1.2 to 1.9, respectively, while the accumulation factor of
Cd was reduced from 1.7 to 1.3. About 8% of plain’s area, located in the western part where no wastewater is
used, had a low pollution loading index between 0.85 and 1 while the remainder of the plain’s area, mostly
located in the eastern part of the plain where both fertilizer and wastewater is applied, had a moderate pollution
loading index of 1 to 2. The most polluted part of the plain with a loading index from 1.5 to 2 that covered 15%
of the plain’s area was in the eastern part of the plain, where wastewater is most available. Overall, wastewater
application in this area led to increase the accumulation factors and higher pollution loading indices. Howerver,
the risks of conventional practices of fertilizer and pesticide use , though smaller, existed.

Conclusions: In this study, about 92% of this plain was placed in the moderate pollution class (pollution
load: 1 to :2). Most polluted farms were in eastern part of the plain where wastewater was used for irrigation. It
is expected that the accumulation and pollution load of trace elements in this plain will exceed the current level
given that the practice of using wastewater on the farms will not stop.. Soil pollution leads to the polluted meat
and dairy products produced in the plain and the pollution of groundwater. In addition, wind dust in this plain
contains toxin elements which is another concern. This points to detrimental effect of farming and wastewater

1, 2 and 3- Assistant Professor and Former M.Sc. Students, Department of Soil Science, Faculty of Agriculture,
University of Shahrekord, Shahrekord, Respectively
(*- Corresponding Author Email: beigi.habib@gmail.com)
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application on soils. Current farming practices including the use of chemical fertilizers, pesticides and
wastewater, coupled with increased population, will lead to more unfavorable conditions of trace metal pollution
in the Boroujen-Faradonbeh plain.

Keywords: Conventional farming, Fertilizers, Pollution, Trace elements, Wastewater application
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Table 1- Some chemical compounds and properties of biochars and their feedstock
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Table 2- Phosphorous and potassium content of treatments
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Figure 1- The effect of treatments on Soil electrical conductivity (Duncan «=0.05)
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Table 3- The trend of EC of 1:2.5 extract of soil: distilled water during the incubation period
(Duncan ¢=0.05)
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on the basis Duncan test. Means with the same letter are not significantly different at P< 0.05 level
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Figure 2- The effect of treatments on Soil pH (Duncan a=0.05)
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Table 4- The trend of pH of 1:2.5 suspension of soil: distilled water during the incubation period
(Duncan =0.05)

SN s Y jas Ve 59037 390 YA+
10 days 30 days 60 days 120 days 180 day
pH (1:2.5)
- 8.5° 8.4 8.5 8.4 8.4
Ctrl
Municipal Waste 8.1b gb 8.1b gb gb
Compost
(MWC)
CusgpaS o
Biochar of MWC 8" 8.2° 8P 8t gb
(BMWC)
2L 8" 8" 8.1" 8.1 8"
Sewage Sludge (SS)
A o lose 8.2 8.1b 8.1 8.1b 8.1b
Biochar of SS(BSS)
s 258 8.1b 8.1b gb gb gb
Cow Manure(CM)
LT PIEIW
Biochar of C M 8.1° 8.1° 8P 8t b
(BCM)

Bl (gl gize glas (ST Oyo)’] ool 70 Jlas! hw Lg)La’l Sl Sy By b sl (1 Slo
on the basis Duncan test.Means with the same letter are not significantly different at P< 0.05 level
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Figure 3- The effect of treatments on soil available phosphorous (Duncan ¢=0.05)
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Table 5- The trend of soil available phosphorous during the incubation period (Duncan a=0.05)

ST7A RSN TA RN TR LS TR ) A T PR TN
10 days 30days 60days 120days 180 days
P available (mg kg)
- 64Y 64V 645V 63V 6.4"
Ctrl
Municipal Waste Compost ~ 8.33" 118! 14.97 1161 116!
(MWC)
. g g 16.4°P 16.8 °p 17.2m 19.2 ! 17.6mn
Biochar of MWC (BMWC)
A 2 15649 20.8 ¥ 2241 22.8 M 23.2h
Sewage Sludge (SS)
(B ol 221 249 2487 27.2¢ 28 ¢
Biochar of SS(BSS)
e 1413 136 ¢ 15.64 17.2m 18 m
Cow Manure(CM)
95 255 o 395¢ 4040 4242 4040 408"

Biochar of C M (BCM)
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on the basis Duncan test.Means with the same letter are not significantly different at P< 0.05 level
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Figure 4- The effect of treatments on soil available potassium (Duncan a=0.05)
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Table 6- The trend of soil available phosphorous during the incubation period (Duncan ¢=0.05)

STTA RSN TYA B ja e STTRAR 395 YA+
10 days 30 days 60 days 120 days 180 days
K available (mg kgt)
el 73.7¢ 76.3 ¢ 75.7¢ 75¢ 74.3°
Ctrl
Municipal Waste Compost 135 140 133¢ 135.3¢ 132.7¢
(MWC)
. CorgnS Srae 151.7¢ 149.3 ¢ 147 < 154 °¢ 151.7¢
Biochar of MWC (BMWC)
S 2 79.7¢ 84¢ 81.7¢ 8L.7¢ 79.7¢
Sewage Sludge (SS)
(AL s 84¢ 81.3¢ 79.7¢ 81.7¢ 79.7¢
Biochar of SS(BSS)
g 255 104.7°  199.7°  1947°  2043°  199.3
Cow Manure(CM)
95 355 losn 393.32 38162 393.72 3932 3922

Biochar of C M (BCM)
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on the basis Duncan test. Means with the same letter are not significantly different at P< 0.05 level
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Introduction: Global warming is strongly linked to the increase in greenhouse gas emissions to the
atmosphere. One of the most efficient ways to reduce the amount of atmospheric CO; is to produce a lot of
biomass and convert the biomass into a biochar. Biochar is an organic carbon-rich solid that can be obtained
from pyrolysis of various organic materials. In other words, biochar can be produced via thermal degradation of
many organic materials such as vegetation biomass, animal waste, sewage sludge, etc. in absence or lack of
oxygen. Biochar is more resistant to microbial degradation than its feedstock and has a mean resistance time of
several decades. In connection with the use of biochar, the most researches have been done in non-fertile and
highly weathered soils. The most significant effects of biochar application, have been also observed in strongly
acidic soils. In many arid and semi-arid regions of the world, including Iran, the soil organic matter content is
low. The lack of organic resources and their instability in the soil are considered as some of the most important
challenges in improving soil fertility and plant growth and yield. To improve soil fertility by using insufficient
existing organic resources, stabilizing organic matter by converting it into the biochar can be a fundamental
strategy. If this strategy is applied in our country with calcareous soils, it is necessary to study the effects of
different biochars on calcareous soils from different aspects .In this regard, in the present study, the effect of
three types of biochar in a calcareous soil has been investigated in comparison with their feedstock.

Materials and Methods: The effects of three types of biochar and their feedstock in a calcareous soil were
investigated in a 6-months period of incubation. A completely randomized design in the form of split plot
experiment, was carried out. The main plots were consisted of Control, Municipal Waste Compost (MWC) and
its biochar (BMWC), Sewage Sludge (SS) and its biochar (BSS) and Cow Manure (CM) and its biochar (BCW).
The sub plots consisted of five sampling times as 10, 30, 60, 120 and 180 days after the beginning of incubation.
Application rate of each treatment per kilogram of soil was calculated based on having the same weight of
organic carbon content. So that all treatments contained 2.2 grams of organic carbon. After mixing the treatment
with soil and adjusting the humidity to the moisture content of the field capacity (FC), they were transferred to
the cans (with 3 holes embedded on their doors) and kept at 25°C in the incubator. During the 6-month
incubation period, soil moisture was set at FC levels at intervals of two to three days. Sub samples were taken at
five times. After air drying the sub samples, the chemical parameters such as EC of 1:2.5 extract, pH of 1:2.5
suspension, available phosphorus (extracted with sodium bicarbonate 0.5N) and available potassium (extracted
with ammonium acetate 1N) were measured. After data collection, statistical analysis was performed using SAS
software.

Results and Discussion: The soil texture was sandy loam with 21% of clay, 7% of silt and 72% of sand. Soil
CaCOs; content and soil organic carbon content was 16% and 0.23% respectively. Available forms of potassium
and phosphorous in soil were 76 and 6.3 mg kg, respectively. According to the results, under the influence of
each treatment, the variation of soil available P, showed a significant increasing trend with the time. Changes in
available potassium and soil pH were not significant over the time. Variation of soil salinity with time although
showed an increasing trend but was not significant. Comparison of the effects of treatments showed that both
biochars and their feedstock could significantly increase the available phosphorus and potassium in soil. In this
regard, the effect of biochars was more pronounced than their feedstock. Among the feedstock, ranking for
enhancing effect on available P, was SS > CM > MWC and among the biochars, it was BCM > BSS > BMWC.
Ranking for enhancing effect on available K, was CM > MWC > SS and BCM > BMWC > BSS among the
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feedstock and biochars respectively. The increase in available phosphorus and potassium due to the use of
biochars were much higher than that of total phosphorus and total potassium added by biochars. The soil pH
decreased as a result of the application of each treatment compared to control. In this regard, the significant
difference between biochars and their feedstock were not seen. Probable presence of some amounts of pyrogenic
carbon with biochars can be one of the reasons for soil pH reduction. Electrical conductivity of 1:2.5 extract of
soil was increased by all treatments compared to the control. Except for BSS, two other biochars significantly
increased soil salinity more than their feedstock. This increasing effect on soil salinity can be partially due to the
existence of some amount of ash accompanied with biochars.

Conclusions: Application of biochars derived from cow manure, sewage sludge or municipal waste compost
in this experimental conditions, led to a significant increase in the amount of available phosphorus and potassium
in soil compared to control and their feedstock. Therefore, the use of these biochars can have a high potential for
reducing the consumption of some chemical fertilizers. From this point of view, the order of the superiority of
the coal was as follows: biochar of cow manure > biochar of municipal waste compost> biochar of sewage
sludge. The conversion of any of these feedstock to biochar did not have an effect on their potential for soil pH
changes. Except for biochar of sewage sludge, in two other biochar, the potential for increasing soil salinity was
higher than the feedstock. Considering that the durability of biochar in soil is much higher than that of its
feedstock, it is possible to use suitable biochars such as those examined in this study as a great potential for the
sustainable improvement of soil fertility and for reducing the use of chemical fertilizers in our country's
agriculture. This requires extensive field researches for other soil properties in different soil and water
conditions, with different kinds of biochars and crops.

Keywords: Biochar, Manure, Municipal waste compost, Sewage sludge
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Table 1- Soil organic matter evaluation according to USDA textural classes (23)
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Figure 3- Soil texture map of the study area (16)
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Table 2- Descriptive statistics of selected soil parameters
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Table 3- Performance of selected ANN models
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Figure 4- Measured vs. predicted soil organic matter using artificial neural network

ol b Bl odel Cowds (Eguan mas 45 o 5l ool
Sla Sy Sad (2bgyd Jgeme SimyS ) 4 bosilasdl
3 el > Ll o odly L (F) Jgao )0 osslesdly pl)34s 5l
Sl calisie slacas 5D odelcwnd clapl,Sely 39 alie
ool gl gy adllas 590 dilaie ) y2ell ol 32 5,5 kean
1 Ubey ol By a8 ol i (b JSii) ablize syl
o8l (e s 2B ke 4 Jgeme Sz S B9, b dlie
Bl JlKe il 5l doyd A WIS o gy ol &S (g yskay casdly
AV oy Sl i adls e S cigosi |, S ]
SESe Sl o ) () ol YL 2D Sl &
Cond B9y cpl P ME a3l jlade cpismen .l S JT 80k
Sl 0 S35 yo 4y (S Bj181 4 Jgeme St S 9 &
sl gy ol 3 Slotu slallad 3929 pac Sily &S

3y50 dalais ;o S Jl ol Hlade oS iad o ol Bod gl
bolas e S, g oabad Ao Sy ! adlho 93 (gl alllas
¥ ccul S T 83l @lyuss S 0, Sl o alad ddl3e
L adlie ol 005 0 o o ), S Jl83ke S Olyuss oy
Slagasls (oS 4 5 (sgias as 8d Jio Sy J odliz
Staan gyl 45 )i 8.0kdl 3,8 gl sl 3 Ses
Py iwog BB (Jgere Sizm S (hy) bawg g Sl

lgare Sua S (g @ L0 9Ls

Jbey shde lus p @S e Jgeme Siom S (hg)
2 oy ol 0 el el sla S el cussy S I bole b
loplSosly o9 aliie .l oad ooly Lis (¥) Jodo
yol)s cpl 992 3, Sleads [,y cilise (slacgs 3 odelcanda
b JS) eblise i) ol gl 35 adliae 3,50 Biaie 53
il e Sl allas gyl 3ay ol 4 ol ol ()
Sl glas el SUS T )8 a8 ol 5 a8 e
oo sl (6350208 (sllas (gl o sy p2lis 13 5 (s3]
U9y Ol el (e 9 08 ) ol sl Sl i a3 Ls
LS syl SB el S il jl due > YV Wilgs o s
8 aane St S gy o 3o ol o5 (ol da
dyg0 dilaio 3 S N 83ke e @l s 3,000 ¢l ol
3 il Syt (5 5385 st (sl 5 o S s
3 b il o San dliie ] (8 0y ju SoS (sl it
oLl 30y &S jelailod 145 Sl (g )b pdiged blE oyl WSy
Sl (Joame Sz S 9 3 Csllae s Joas gl b
(V) 234 YU (g)ls peiges bl o515

S S - o€ giuas cuas Sadi Ghg) 4 (209
LS T ol glaosly IS sg, 4SSl 5 o 59y ol o



AR

e S F a7 sl 5l eslil b S JT b3l K0 (ST s

05 8315 (012 Sl S 5215 S el )b ~€ Jgua
Table 4- Parameters of optimized variogram models
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Figure 5- Cross-validation of soil organic matter interpolation based on a) ordinary kriging and b) ANN-kriging methods
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Introduction: Soil organic matter (SOM) is an important soil quality factor that affects physical, chemical
and biological properties of soil. Accurate estimation of SOM variability provides critical information especially
in precision agriculture. Geostatistics and geographic information system (GIS) are powerful tools for
characterizing and mapping the spatial distribution and variability of soil properties. Kriging is a basic
geostatistical technique that provides the best linear unbiased estimation for a spatially dependent variable. This
method will produce satisfying results if enough sample points are available. Unfortunately, laboratory
measurements of the SOM are costly and time-consuming. Artificial neural network-kriging (ANNK) is another
geostatistical method that extends kriging of a primary variable to the readily available auxiliary variables based
on their relationship with the primary variable. This relationship is captured using an artificial neural network
(ANN) model. The residuals of the model were then interpolated using kriging, and added to the prediction
obtained from the ANN model. Terrain attributes, derived from digital elevation models (DEMs), are useful for
estimating SOM at landscape scale. Topographic indicators including slope, aspect, elevation, and topographic
wetness index may be the dominant factors affecting SOM variability in an area with same parent material and
climate. Hence, these factors can be used as auxiliary variables for estimating spatial variability of SOM using
ANNK. The objective of this study was to estimate SOM spatial variability using ANNK and topographic
indices and assess its status in hilly areas of Ghorveh in Kurdistan province (Iran).

Materials and Methods: A total of 150 soil samples from a depth of 0-15 cm were systematically collected
in a grid spaced 2 Km x 2 Km. The SOM content of soil samples was measured in the laboratory. Topographic
indicators including slope, aspect, elevation, and topographic wetness index were derived from the DEM. ANN
was used to predict SOM variability based on topographic index combinations. The feed-forward network consisted
of an input layer, one hidden layer with sigmoid neurons, and an output layer with linear neurons. The network was
trained with Levenberg-Marquardt backpropagation algorithm. According to the Kolomogrov’s theorem, the
number of nodes in the hidden layer was 2n+1, in which n is the number of input neurons. The optimal subset of
topographic index combinations correlating best with the SOM was selected as the best ANN model. This model
was used to generate an initial SOM surface. The residuals of ANN model were interpolated using ordinary kriging
(OK) and combined with the initial SOM surface to produce the final ANNK SOM surface. The SOM status map
was derived from overlaying of soil texture and SOM maps in four different levels (very low, low, medium and
high).

Results and Discussion: The results of ANN suggested that elevation was the most important variable
determining the distribution of SOM across the landscape. Further, aspect was the other variable which had a
significant influence on SOM distribution. The selected two inputs ANN model (elevation and aspect) can
explain about 33% of total variance of SOM. The cross-validation results indicated that the OK and ANNK
techniques can explain about 37 and 89% of total variance of SOM, respectively. The ANNK technique
performed better than the OK and ANN techniques since it was able to capture most of the small variations of
SOM. The resulting SOM status map indicated a low and very low SOM content in relation with soil texture in
most regions surveyed (79%). Low SOM level can be attributed to the erosive processes under Mediterranean
climate on hills coupled with intensive and/or inappropriate agricultural practices. Based on the results of this
study, proper agronomical and environmental planning such as soil conservation strategy is highly required in
this area to restore and increase the SOM content in agricultural soils, combat soil erosion and maintain soil
ecological functions and productivity. The SOM replenishment can be achieved in the degraded areas (i.e., low
SOM content) by adopting conservative practices such as conservation tillage or no-tillage (e.g., direct seeding),
improving land use rotations with forage crops, returning crop residues to soil, growing green manure crops, and
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supplying the soil with proper exogenous organic matter (compost, manure, sewage sludge, etc.). Furthermore,
the results highlighted the potential of ANNK in combination with GIS to provide improved distribution patterns
of SOM.

Keywords: Artificial neural network-kriging, Soil organic matter, Spatial variability, Terrain attributes
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Figure 1- The general status of the region and sampled sites
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Table 1- Critical range of physical indicators of soil
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Figure 2- A sample of simple decision tree.
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Table 2- Traditional statistics of physicochemical properties of soils under studied area
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Table 3- Selected features of soil physical quality indicators
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Table 4- Values of evaluation criteria in predicting soil physical quality indicators for Decision tree model
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Figure 3- Decision tree model for Air Capacity Index
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Introduction: Soil quality is defined as the capacity of a soil to function within different land uses and
ecosystem boundaries, sustain biological productivity, maintain environmental quality and promote plant,
animal, and human health. Soil quality cannot be directly measured but can be evaluated on the basis of several
parameters; the type of parameter to be used depends on research scale and goals. Soil quality indicators (SQISs)
are used to evaluate the effect of different management and types of land use on soil quality and can be achieved
by easily-measured soil physicochemical properties. Soil quality indicators are measurable characteristics of the
soil affecting the soil capacity for crop production or environmental performance. Air capacity (AC), relative
field capacity (RFC) and plant available water (PAWC) are the most important indicators. Selection of
appropriate input parameters is the first and most important step in predicting SQIs. Feature selection can be
defined as the identification and selection of a subset of useful features among the primary data collected. One of
the methods for choosing the features is the Pearson coefficient, which shows the correlation between the input
variables and target variable. When the coefficient is close to one, there is a strong relationship between the input
and the target variable. The features having a correlation coefficients of greater than or equal to 0.9 are
considered important and less than that are considered non-important. Decision tree algorithm is one of the
prediction approaches in statistics and data mining literature. This algorithm can select the property with the
highest separation capability. Working with this algorithm and interpret its results is very straightforward. The
aims of this study were to select the best set of input properties influencing SQIls using Pearson correlation
coefficient and then model the effect of the input properties by decision tree and multiple linear regression.

Materials and Methods: In this study, the Pearson correlation coefficient was used for selecting effective
soil properties influencing SQIs and these indices were modeled and predicted by the decision tree algorithm
with selected input properties. For this purpose, 104 soil samples were collected from the soil surface (0-15 cm
depth) of four land uses including a garden with 20 year-old walnut trees, pasture, agriculture and a mountain
almond in a semi-arid area in Iran (Rabor region, 29° 27’ N to 38° 54’ N and 56° 45’ E to 57° 16’ E). A multiple
linear regression (MLR) model was constructed as the benchmark for the comparison of performances.
Sensitivity analysis of decision tree model was performed with input variables using StatSoft method. The
predictive capabilities of the proposed models were evaluated by the mean absolute error (MAE), root mean
square error (RMSE), and coefficient of determination (R?) between measured and predicted SQIs values.

Results and Discussion: The soil properties including porosity, bulk density, clay and sand content for air
capacity, porosity and sand, clay and silt content for relative field capacity, and bulk density, electrical
conductivity, porosity, and sand, clay and silt content for plant available water were selected as important input
parameters. In addition, the values of r? for the decision tree model for air capacity, relative field capacity and
plant available water were 0.95, 0.84 and 0.85, respectively, while the r? values for multiple linear regression for
AC, RFC and PAWC were 0.63, 0.62 and 0.61, respectively. According to the evaluation indices, it appears that
the conventional regression model was poor in predicting SQIs. Therefore, conventional regression techniques
(i.e., multiple-linear regression) may not be reliable for predicting the SQIs. The results of sensitivity analysis for
decision tree model showed that porosity and bulk density for air capacity, porosity for relative field capacity
and bulk density for plant available water had the greatest influence.

Conclusion: This research work provided a basis for predicting soil physical quality indicators and
identifying important parameters impacting these indicators in agricultural soils, grassland and forests in semi-
arid regions which can be generalized to other areas. Further studies are needed to assess the effects of selected
input variables under different conditions.

Keywords: Air capacity, Available water, Modeling, Relative field capacity, Soil management
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Figure 1- Ammonia concentration during six days of experiment in the presence of Sporosarcina pasteurii Error bars are
deviations from the criteria (n = 2)
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Figure 2- Calcite precipitation formed by Sporosarcina pasteurii after 48 hours
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letters indicate significant differences at P < 0.05 (Tukey method). Error Bars are deviations from the criteria (n = 3)
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Figure 6- Urease activity (a) and dehydrogenase activity (b) in different concentration of cadmium in presence (B) and
absence (NB) of bacterium at the end of 7 days of incubation. Different letters indicate significant differences at P < 0.05

(Tukey method). Error Bars are deviations from the criteria (n = 3)
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Figure 7- The amount of cadmium content in soluble and exchangeable phase in presence (B) and absence (NB) of bacterium
at different concentrations of cadmium at the end of 7 days of incubation. Different letters indicate significant differences at
P < 0.05 (Tukey method). Error Bars are deviations from the criteria (n = 3)
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Figure 9- Cadmium concentration in different fractions of soil in presence (B) and absence (NB) of bacterium at 50 mg Kg!
of cadmium at the end of 7 days of incubation. Different letters indicate significant differences at P < 0.05 (Tukey method).

Error Bars are deviations from the criteria (n = 3)
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Introduction: Cadmium is considered to be one of the heavy metals with the highest toxicity, because it has
high activity and a relative high dissolution rate in water and in living tissues. In recent years, due to the high
volume of natural resources pollution and the inefficiency of conventional physicochemical methods for refining
these resources and the occurrence of environmental crisis, bioremediation process has been at the forefront.
Microbially induced calcite precipitation (MICCP) has been considered as a novel solution for these problems,
and several bacterial species have been already utilized for MICCP. MICCP based degradation of urea occurs
through the ureolytic pathway. Urease (urea amidohydrolase) is an enzyme that hydrolyzes urea into one mole of
carbonate and two moles of ammonia per mole of urea. In this aspect, microbial mineral precipitation products
such as calcite can strongly adsorb heavy metals on their surfaces and incorporate heavy metal ions into their
crystal structure. Some studies have reported MICCP-based sequestration of soluble Cd via coprecipitation with
calcite was useful for Cd bioremediation. Several bacterial species have been utilized for MICCP. The endospore
forming bacteria Sporosarcina pasteurii have been shown to produce high levels of urease and have therefore
been extensively studied. Sporosarcina pasteurii has attracted significant attention for its unique feature of
calcium carbonate precipitation, which can be easily controlled. So, In the present study the ability of
Sporosarcina pasteurii bacterium has been investigated in the remediation of Cd(ll) in Cd-contaminated sandy
soil based on MICCP method.

Materials and Methods: Sporosarcina pasteurii (PTCC 1645) was procured from Microbial Bank of Iran
(Central Collection of Industrial Fungi and Bacteria, Karaj, Iran). The bacterial strain was inoculated into NB
(nutrient broth) media containing 2% urea and 25 mM CaCl, (NBU media) and then incubated at 37°C for 6
days. The urease activity was determined at regular time intervals by measuring the amount of ammonia released
from urea according to the phenol-hypochlorite assay. Minimum inhibitory concentration (MIC) test was
performed to determine the lowest concentration of cadmium chloride, which prevents the growth of bacteria.
Sporosarcina pasteuriiwas inoculated into NBU media supplemented with 0.5, 1,2,4,8 and 10 mmol I* Cd and
incubated at 37°C, 130 rpm for 50 hours. Control flasks without adding Cd were also incubated. Bacterial growth
was determined in terms of optical density (OD) by measuring absorbance at a wavelength of 600 nm at regular
time intervals (0, 10, 20, 30, 40 and 50 hours) and colony-forming units (CFU) were also counted. The cadmium
removal in 0.5, 1 and 2 mM cadmium solutions (based on MIC) was measured.A sandy soil from a depth of 0 to
30 cm was sampled. The soil was polluted with 10, 20, 40 and 50 mg/kg of cadmium and incubated in room
temperature for two weeks. After incubation time, the cadmium remediation studies were performed at 30°C in
the beakers containing 100 g of sterilized dried contaminated soils and 200 mL of overnight grown of
Sporosarcina pasteurii (~ to 10’cfu ml™?) in NBU media. For each treatment corresponding control were
included with the same condition but without bacteria.After 7 days of incubation, urease and dehydrogenase
enzymes activity and concentration of cadmium in soluble + exchangeable and carbonate fractions were
measured. The concentration of cadmium in iron-manganese oxides, organic matter and residual fractions in
concentration of 50 mg/kg cadmium was also determined according to the continual extraction procedure of
Tessier et al. (1979).

Results and Discussion: The amount of released ammonia by ureolytic activity of Sporosarcina pasteurii
increased up to fourth day and then became almost constant.Optical density in different concentrations of
cadmium decreased in comparison to control treatment after 48 hours. The minimum inhibitory concentration of
cadmium for bacteria growth was 2 mM as determined by colony counting after 48 hours of incubation.
Cadmium removal efficacy from solutions containing 0.5, 1 and 2 mM of cadmium was 99.6, 99.8 and 99.8%,
respectively. The amounts of urease and dehydrogenase activities in the presence of bacterium were significantly
higher than control treatments (P<0.05). The results of the fractionation of contaminated soils in the absence of
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Sporosarcina pasteurii showed the distribution of cadmium as organic matter <residual < carbonated< Fe-Mn
oxides< exchangeable, While in the soil with bacterium, the cadmium distribution was as organic matter
<residual <exchangeable<Fe-Mn oxides< carbonated. The results indicated that Sporosarcina pasteurii could
significantly reduce the exchangeable fraction and increase the carbonate fraction of cadmium.

Conclusion: The results showed that MICCP-based removal of heavy metals via coprecipitation with calcite
may be useful for toxic heavy metal bioremediation.

Keywords: Biomineralization, Cadmium, Calcite, Sporosarcina pasteurii, Urease
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Figure 1- The Soil map of the study area
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Table 1- Standard scoring functions and parameters for quantitative soil indicators in Qazvin plain lands
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Table 2- Results of Principal components analysis (PCA) of soil quality indicators in Qazvin Plain

PCs PC1 PC2 PC3 PC4 PC5 PC6 PC7
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SB
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(Soil depth)




A4

il ) (2938 Clbd S doy g Sis adilaino (L3l 3 (s 0 S calns 255l

MDS 9TDS ‘5)[:.&0 dlﬁ 0439) » SKB u.:.ﬁ.:s)l;ao » FXW) J)Bi).g 0399 J',})wl )l.}@o -y Jg»
Table 3- Estimated communality and weight value of each soil quality indicator in TDS and MDSindicator methods
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Table 4- Criteria for soil quality grade divisions in different indicator methods and models (Qi et al., 2009)
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Figure 2- Soil quality distribution based on different indicator methods and indices in Qazvin plain (I= MDS-1QI, 1= TDS-
NQI, 111=TDS-1QI, IV=MDS-NQI)
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Figure 3- Resolution map of soil quality grades based on different indicator methods and indices in Qazvin plain lands (1=
TDS-NQI, 11= TDS-IQI, 111= MDS-NQI, IV=MDS-NQI)
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Introduction: Assessing the soil quality of agricultural land is essential for the economic success and
sustainability of the environment in developing countries. Recently, there are many types of methods for
assessing soil quality, each of them uses different criteria. Considering that Qazvin plain is one of the most
important regions of agricultural products in Iran as well as Middle East, so the assessment of the soil status
using quantitative models of soil quality can be used as an indicator of the status of soils in relation to
sustainable agriculture, optimal utilization of resources Natural and better land management. Among the
quantitative models of soil quality index, cumulative model integrated quality index (IQI) and Nomero (NQI)
index can be mentioned. Therefore, this study intends to evaluate the best quantitative and quality index model
by examining and comparing two methods of selecting the appropriate criteria, Total data set (TDS) and
Minimum (MDS) and the second order soil quality index, integrated quality index(1QI) and Nomero (NQI) index
in Qazvin plain lands.

Material and Methods: The study area with 25220 hectares is located in east of Qazvin Province. The
average annual precipitation is 275 mm and the soil moisture and temperature regimes are Thermic, Dry xeric
and Weak Aridic, respectively. A total of 76 samples from the depth of 0-20 cm of the soil surface were studied
and based on uniformity, soil type and land use. In this study, four types of criteria that affect the quality of soil
in terms of their performance, including: upper limit, lower limit, optimal limit and descriptive function were
selected. To qualify (normalize), the upper limit, lower limit and peak limit were selected. In the following, the
Total Data Set (TDS) and the Minimum Data Set (MDS) set of data were used. In the TDS method, all of the
measured characteristics (a total of 19 physicals, chemical and biological properties of the soil) were considered.
Then, the degree of soil quality indices was determined based on the combination of TDS and MDS criteria and
the final NQI and 1QI quality indices.

Result and Discussion: Comparison of soil types in the region showed that the Aridisols had good, moderate
and poor quality (19.35% of soil with good quality, 67.76% with moderate quality and 12.94% with poor
quality), Entisols have good and medium quality (53.21% of the soil with good quality and 46.79% with
moderate quality) and Inceptisols have very good, good, moderate and poor quality (96.9% Soils with very good
quality, 66.73% with good quality, 15.85% with moderate quality and 13.44% with poor quality).

According to the TDS standard and the NQI model, the soils with qualities I, 11 and 111 were 30.67%,
66.86%, 47.2% of the total soils of the area (lands with poor quality soil quality were not observed in TDSnq
method). Therefore, according to this method, Aridisols has a very good, good and medium quality (13.26% of
the soil with a very good quality rating, 73.88% with a good quality and 12.84% with a moderate quality grade),
Entisols with The good quality (100% of the soil with good quality degree) and Inceptisols have a very good and
good quality (28.11% of the soil with a very good quality grade, 71.88% with a good quality grade). The results
of quantitative soil quality by using the MDS standard method and 1QI model were showed, soils with very
good, good, moderate and poor degree are 2.45, 16.45, 48.93 and 46.3 percent of total land area respectively.

The results of the combination of the MDS and the NQI model also showed that the soils with a very good,
good and average grade are 30.67%, 66.86% and 47.2% of the total land, respectively. Also, the results of the
combination of the MDS and NQI model showed that the soils with very good, good and average quality are
30.67%, 66.86% and 47.2% of the total land area respectively. The results of the evaluation based on 4 indicators
showed that good quality (1) was prevalent in the studied soils and accounted for about 47% of the total area
studied in Qazvin plain lands. The map of distribution of soil quality degrees, the distribution of soil degrees is
relatively similar to all of four combination methods, the choice of criteria and model. By examining the linear
relationship between the indices obtained from TDS and MDS criteria and the 1QI and NQI indexes, it is
observed that the correlation coefficient is more and more reliable than the NQI model when used in the 1QI
model (R2 = 0.77). So the highest correlation coefficient we observed two methods for selecting the TDS and
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MDS criteria when using the 1Q1 model. In general, the results of this study indicate a better performance of the
MDS criteria than TDS.

Conclusions: Therefore, the main results of this study suggest using the 1QI model with the MDS selection
method as the starting point in the global standard path for future studies. Special attention should be paid to the
criteria chosen by the MDS. In addition, conducting a series of research into the future in order to modify the
MDS,q model can make it more relevant to international standards.
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Table 1- Physical and chemical characteristics of the soils in grazed and ungrazed pastures

(Depth) (cm) S Gos

(1zeh) a4yt (Ramhormoz) e yeel,
S N33 0-20 : 20-40 : 0-8 : 8-28 :
(Factor) (Land use) . e . e i e . e
oo Ol i oo Ol oo Ol oNke Ol i
(Mean) () (Mean) () (Mean) () (Mean) (%)
(CV) (CV) (CV) (CV)
o 230.3 13.16 273.0 17.47 140.2 16.29 1155 25.18
o (Ungrazed)
Clay (gkg* Iy o
y (Gkg™) oy 2483 1887 3084 1935 1203 1928 1213 2528
(Grazed)
ol 293.5 15.93 261.0 26.25 465.0 14.17 594.3 15.93
o8 (Ungrazed)
Sand (gkg™t Iy cos
(Gkg™) 7o 2725 3534 2036 3371 4207 952 4671 2436
(Grazed)
. 82
Caloium Jols ks 5 Ungrazed) 620.5 6.85 583.5 14.67 718.8 3.61 585.8 20.81
carbonate equivalent s cog
(gkg™) = 598.9 12.24 599.7 15.99 697.1 3.76 638.2 16.63
(Grazed)
o 0.60 38.93 0.93 56.58 2.04 18.17 2.84 32.57
SopSl colan (Ungrazed)
EC) (dSm* Iy oo
(=L ) 7w 1.03 53.29 1.17 64.58 2.16 26.05 2.56 24.41
(Grazed)
ol 7.54 111 7.47 2.16 7.08 1.84 6.92 3.63
Sk pH (Ungrazed)
Soil pH I cov
( PH) e 7.56 1.56 7.59 2.02 7.35 1.55 7.37 0.96
(Grazed)
] . ; o” 9.53 17.72 5.30 24.62 5.24 17.04 2.29 25.57
Soil organic ) sk Jlesl  (Ungrazed)
bon) (gkg* L oo
carbon) (gkg™) 7 e 833 1566 497 168l  4.26 1538 210  22.00
(Grazed)
. -l 18.85 14.56 20.64 16.85 8.65 19.25 6.76 25.32
98 s oLl (Ungrazed)
CEC (cmol+kg-1 Iy cod
( ( o) 7w 17.92 16.40 20.82 18.56 8.23 21.31 7.48 24.62
(Grazed)
o 1035.30 1.54 959.8 1.24 978.46 2.32 899.61 1.74
S L S (Ungrazed)
Labil b kgt ly> o
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Figure 2- Variation of organic carbon in the pasture with respect to depth and management (Means with the same symbols
are without significantly different at probability level of 0/05 Duncan test with)
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Table 2- Average of carbon sequestration in studied pastures
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Table 3- Carbon management index of the soils in grazed and ungrazed pastures
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Figure 3- Variation of carbon sequestration in the pasture with respect to depth and management (Means with the same
symbols are without significantly different at probability level of 0/05 Duncan test with)
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Table 4- The economic value of carbon sequestration in the studied pastures.
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Introduction: Soil is a key resource that contributes to the earth system functioning as a control and
manages the cycles of water, biota and geochemical and as an important carbon reservoir. Soil organic matter is
one of the most important factors in soil quality assessment and having relationship with physical, chemical and
biological properties of soil. Carbon sequestration in plant biomass and soils is the simplest and the most
economically practical solution to reduce the risks of atmospheric carbon dioxide. Little information is available
about the effects of grazing management on sequestration of carbon in Khuzestan Province pastures. Therefore,
this study was conducted to evaluate the effects of grazing exclusion on the amount and forms of carbon
management and carbon sequestration with economic view in some pasture soils from Peneti Plain of 1zeh area
and Dimeh regions of Ramhormoz in Khuzestan Province.

Materials and Methods: This study was conducted in two regions including lzeh and Ramhormoz
representing different climates, vegetation and soil types of southwestern Iran. We selected two grazing
treatments including ungrazed and grazed pastures in each region. The first area includes rangeland ecosystem in
Izeh city between 31° 57’ 8” to 31° 58’ 20" N and 49° 41’ 11" to 49° 42' 33" E. The region has a typical
temperate continental climate, characterized by dry summers and cold winters. The mean annual rainfall is
623mm. The mean annual temperature (MAT) is 19.2 °C, and the mean monthly air temperature varies from -0.6
°C in January to 42.4 °C in July. The second area (Ramhormoz) is located between 31° 7' 44" to 31° 9" 11" N
and 49° 29’ 13" to 49° 28’ 52" E. The mean annual rainfall is 200 mm and the mean annual temperature (MAT)
is 27.2 °C, and the mean monthly air temperature varies from 4.2 °C in January to 51.6 °C in July. For each
climate region, grazed and ungrazed sites were located on the same soil series with similar aspect and slope.
Then, random soil samples were taken from the surface and subsurface in 15 points. After air drying the soil
samples and passing them through a 2 mm sieve, physical, chemical properties of the soils were measured.

Results and Discussion: The soil of both studied regions are non-saline, calcareous, and alkaline and have
relatively heavy texture. The results showed that the studied characteristics in four study areas had low and
moderate coefficients of variation. This suggests that the contribution of edaphic and environmental factors to
explain variation in the data is not high. Also, grazing management has increased soil organic matter of surface
and subsurface soil, but despite the increase in organic matter contents of subsurface soils the difference was not
statistically significant. The effect of management practices, in order to have a significant effect to lower parts of
the soil, it requires a longer period management. Comparing the biomass upon non-grazing (405 and 42 gm2in
Izeh and Ramhormoz respectively) and grazed (117 and 17 gm?) areas, indicates a good condition of vegetation
in the non-grazing and the effectiveness of enclosure in rehabilitation of pastures in the study area. However, due
to more rainfall rates, the amount of biomass produced in Izeh is higher.

Conclusion: The carbon management index in the study areas, as well as the depths of the study is high,
indicating recovery of soil carbon and improving its quality. Also, based on carbon sequestration in the study
area, non-grazing was one of the most proper and efficient management practices, which improved soil quality.
Accordingly, it seems that non-grazing practices should be considered as one of the major programs in
renewable natural resources plans. On the other hand, estimation of the economic value of carbon sequestration
in the pastures has been remarkable, and increased 17 and 12.7% of the value of carbon sequestration in Izeh and
Ramhormoz regions under the management of the exclusion. Therefore, the management of rangelands should
be directed to allow for their ecologic performance and capacity considering the environmental economy of
rangelands so that in broad terms, the justification for the enhancement and maintenance of the economic
equilibrium can be viewed as a guaranty of implementing the range managements resulting in sustained
development.

Keywords: Carbon management index, Carbon sequestration, Economical, Grazing exclusion, Pasture
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Table 1- Properties of Wheat straw Biochar and Hydrochar at different temperatures

(gl 4 53) Lod (Yield) 2334 oc LOI SOM SOMYI
Temperature (C°) (%)
W - 52.85 - - -

BW200 85.53 49.92 90.00 3.94 3.37
BWS300 39.47 16.77 80.00 51.09 20.16
BWoa00 32.89 15.21 66.67 40. 45 13.30
BWsoo 26.97 12.48 65.00 43. 48 11.73
BWsao 23.68 8.22 60.00 45.83 10.85
HW140 88 52.45 92 1.23 1.08
HW170 79 49.17 91.67 6.95 5.49
HW200 7 47.58 90 7.97 6.13
HW230 59 46.02 83.33 3.99 2.35

Feo Fee Fov lalod )5 puiS oSyl g paiS ol ,Sby i ey HW230 s HW200 HW170 HW140 BWeoo « BWs00 BWaoo BW300 BWa0o W (5Ms)
(A8l so YY+ 5 ¥ev Ve OF+ lales ;3 puiS oS Jlgydun 5 5o e

W, BW200, BW300, BWa00, BWs00, BWs00, HW 140, HW170, HW200 and HW230 are wheat straw, biochar and hydrochar of wheat straw
produced at different temperatures

At Slod j5 eS8 jlarg)iud g jlagm polis pdlie -F Jgoa
Table 2- Elemental analysis of wheat straw biochar and hydrochar samples at optimum temperature.

digod Ca Mg Na K

N

S C H ©)

H/C OIC
Sample (%)
BW300 0.2 0.13 0.11 0.16 1.15 0.49 59.65 3.09 27.02 0.05 0.45
HW200 0.13 0.07 0.08 0.02 0.71 0.16 49.14 5.37 38.15 0.11 0.78
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Table 3- Chemical and physical properties of wheat straw biochar and hydrochar samples at optimum temperature

b:. Eh =>=' A
ged EC Sur)::ce Area AEC CEC - p =7 pH WHC
dS.m? Cmol.Kg'! Cmol.Kg™! %
Sample ) (m2g) ( gt ( gl (g.cm?) (%)
BW300 2.35 46.95 10.11 13.75 0.26 7.09 262
HW200 0.53 35.43 9.42 12.66 0.09 6.13 385
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Table 4- Physical and Chemical properties of soil

salyly Slade
Parameter  Amount
EC
(@s.m) 1.81
Pb
(g.cm®) 145
oC (%)

TN (%)

Falyb Slase
Parameter Amount
Sk sl b —p
Soil Texture Loam-Sand
pH 7.82
CEC
(cmol.kg?) 6.92
n
%) 43.50
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Table 5- Variance analysis of the effect of wheat straw Biochar and Hydrochar samples on soil physical properties

&b @3ljl 4y S Olayye (e Sargn Ol (b
Index Degrees of Freedom Mean of squares (Hydrochar) Mean of squares (Biochar)
n po n P
hesd 25.503% 0.028* 17.963* 0.021*
Treatment
5 2
’I’g_“ . 0.001" 0.000™ 0.000™ 0.000™
Repetition
a3 6
0.000 0.000 0.000 0.000
Error
groe 1
Total

deoyd gy gedaws )3 I gme 1K ¢l xe 1 4816 NS
ns: No significant effect, * Significance at the five percent probability level
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Table 6- The Average comparison of the effect of different wheat straw Biochar and Hydrochar treatments on soil
physical properties

)l%; saly BW?2 BW5 BW10 HW2 HW5 HW10
Treatment Control
pb 1.45a 1.34b 1.30c 1.26d 1.32¢e 1.28f 1.23h
(g.cm®)
n 43.5a 46.32b 47.74c 49.25d 47.32e 48.65f 50.36h
(%)
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Rows with the non-same letters have significance difference at the five percent probability level
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Table 7- The Average comparison of the moisture content of Biochar samples in different suction based on Duncan test

(Hhawedl) S Cagh, S b BW2 BWS5 BW10
Soil moisture suction (atm) Control

0.33 21.3%0 23.53a1 26.32a2 31.22a3

3 17.03bo 18.76b: 20.90 b2 23.18bs

5 15.67¢o 16.72 c1 17.79 c2 19.23c3

10 12.37do 13.36d: 14.02d2 15.18ds

15 9.03fo 9.15fo 9.72fo f1 10.24 f;

B0 I ime NS sy iy o] ams )3 (g)ll s ] cisann iy K > S gidio et By gyl &S 6]
Rows with the non-same letters have significance difference at the five percent probability level
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Table 8- The Average comparison of the moisture content of Hydrochar samples in different suction based on Duncan test

(phamedl) SE Cugh, e - HW2 HWS5 HW10
Soil moisture suction (atm) Control

0.33 21.39%0 24.56a1 27.77a2 32.67a3

3 17.03bo 19.34 by 22.56b2 25.71 b3

5 15.67¢co 1724 c1 18.88 c2 20.92c3

10 12.37do 13.74d: 14.62d: 15.18d>

15 9.03fo 9.22 fo 10.02f, fo 10.56 f1

2,13 4l dme W] do > gy et prdaw 3 (lol JLas 5| eainn Cndy S > St By gl &S 6]
Rows with the non-same letters have significance difference at the five percent probability level

&

—em WL e B\V/2

BW5 === BW10

= =
o © N o
L L

(hunesl) S5 gy iSo
Soil moisture suction (atm)
w

9 14 19

24 29 34

(s> 20)3) b,
Volumetric water content (%)

—H—als —A— HW2

=
(&3]

HW5 ——e— HW10

[
(2] (=) N

(hosadl) S gl iSo
Soil moisture suction (atm)
w

9 14 19

24 29 34

(o> 2o p3) oy
Volumetric water content (%)

S sigb, oo () sy g (W) jlegm Aitko sl jlosi 1Y JSS
Figure 2- The effect of different Biochar (A) and Hydrochar (B) samples on Soil water retention curve
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Introduction: Organic matter is considered as the main element for soil fertility by improving the condition
of agglomeration, porosity and soil permeability. One of the most useful ways to use plant debris is to turn it into
Biochar and Hydrochar. Biochar is a kind of coal produced from plant biomass and agricultural waste that is
burned in the presence of low oxygen content or its absence. The hydrothermal process involves heating the
biomass or other materials in a pressurized in the presence of water at a temperature between 180 and 250 C, and
the result of this reaction is coal (Hydrochar) and soluble organic matter. Biochar and Hydrochar have several
advantages such as climate change mitigation through carbon sequestration, soil cation exchange capacity (CEC)
increasing, soil fertility, plant growth and root development, improved soil structure and stability, increased soil
moisture storage capacity and soil pH adjustment. Coarse soils have large pores and they have low ability to
absorb the water and nutrient. The aim of this research was to determine the optimum temperature of wheat
straw Biochar and Hydrochar production, and to investigate the effect of these materials on bulk density, total
porosity and moisture curve of Sandy Loam soil.

Materials and Methods: In order to produce biochar, at first the wheat straw was washed and dried in the
oven. Then it was grinded and was made at different temperatures (200 to 600° C) inside a furnace for four
hours. Similar to biochar, for producing hydrochar, after washing and drying the wheat straw it was grinded into
particles ranges from 0.5 to 1 mm. Then it was placed in a stainless steel autoclave with deionized water. The
autoclave was heated at different temperatures between 140-230° C for four hours. The optimum temperature for
producing of biochar and hydro-char was determined by using stable organic matter yield index (SOMYI), and it
was used in this study. The pH and EC of the biochar and hydro-char samples were measured by combining 1 g
of a sample with 20 mL DI water. The cationic and anionic exchange capacity were determined by replacing
sodium nitrate with hydrochloric and potassium chloride (Chintala et al., 2013). Surface area was obtained using
methylene blue method. A CHNSO Elemental Analyzer (Vario ELIII- elementar- made in Germany) was used to
determine the content of C, N, H, S and O in the samples. Potassium and sodium content were measured by
flame photometer and calcium and magnesium were measured by titration with EDTA. Biohchar and hydrochar
treatments were applied at three levels of 2, 5 and 10 mg / kg soil in three replications in 21 lysimeter. The bulk
density, total porosity and moisture curve of soil were measured after four-month irrigation period.

Results and Discussion: According to the calculated value of stable organic matter yield index (SOMY) at
various temperatures in this study, the maximum thermal constancy of wheat straw biochar was 16.20 at
temperature of 300° C and for hydro-char was obtained as 6.13 at the temperature of 200° C. So, the temperatures
of 300 and 200 C were determined as the optimum temperature of sustainable carbon biochar and hydro-char
production and were used to continue the experiments of this study. The results showed that addition of HW2,
HWS5, HW10, BW2, BW5 and BW10 to soil compared to control treatment significantly decreased the bulk
density of the soil, 8.97, 11.77, 15.17, 7.9, 10 and 13.10 percent respectively. Also, results showed that addition

of HW2, HW5, HW10, BW2, BW5 and BW10 to the soil as compared to control treatment increased soil
porosity by 8.8, 11.48, 15.77, 6.48, 9 and 22.13 percent, respectively. The reason for reducing the soil bulk
density and increasing the total porosity of soil can be due to the mixing of the soil with materials with a lower
bulk density and the effect of increasing the organic matter of the soil due to the use of Biochar and Hydrochar.
Based on statistical analysis, wheat straw Biochar and Hydrochar had a significant effect (P <0.05) on moisture
content in different suction of soil. The results showed that addition of HW2, HW5, HW10, BW2, BW5 and
BW!10 to soil as compared to control treatment increased available soil moisture content by 24.11, 43.61, 78.88,
16.34, 34.30 and 74.69 percent respectively. Organic matter affects the structure of soil pores that determines the
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extent of moisture storage in the soil. For example, intrinsic porosity leads to the formation of fine pores in the
soil, thereby it increases soil moisture retention capacity. Comparison of Biochar and Hydrochar treatments
showed that Hydrochar has more potential to decrease soil bulk density, increase total porosity and soil moisture
content.

Conclusions: In general, it can be concluded that the addition of wheat straw Biochar and Hydrochar
samples cause positive changes in some physical properties of the soil such as bulk density, total porosity and
soil moisture content in different suction. Given that Biochar and Hydrochar are a carbon source, since carbon is
highly porous and has high nutrient and moisture content retaining power. As a result, the use of Biochar and
Hydrochar to improve soil properties can play a fundamental role. The results showed that the Biochar and
Hydrochar treatments in the amount of 10 and 2 grams per kilogram of soil had the highest and the least effect
on the studied properties of the soil, respectively.

Keywords: Biochar, Hydrochar, Organic matter, Soil water retention curve
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Figure 1- Interaction of Nitrogen levels (0, 2, 6 and 10 mM) and AM fungi on sand glomalin production (ug/g sand). Means
followed by the same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.01
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Figure 2- Interaction of rhizobium bacterium and AM fungi on sand glomalin production (ug/g sand). Means followed by the
same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.01
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Figure 3- The Production of root glomalin (ug/g root) in different levels of nitrogen (0, 2, 6 and 10 mM). Means followed by
the same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.01
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Figure 4- The main effect of rhizobium bacterium and AM fungi on root glomalin content (ug/g root). Means followed by the
same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.01
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Figure 5- Interaction of Nitrogen levels (0, 2, 6 and 10 mM) and AM fungi on root colonization (%). Means followed by the
same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.01
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Figure 6- Interaction of rhizobium bacterium and AM fungi on root colonization (%). Means followed by the same letters are
not significantly different according to Duncan’s multiple range test at the level p< 0.01
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Figure 7- Interaction of nitrogen levels (0, 2, 6 and 10 mM) and AM fungi on nitrogen concentration in root (%). Means
followed by the same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.01
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test at the level p< 0.01
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Figure 9- Interaction of nitrogen levels (0, 2, 6 and 10 mM) and AM fungi on nitrogen concentration (%) in a) shoot and b)
root. Means followed by the same letters are not significantly different according to Duncan’s multiple range test at the level

p<0.01
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Table 2- Effect of nitrogen levels (0, 2, 6 and 10 mM), AM fungi and hizobium bacterium on sand glomalin production (ug/g
sand), nitrogen concentration in shoot (%) and nitrogen concentration inroot (%)
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Introduction: Glomalin is a specific glycoprotein produced by the fungi belonging to phylum
Glomeromycota and plays a key role in soil carbon and nitrogen storage. This also has a significant role in the
stable aggregates formation and establishment of microbial communities in soil. Assimilated plant C which is
allocated to the mycorrhizal fungus, appears as a recalcitrant glycoprotein (glomalin) in cell walls of hyphae and
spores. Considering global warming due to increasing greenhouse gases, this phenomenon cab be important in
carbon sequestration and reducing CO- in atmosphere. Chemical fertilizers can affect symbiotic relations of
these fungi, which in turn affect glomalin production.

Materials and Methods: In a factorial completely randomized design with three replication, clover plants
(Trifolium repense L.) were included with Rhizophagus irregularis and/or Rhizobium leguminosarum bv.
Trifolii. Four levels of nitrogen (0, 2, 6 and 10 mM as nitrate) in Newman & Romheld nutrient solution were
applied to the pots containing 1.5 kg sterile sand. The pots were daily irrigated with nutrient solution containing
the above-mentioned levels of nitrogen. Clover plants were excised after 12 weeks of growth. Fine roots were
cleaned with %10 KOH and then stained using lactoglycerol trypan blue. Root colonization percentage was
determined by grid line intersections method (GLM) described by Norrif et al (1992). For glomalin extraction,
hyphal or root samples were autoclaved at 121 °C with 50 mM sodium citrate buffer for 60 min in three cycles.
Sand glomalin (SG) and root glomalin (RG) were measured by Bradford method after extraction. Nitrogen
concentration in shoot and root was measured according to the standard method.

Results and Discussion: By increasing nitrogen level, the SG significantly decreased (p < 0.01), and at 2
mM, a 63.5 % decrease in SG was observed with relative to the nitrogen-free control. In the rhizobial treated
pots, SG production increased by fungal inoculation (p < 0.01). The interaction between bacteria and AM was
also significant in production of SG. At the presence of rhizobium bacteria, glomalin production by AM fungi
increased significantly. The changes of glomalin content were not impacted by the presence of bacteria in the
uninoculated pots with fungi. The highest amount of SG was recorded in the co-inoculated plants with nitrogen-
free level. The amount of RG enhanced by increasing nitrogen concentration in nutrient solution. At 10 mM, RG
increased by 12.90 %, 11.91 % and 1.44 % compared to the levels of 0, 2 and 6 mM, respectively. As the
nitrogen level increased, the percentage of root colonization increased with respect to the control. Nitrogen
concentration in shoot and root was enhanced by N increment to 10mM.

Conclusion: Carbon sequestration via glomali synthase by AM fungi is an important pathway for capturing
CO; from atmosphere. Field management measures help AM development of glomalin production. Based on our
results, co-inoculated plants with AM and rhizobuim seem to positively affect the production of this
glycoprotein. On the other hand, SG decreased significantly by increasing nitrogen concentrations in the nutrient
solution. RG, however, increased significantly as a result of increased nitrogen in both fungal inoculations. The
highest amount of RG was recorded in the co-inoculated plants with 10mM level. Glomalin synthesis by the
fungi is positively affected by the soil nitrogen availability. Nitrogen is the main constituent of this glycoprotein.
Plant photosynthates are translocated to the fungal organs via roots and mainly utilized for glomalin synthesis in
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hyphal and spore cell walls. During this process, nitrogen plays an important role as a constituent of the
glycoprotein. The Bradford method was used for glomalin determination in this study. The method is not
specific for glomalin and can also measure other glomalin related proteins and glycoproteins. Other proteins
increased by N fertilization can hence be measured based on Bradford method. Once plant assimilates are
translocated to the fungi, they may be transformed to the nitrogenous compounds if sufficient nitrogen sources
are available. Accordingly, a considerable amount of fixed carbon is assimilated in fungal organs and soil
particles. It can be concluded that carbon sequestration by arbuscular mycorrhizal symbiosis in terrestrial
ecosystems can be improved by N fertilization at optimum level. In addition, the presence of rhizobium bacteria
can meet the nitrogen requirement of plants through biological stabilization of nitrogen.

Keywords: Arbuscular mycorrhizal fungi, Bradford, Glomalin, Nitrogen, Rhizobium
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Figure 1- Location of synoptic stations and overlying regular gridded network 0.25 x 0.25 degrees AQMERRA data in studied
area
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Table 1- Characteristics, available weather data period and variables for the meteorological stations
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Synoptic station e(vri)lon Latituae Longitude (decimal Climate e?)eﬁg d aa Available weather variables

(decimal degrees)
degrees)
Pl <oy 950.40 35.25 60.58 S 4ed19030000 T, Tmin, Srad, prat, wndspd
Torbat Jam Semi-arid
k> <0 1450.80 36.27 59.22 S el 989 9010 Tmax, Tmin, Srad, prat
Tobat Heydarieh Semi-arid
g 972.00 36.20 57.65 44., 1982-2010 Tmax, Tmin, Srad, prat, wndspd
Sabzevar Semi-arid
S 235.00 36.53 61.17 Joiee 1991-2010 Tmax, Tmin, Srad, prat
Sarakhs Temperate
ol 1287.00 37.07 58.50 Jsae 1991-2010 Tmax, Tmin, Srad, prat, wndspd
Ghoochan Temperate
1109.70 35.20 58.47 o 1991-2010 Tmax, Tmin, Srad, prat, wndspd
Kashmar Semi-arid
LS 1056.00 34.35 58.68 1991-2010 Tmax, Tmin, Srad, prat
Gonabad Arid
et 999.20 36.27 59.63 Joiee 1980-2010  Twmax, Tmin, Srad, prat, wndspd
Mashhad Temperate
ol 1213.00 36.27 58.80 4“ 1992-2010 Tmax, Tmin, Srad, prat, wndspd
Neyshabour Semi-arid

Kbl o b oy 9 (SH)b gyt mubnds (JBls (glod STas glod Sy a5 4 Wdspd g prat Srad Tmin Tmax
Tmax, Tmin, Srad, prat and wndspd are maximum temperature, minimum temperature, solar radiation, precipitation and wind speed, respectively
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1- Crop water requirement
2- Cropping System Model-Crop Environment
Resource Synthesis-Wheat
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Table 3- Comparison of AQMERRA versus observed wind speed in the studied areas
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b, m, r2, RMSE, NRMSE and Obs. mean are intercept, slope, coefficient of determination, root mean square error, normalized root
mean square error and observed mean, respectively
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Table 5- Frequency of false wet and false dry days in AQMERRA gridded weather data in the studied areas
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Figure 2- Box plots of simulated crop water requirement during growth season of rainfed wheat using observed weather data
(OWD) and AgMERRA in the studied areas
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Figure 3- Deviation inter-annual coefficient of variation (CV) in crop water requirement/yield simulated with AQMERRA
weather data from long-term average CV simulated entirely with OWD in the studied areas
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Figure 4- Deviation of long-term average crop water requirement/yield simulated with AQMERRA weather data from
longterm average simulated entirely with OWD in the studied areas
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Figure 5- Box plots of simulated yield of rainfed wheat using observed weather data (OWD) and AQMERRA in the studied
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Introduction: Estimating crop water requirement, crop yield and their temporal and spatial variability using
crop simulation models are essential for analysis of food security, assessing impact of current and future climates
on crop yield and yield gap analysis, however it requires long-term historical daily weather data to obtain robust
predictions. Depending on the degree of weather variability among years, at least 10-20 years of daily weather
data are necessary for reliable estimates of crop yield and its inter-annual variability. In many regions where
crops are grown, daily weather data of sufficient quality and duration are not available. In this way, gridded
weather databases with complete terrestrial coverage are available which require comprehensive validation
before any application. These weather databases typically derived from global circulation computer models,
interpolated weather station data or remotely sensed surface data from satellites. The aims of this study were to
evaluate differences between grided AQMERRA weather data and ground observed data and quantify the impact
of such differences on simulated water requirement and yield of rainfed wheat at 9 different locations in
Khorasan Razavi province.

Materials and Methods: AQMERRA dataset (NASA’s Modern-Era Retrospective analysis for Research and
Applications) was selected as the girded weather data source for use in this study because it is publically
accessible. We evaluated AgQMERRA weather data against observed weather data (OWD) from 9 meteorological
stations (Torbat Jam, Torbat Heydarieh, Sabzevar, Sarakhs, Ghoochan, Kashmar, Gonabad, Mashhad, and
Neyshabour) in Khorasan Razavi province. For each weather variable (solar radiation, maximum temperature,
minimum temperature, precipitation, and wind speed), the degree of correlation and agreement between OWD
and AgMERRA data for the grid cell in which weather stations were located were evaluated. The intercept (b),
slope (m), and coefficient of determination (r?) of the linear regression were calculated to determine the strength
and bias of the relationship, while the root mean square error (RMSE) and normalized root mean square error
(NRMSE) were computed to measure the degree of agreement between data sources. Crop water requirement or
actual crop evapotranspiration (ETc) under standard condition was computed using CROPWAT 8.0. The CSM-
CERES-Wheat (Cropping System Model-Crop Environment Resource Synthesis-Wheat) model, included in the
Decision Support System for Agrotechnology Transfer (DSSAT v4.6) software package was used to calculate
rainfed wheat yield. For each location in this study, rainfed wheat grain yield and water requirement were
simulated using ground-observed and AgQMERRA weather data and outputs were compared with each other.

Results and Discussion: The results of this study showed that AQMERRA daily maximum and minimum
temperature and solar radiation showed strong correlation and good agreement with data from ground weather
stations. AQMERRA daily precipitation had low correlation and good agreement (mean r2= 0.34, RMSE= 2.25
mm and NRMSE= 4.94% across the 9 locations) with OWD daily values, but correlation with 15-day
precipitation totals were much better (mean r2 >0.7 across the 9 locations). There was reasonable agreement
between a number of observed dry and wet days with AQMERRA compared to OWD. Results indicated that
coefficient of variation of simulated water requirement and yield using AQMERRA weather data was remarkably
similar to the degree of variation observed in simulated water requirement and yield using OWD at all locations
(distribution of CVs in simulated water requirement and yield using AQMERRA weather data were within +5%
of the CV calculated for simulated water requirement and yield using observed weather data) except Torbat Jam,
Torbat Heydarieh and Gonabad for water requirement and Mashhad, Kashmar and Ghoochan for yield. There
was good agreement between long-term average yield simulated with AQMERRA weather data and long-term
average yield simulated using observed weather data. For example, the distribution of simulated yields using
AgMERRA data was within 10% of the simulated yields using observed data at all locations. Using AQMERRA
weather data resulted in simulated crop water requirement that were not in close agreement with crop water
requirement simulated with ground station data at two location including Gonabad and Torbat Heydarieh.

Conclusions: These results supported the use of uncorrected AQMERRA daily maximum and minimum
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temperature and solar radiation in areas that their weather stations only have a few years of daily weather records
available or areas without weather station. Considering the advantage of continuous coverage and availability,
use of AQMERRA dataset appears to be a promising option for simulation of long-term average yield and water
requirement, as well as for assessing impact of climate change on crop production and also estimating the
magnitude of existing gaps between yield potential and current average farm yield in Khorasan Razavi province.
But they are not very reliable for accurate simulation of water requirement and yield in a specific year and
estimate their inter-annual variation.

Keywords: Crop model, Precipitation, Regression, Weather data
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Figure 1- Location of the study area in the country
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Table 1- Five Parameters of Evaporation Station Temperature
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Table 2- Characteristics of hydrometric stations in Hashtgerd aquifer
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Figure 2- average long-term monthly precipitation of Karim Abad station in karaj (Figure a)
and average discharge at active hydrometric stations in the area (Figure. b)
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Figure 3 - Piezometric network in Hashtgerd aquifer
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Table 3- Entrance sections to Hashtgerd aquifer

$3959 Ol o DN Wt g (O N .
(MCM) (m3/day) (_T 1s) st uﬁbu SS9y (m) gb.o_,l SH (m) s = (m)Jsb g a_,h»»
ransferability i Height - Section
Entrance flow  Flow (m3/ (m2/s) Hydraulic difference(m)  Vidth(m) - Length(m) 1 per
(MCM) day) gradient
53.08 147400 1100 0.02 10 500 6700 1
20.59 56400 600 0.02 10 500 4700 2
13.09 35854 1500 0.005 10 2050 4900 3
6.48 17767 1300 0.003 7 2100 4100 4
1.05 2864 100 0.004 6 1676 800 5
0.51 1395 700 0.001 5 4266 1700 6
1.09 2994 500 0.004 7 1695 1450 7
96.61 total JS' sex
Output section sg,5 alis

1.01 2763 500 0.003 5 1900 2100 1
2.63 7200 500 0.005 8 1500 2700 2
4.38 12000 500 0.002 6 3500 14000 3
12.46 34125 1300 0.025 10 400 1050 4
20.47 total JS' ges
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Figure 4- Input and output sections of groundwater in Hashtgerd aquifer
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Table 4- Summary of Groundwater balance of Hashtgerd aquifer- MCM (Numbers unit: Million Cubic Meters)

Clpad ol p SRy bl jlaks ol 398 ol 398 31 3583 Sl 5 3gk ol
032 E\;?g%r?rt]ieon Drainage 03503 of O s S S ys Sl e Penegrfation 03)
nsrsronnd aauier D Ser e ke g o
% resources Penetration Penetration Penetration Entrance
of returned of of underground
water, agricultural surface flow
Drinking returned flow
and water
industrial
20.47 . . 306.84 18.34 106.64 58.87 27.38 96.61
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Figure 5- The simulation process of rainfall-runoff IHACRES model with linear and nonlinear modules
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Table 5- Evaluation of the IHACRES model at calibration stage for Najmabad Station

Statistical index Value

Statistical index

Bias 0.5

(U > yiocdua) by poe £90om0 ) LS

Error in total flow volume (millimeter per year)

Rel.Bias 0.346

by 2 Egetme (o sl
Relative error in total flow volume

(u,w..» w)m) o4 d}bdﬁﬁ; «9 UJLLQLMA @ O cunls o)‘L\jl

R Squared

R2-sqrt 0.753

0.568 The size of the fit between the observed discharge and the flow rate simulated
Coefficient of determination))

O o pd (b))

Evaluate the Coefficient of Determination
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Figure 6- Validation results of the hydrologic model
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Figure 7- Changes in the minimum monthly temperature in the upcoming period
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Figure 8- The monthly and annual maximum temperature changes in future period compared to the base course
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Figure 9- Monthly and annual rainfall percentage changes in the coming period compared to the base course
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Figure 10- Unit hydrograph in Hashtgerd aquifer under climate change conditions
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Introduction: After the industrialization period, when humankind was able to multiply the speed and
quantity of its production, the planet faced a new crisis, although this crisis was less known until the late 20th
century. From the last years of the 20th century, the term of change has been added to the scientific literature of
the world. The main reasons are the change in the phenomenon of blockage of greenhouse gases, especially
carbon dioxide in the atmosphere of the planet. In this research, while introducing CMIP models under RCP
scenarios, modeling of groundwater fluctuations using the MODFLOW numerical code is dominated by GMS
software. The LarsWG software was used for statistical exponential measurements. Groundwater changes in the
study area (Hashtgerd) are of great importance to the people of this region due to the proximity of the area to
Tehran and the availability of horticultural products. The main objective of this research is to investigate the
future fluctuations of groundwater in Hashtgerd plain over the next period from 2015 to 2040 using the
HADGEM?2 model under two scenarios RCP2.6 and RCP8.5. Innovations of this scheme include the use of the
HadGEM2 climatic model to investigate the variation of underground water fluctuations.

Materials and Methods: In order to study and model the aquifer using the finite difference method and the
Modflow model, the first step in the spatial division of the study area into a square or rectangular cell or
network. Therefore, using topographic maps 1: 25000 of the Army Mapping Organization, the topographic layer
was extracted and digitally extracted. Based on the 14 piezometers in the aquifer area, the potential lines were
plotted and entered into the model as the initial staging level. In order to determine the thickness of the saturation
layer, based on the geophysics in the aquifer, the bedrock was also introduced into the model network. In
addition, to accurately evaluate the design of the network and its cells in the aquifer area, the hydrodynamic,
feeding and evacuation characteristics of the aquifer within a cell are assumed the same. It is necessary to select
smaller dimensions in areas where hydrological and hydrodynamic characteristics of the aquifer are significant at
low distances, or that parts of the aquifer are studied for specific cases. Otherwise, it is not necessary to reduce
the size of the cells. According to aquifer conditions, cells with 500 * 500 square meters area were selected.
Calibration and verification were used in two steady state (one year data) and non-residual (full statistical
period), each used for estimation of hydraulic conduction values and storage factor.

Results and Discussion: After calibration of the groundwater model in steady state, the hydraulic
conductivity of the aquifer in different locations is in the range of 0.5 to 19 meters. In order to run the model in
an unstable state, time intervals must be defined for the model. The time interval in modeling is defined in terms
of both the stress period and the time step which must be defined before the definition of other parameters such
as power and discharge conditions in unstable conditions. In the Hashtgerd plain, the length of the one-month
stress period and the monthly measurements of the water level in piezometers, the time step were also selected
for a month. Therefore, in order to simulate the groundwater flow, the study area for the unstable state was
defined from October 2007 to late December 2013 for six years and three months for the model and the
conceptual model was changed from unstable to unstable state. Therefore, data on surface water in rivers, the
feeding of rainfall and return water from wells, pumping rates from wells, hydraulic load of boundary conditions,
and groundwater surface data in piezometers were introduced monthly into a conceptual model. In addition, in
an unstable state, the specific discharge parameter must be defined for the model. After implementation of the
model in unstable conditions, special discharge rates were optimized. The amount of specially tailored discharge
in the study area varies from 0.001 to 0.27. It should be noted that at this stage, the resource and expenditure
statistics of 2008 were used. After constructing groundwater and surface water models for the base period,
maintaining the existing coefficients and parameters, changing the rainfall and temperature values for the future
period, first, the amount of surface water flow changes for the future period and then using the amount of
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nutrition The groundwater entered the model. Future modeling showed that surface runoff variations would be
about 7 percent lower for RCP 2.5 and 19 percent for the RCP scenario of 8.5. Nutrition also includes nutrition
from the rainfall. For the upcoming period, changes in land use and land use counts are considered constant.
With rainfall changes under the two scenarios, the aquifer is projected to drop by about 12 m by 2040 for the
RCP scenario of 2.6 and for the RCP scenario of 8.5 by 18 m.

Conclusions: After simulating the meteorological component by the HadGEM2 model introduced in AR5
using LarsWG software and applying future changes in rainfall and temperature on the IHACRES model and
ModFlow model under GMS software for the two scenarios RCP2.6 and RCP 8.5, respectively. Due to the
temperature rise of 1.8 ° C in the worst case and different rainfall variations in different months, it was found
that runoff would be about 15% for the first scenario and 20% for the second scenario. The same factors are
because the level of penetration into groundwater through snow melting as well as precipitation along with
surface runoff is one of the important factors in feeding to the aquifer. Given the constant maintenance of
groundwater withdrawals in the coming years, it was found that the aquifer will drop by about 12 m for the
scenario RCP 2.6 by 2040, and for the RCP 8.5 scenario, it will drop by 18 m.

Keywords: HadGEM2, Hashtgerd Plain, IHACRES, Modflow
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