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PREFACE I

The 8" International Congress on Soil Science was held at
the Altinyunus Hotel in Cesme, Izmir, Turkey, from May 15th to
17th, 2012. The theme for this year was “Land Degradation and
Challenges in Sustainable Soil Management”. The congress was
organized by Ege University’s Department of Soil Science and
Plant Nutrition, (Agricultural Faculty), and The Soil Science Society
of Turkey (SSST). The congress also hosted the 6th International
Conference on Land Degradation (ICLD).

The organization of International Soil Science Congresses is
a long established custom for the SSST.

The 8 congresses held so far are listed below:

1998, Izmir: 1* International Congress on Soil Science
2000, Konya: 2" International Congress on Soil Science
2002, Canakkale: 3 International Congress on Soil Science,

organised by Onsekiz Mart University

2004, Erzurum: 4™ International Congress on Soil Science,
organised by Atatlirk University

2006, Sanliurfa: 5™ International Congress on Soil Science,
organised by Harran University

2008, Aydin: 6" International Congress on Soil Science,
organised by Adnan Menderes University

2010, Samsun: 7™ International Congress on Soil Science,
organised by Ondokuz Mayis University

2012, Izmir: 8™ International Congress on Soil Science,
organised by Ege University

For this 8" International Congress we received more than one
thousand abstracts from 54 countries worldwide. After a rigorous
evaluation process, 655 of these were chosen for presentation either
as seminars or posters during the congress.

There were two plenary lecturers: Prof. Richard Dick from
Ohio State University, spoke on soil microbiology and Prof. Dr.
Sergei Shoba from the Faculty of Soil Science, Lomonosov Moscow
State University, talked about the challenges of soil degradation in
arid areas.

The papers have been organized into five volumes according
to topics for the Congress Proceedings Book The on-line version of
these volumes is accessible at: http://www.soilcongress.ege.edu.tr.

We would like to take this opportunity to express our thanks
to all the authors for their efforts in the preparation of these excellent
contributions.

Yusuf KURUCU, Ph.D in Soil Science
Chair, The 8" ISSC 2012
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PREFACE 11

Today the world community has recognized the importance of
sustainable use of soil, which is one of the key life-supporting
components on the earth. As suggested in UN Conference on
Environment and Development (UNCED) in 1992, soil degradation
caused by over exploitation of fragile resources and misuse of
marginal areas, degrease of potential agricultural areas by sealing,
uneven distribution of potentially cultivable areas, declining trends
in per capita food production, lack of adaptation of improved
technologies by subsistence farmers, non-availability of essential
off-farm input to resource poor farmers, and problems such as soil-
mining should be considered in soil resources management plans.

Action programs are needed to protect and improve soil health
by developing thematic strategies toward protecting soils from
numerous of threads such as erosion, decline of organic matter
content and biodiversity, sealing, soil salinizaiton, alkalinizitaion,
flooding, and many others. Function of soils in environment in
relation to human activates should be understood well to manage the
soils without declining their quality. Unique role of a specific soil
type for environment and human activities should be considered in
managing soils to secure soil health, water quality, and food and
fiber production for future generations. The evidence that we all
depend on the thin layer of earth should be articulated to the people
with no knowledge of soil and its importance. In addition, high
quality technical information should be available and ready for
growers, decision makers, government agencies, and so on for an
effective use of science and technology in soil management.

This congress was organized to discuss issues in “land
degradation and challenges in soil management”. Interactions
among soils, land degradation, and desertification were discussed
and importance of soils for a better environmental quality and food
security was stressed in the three-day congress. Poster and oral
presentations covered a large spectrum of subject areas; including
computer modeling, digital mapping, and new techniques and
technologies used in data mining, decision making, and other related
areas.

I trust that this proceeding will make a vigorous contribution
to theoretical and practical soil science, and generate a prolific
interest for appreciation of soil’s importance to public well-being. 1
thank Organizing Committee and all worked and appreciate them for
this high quality work.

Sabit ERSAHIN, Ph.D in Soil Physics
President of Soil Sicence Society of Turkey
President of The Eurasian Federation of Soil Science Societies
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Native Shrubs Piliostigma reticulatum and Guiera senegalensis as Companion Plants:
Rhizosphere Hydrology and Microbiology in Relation to Crop Productivity in the
Sahel

R.P. Dick', M. Sene’, M. Diack’, M. Khouma®, A. Badiane®, S. A.N.A Samba®, 1. Diedhiou®, A.
Lufafa’, E. Dossa®, F. Kizito’, S. Diedhiou'’, J. Noller'’, and M. Dragila10

! School of Environment and Natural Resource, Ohio State University, Columbus, OH, USA;
*Sciences du Sol, Institut Sénégalais de Recherches Agricoles (ISRA)/ CERAAS, Thiés, Sénégal ;
*Unversity of Gaston Berger, St. Louis, Sénégal ;

*UNOPS Dakar, Sénégal ;

SUSAID/ Sénégal, Dakar, Sénégal ;

®Unversity of Thigs, Thigs, Sénéga ;

"World Bank, Washington, D.C. USA ;

®International Fertilizer Development Center, Accra, Ghana ;

°California Water Board, Davis California, USA ;

°Oregon State University, Department of Crop and Soil Sciences, Corvallis, OR USA

The Sahel is experiencing landscape and soil degradation that reduces food and economic security
of rural, underprivileged communities that depend on ecosystem services. The Parkland system of
randomly distributed trees is an approach to address these challenges, but trees are slow growing
and can compete with crops for water and nutrients. Conversely, two native shrubs, Piliostigma
reticulatum and Guiera senegalensis, coexist in farmers’ fields throughout the Sahel and until
recently have largely been overlooked. It is well established that organic matter input to the soil is
critical for improving soil quality and optimizing nutrient and water efficiencies, and ultimately
crop productivity in the Sahel. Various non-indigenous vegetative systems have been proposed for
the Sahel, but with limited adoption in cropped fields. Consequently, these two shrubs being
indigenous and already found in farmers’ fields to varying degrees, hold potential to meet these
challenges. Unfortunately, the current management of spring coppicing and burning prior to
cropping, is not utilizing this organic matter effectively. There has been very little research on how
to ecologically or agronomically manage these shrubs. Therefore, the global objective was to
determine the unrecognized ecological function of these shrubs in agroecosystems of Senegal that
are representative the Sahel. To test these hypotheses, our team over the last 5 years, has
conducted extensive field based investigations in the Peanut Basin of Senegal that included: ground
surveys and remote sensing to determine the landscape levels of shrub C and biomass; hydrology
and water relations between shrubs and crops; rhizosphere microbiology; residue decomposition; N
and P cycling in relation to crops; and crop productivity. The project, funded by US National
Science Foundation, graduated 4 PhD students and 3 post docs. The major findings in Senegal are

that:

shrubs are by far the largest source of organic matter on the landscape in cropped fields

e shrubs increase soil quality

e decomposition rates are rapid enough to allow non-thermal residue management

e shrub roots perform hydraulic lift by moving water from wet sub- to dry surface-soils that

appears to drive microbial processes year around and assist crops through drought periods
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PLENARY LECTURES

shrub roots recharge groundwater in the rainy season, reducing runoff and conserving water

shrub rhizospheres promote microbial diversity and may harbour beneficial microbes

intercropped shrubs do not compete with crops and actually stimulate yield by >50%

repeated application of these low quality residues (in absence of live shrubs) begins increasing

yields after 2 years.

Keywords: Piliostigma reticulatum, Guiera senegalensis, soil remediation, Sahel, crop
productivity
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Soil Degradation Challenge in Arid Areas: The Role of Soil Databases and Soil
Information Tools

Sergey Shoba**, Pavel Krasilnikovb, Alexander Makeevb, Alexander Ivanov®,

Varvara Kolesnikova®, Irina Alyabina®
 Faculty of Soil Science, Lomonosov Moscow State University, Leninskie Gory, Moscow, Russia
® Eurasian Center of Food Security, Lomonosov Moscow State University, Leninskie Gory, Moscow, Russia
*Corresponding Author: soil. msu@mail.ru

Abstract

Soil degradation is the biggest challenge to food security in the new millennium. Climatic change and
increasing human pressure on ecosystems results in the extensive degradation of landscapes, especially in dry
areas. Desertification is the major problem for agricultural development and for providing food for
population in many regions of the world, including Eurasia. Both the south of Russia and neighboring suffer
desertification, which consists of various complex processes, including the processes of soil degradation,
such as salinization, compaction, organic matter loss etc.

In the context of soil conservation and protection we should develop scientific tools for effective prognosis of
short-term and long-term soil degradation under scenarios of different land use and different paths of climatic
changes. A reliable prediction is possible only on the basis of the most complete information on actual soil
resources. The first component of soil information is the presence of soil databases, which allow spatial
interpolation, data mining, and spatial and temporal modeling. The necessary feature of these databases
should be a user-friendly format of data storage that allows multiple data management.

Our actual activities are aimed at the development of soil data storage system, the tools for effective soil data
management, and the collection of legacy soil data. The main issues to be solved are poor compatibility of
data in different regions, imprecise coordinates of soil pits in previous surveys, and low response from
regional administrative bodies. However, with increasing desertification the attention to soil data should
increase.

Keywords: land resources, sustainable development, risk evaluation, Russia, Central Asia.

Introduction

Despite of the impressive progress in technology, modern civilization is still completely
based on agricultural production. The entire population of the Earth depends on the
products obtained from soil either as crops or as forage. The development in agricultural
technology is impressive, and now we can produce much more yields than few decades
ago from the same area (Shoba, 2009). However, the population is growing rapidly, and we
do not know, if the increase in productivity can compensate the increasing need in food
and a loss of productive lands. The loss of productive arable lands is a widespread process
that takes place all over the world due to various reasons, such as urbanization, soil
erosion, desertification and many others. Some of these reasons are universal, and some of
them are landscape-specific. One of the most vulnerable zones is the arid belt of Eurasia
that is strongly affected by a complex of degradation processes associated with
desertification.

Desertification is the major challenge for land management in many Eurasian countries. In
the most severe cases we have to make difficult decisions on land use change and even
change the whole strategy of the development of national economy. Soil degradation leads
to food insecurity, poverty, and thus social instability. Even if a state has stable economy
based on industrial production or mining industry, agriculture is a life-spring for millions
of people who inhabit dry areas. For their sustainable living we should maintain a certain
level of soil productivity, even taking into account progressing climatic changes.

For maintaining soil productivity and for successful planning of soil improvement and
management we should have a complete set of data that characterize soil and water quality.
In this short review we tried to show the state-of the art with soil resources information in
Russia and neighboring Central Asian countries, and to outline the perspectives for future
development.
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Soil information in Russian drylands

Though Russia is traditionally considered to be a cold and humid country, its vast territory
also possesses some areas with dry climates, where soils run the peril of drought (Fig. 1).
These areas are localized mainly along the southern border of Russia, both in the European
and Asian parts. The soils in these dry areas are affected by the degradation processes,
which are common for most arid regions, such as salinization, alkalinization, wind erosion,
and desertification (that is understood as a complex combined process). A comparison of
the maps of drought probability and the distribution of the processes of soil degradation
(Fig. 2) shows that there is a good agreement between dry soil regime and the distribution
of the specific degradation processes mentioned above. Speaking more specifically, such
process as salinization is widespread mostly in the southern part of European Russia, in
Dagestan and Kalmyk Republics and in Volgograd region. In Asia most of saline soils are
found in Novosibirsk, Omsk, and Altay regions. Alkaline soils are common in Kalmyk
Republic and Volgograd region in European part of the country, and in Novosibirsk and
Omsk regions in Siberia. Though desertification is not very common in Russia, being
active only at 7% of the national territory, it strongly affects agricultural production. This
negative process is especially dangerous in Kalmyk and Dagestan Republics, Astrakhan,
Volgograd and Rostov regions (with lesser extent in Orenburg and Saratov regions) in
European Russia, and in Altay and Omsk regions and Tuva, Khakassia, and Buryatia
Republics in Siberia.

The processes of wind erosion are very active in dry areas. Totally 8.4% of the agricultural
lands in Russia are affected by deflation; these are localized mainly in Stavropol and
Krasnodar regions and in Kalmyk and Dagestan Republics (European part of Russia) and
in Altay region and Khakassia Republic (Siberia).
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Fig.1. Schematic map of the probability of soil drought in Russian Federation. Red colour shows the
probability of drought more than 50% (Shoba, 2011).
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The other negative process usually associated with desertification is the loss of soil organic
carbon. In the arid regions of Russia the balance of soil organic carbon is strongly negative
that shows that the organic matter decomposes quickly in these soils (Fig. 3). Though arid
soils usually have a positive balance of carbon from the point of view of global carbon
cycling due to accumulation of carbonates, the loss of organic matter is a negative process
resulting in the degradation of soil physical and chemical properties and in the decline of
soil fertility.

In the context of soil conservation and protection we should develop scientific tools for
effective prognosis of short-term and long-term soil degradation under scenarios of
different land use and different paths of climatic changes. A reliable prediction is possible
only on the basis of the most complete information on actual soil resources.

During the second part of the 20™ century the soils of Russian drylands have been
extensively studied, that allowed the development of soil and land evaluation maps of
various scales, starting from the most detailed (1:10,000) to the most general (Shoba et al.,
2010). These maps are valuable sources of information, but they have certain
disadvantages. First, particular soil profiles seldom have exact coordinates. Second, some
data are already outdated after several decades of anthropogenic transformation of soils.
Third, the major part of this information existed only in paper form, and some important
blocks of information are already lost.

Actually for successful soil data management, the first component of soil information is the
presence of soil databases, which allow spatial interpolation, data mining, and spatial and
temporal modeling (Panagos et al., 2012). Leaving apart an urgent need for updating soil
data, the closest and the most reliable task is the development of soil database for Russia
and possibly for neighboring countries. The necessary feature of this database should be a
user-friendly format of data storage that allows multiple data management.

Fig.2. A schematic map of the processes of soil degradation in Russian Federation. Dark blue colour is
for wind erosion, and yellow — for desertification (Shoba, 2011).
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The development of such a soil geographical database started at the Faculty of Soil Science
of Lomonosov Moscow State University several years ago (Shoba et al., 2008). The main
blocks of the soil geographic database are the geographic database and the specialized
attributive database (Rojkov et al., 2010). Relational Database Management (RDMS)
System is used for data storage and processing. The Geographic Information Soil Database
(GISD) forms the cartographic basis of the State Soil-Geographic Database of Russia. It
consists of two digital coverages in MapInfo Professional. COVERAGE 1 is a digital map
uniting the Soil Map of the RSFSR on a scale of 1: 2.5 M edited by Fridland (1988), and
the digital map of the soil-ecological zoning of Russia. COVERAGE 2 is the digital map of
the administrative division of Russia at a scale of 1:1 M. The soil profile (attributive)
database of Russia is based on the concept of representative soil profiles (Kolesnikova et
al., 2010). The database has a hierarchical structure ensuring soil description at several
levels: SOIL-PIT-PROFILE-HORIZON-SAMPLE. The main object of the database is a
specific soil profile with a set of soil horizons characterized by attributive data. The
representative profiles should have an exact geographical location and be provided with a
morphological description and a complete set of analytical data. The necessary conditions
for the selection of representative profiles are: strict gridding of each soil profile, the most
complete description of soil morphology, and the most extensive list of analytical soil
characteristics (Shoba et al., 2011). The method of analysis, the units of measurement and
the range of variation of each soil characteristic included in the database should be
indispensably mentioned. For facilitating that, we developed uniform standards for soil
information. The Program Soil-DB allows a provider of information to login in the site, to
create and fill the soil description card, and to send it through Internet to the central server
of the system (Anonimous, 2008). All necessary information on the properties and
composition of soils is acquired by selecting representative soil profiles characterizing the
main soil types in a generalized legend to the soil map on a scale of 1:2.5 M. Recently we
started a joint project with neighboring countries for harmonizing the Russian, Ukrainian,
and Belorussian soil databases.

Fig.3. A schematic map of the balance of soil organic carbon in Russian Federation. Dark brown colour
indicates strongly negative balance (Shoba, 2011).
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Soil information in Central Asia

In the USSR the Central Asian region was always one of the most important centers of
agriculture, because the climate allowed mellow-growing and especially extensive cotton
production, which was impossible in other parts of the country. This epoch was both a time
of great achievements in agriculture and a period of major negative impact on soils,
especially related to secondary salinization. Several big state institutions and companies
worked on the development of maps and explanatory notes on the land and water resources
of Central Asia, with an emphasis on land improvement (irrigation, irrigation with
drainage, chemical amelioration etc.). These data are important sources of information.
Actually the Eurasian Center for Food Security of Lomonosov Moscow State University
works on digitizing and publishing these materials on the web. Apart from this effort, we
are discussing the possibility to include the information available on soil profiles of Central
Asian countries in the joint Soil Database of Russia, Ukraine and Belorussia. We suggest
using Soil DB tools for uploading the available soil information in Central Asia. The
advantage of Russian Soil Database is that it can be easily converted to other soil database.
Thus, the information would be integrated in the international data storage.

In Central Asia soil information obtained during the second part of the 20™ century is of
particular importance, because it can be used as a reference for soil monitoring, especially
for irrigated areas suffering strong anthropogenic impact that have lead to soil salinization.
The use of time series of remote sensing data may be also a good option for soil
monitoring.

Perspectives of the use of soil databases

The perspectives for the future use and management of soil databases may be grouped in
two main lines of research. Firstly, extensive soil information allows spatial modeling, and,
secondly, it allows the prediction of the dynamics of soils on the basis of data mining,
pedotransfer functions and dynamic models of the processes of soil degradation. These two
lines are commonly interlinked, if we need to perform a spatial prediction of modeled
variables.

The development of pedotransfer functions is of major importance for successful
development of the guidelines for soil monitoring, land management planning and soil
improvement. Usually the final user of soil information needs data in a format completely
different from the primary soil data. The decision-makers do not care about pH values or
electrical conductivity, they have to know, if the productivity of crops will be high enough
to cover the investments to soil amelioration and management. This information may be
produced only on the basis of pedotransfer functions, which, in their turn, can be obtained
by data mining. For successful data mining we need thousands of soil profiler, otherwise
any prediction and modeling would be baseless. Thus, both the development of
information tools and filling the databases with reliable data are important components for
information support of agriculture in dry areas.

Our task is to bring essential soil information to the decision-makers. Unfortunately, until
now the response from regional administrative bodies is very low. However, now the
situation changes slowly, because the governing bodies start to understand that soil
degradation limits agricultural productivity, and, thus, the income of the population. Since
increasing desertification leads to a drastic decrease in available soil resources and
provides instability in agricultural production and food insecurity, the attention to soil data
should increase.
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Correlation between Aggregate Stability and Microbiological Activity in Tow Russian Soil
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Abstract

Two Russian soil type, soddy-podzolic soil from Vladimerskaya region and dark-gray forest soil from
Korskya region were taken .some microbiological parameters were assyed as basal respiration, substrate
induced respiration, microbial biomass, microbial metabolic coefficient and correlated with soil aggregate
stability concerning soil organic matter ,soil texture and soil bulk density . The result shown a positive
correlation between all microbiological parameters with soil aggregate stability at this rank, microbial
metabolic coefficient> microbial biomass= substrate induced respiration>basal respiration. Microbiological
parameters and soil aggregate stability in dark-gray forest soil are greater than soddy-podzolic soil except
basal respiration as a result of high organic content in this soil as will as the biomass as a percent of soil total
organic matter. aggregate disintegration coefficient of dark-gray forest soil is 0.0028 with R*0.927 and need
85 rain drop (equivalent to an energy of 83385 J Kg') greater than soddy-podzolic which had disintegration
coefficient 0.0039 with R*0.849 and needed only 40 rain drop (equivalent to an energy of 39240 J Kg™) .
Keywords: Substrate induced Respiration, Basal Respiration, Biomass, Aggregate Stability, SOM

INTRODUCTION

Microorganisms are the primary agents of aggregate stabilization. Both fungi and bacteria
contribute to stabilization of soil aggregates through deposition of extracellular polysaccharides
and formation of degraded, aromatic humic materials that form clay—polyvalent metal-organic
matter complexes. Though not as persistent, fungi also contribute to aggregate stabilization through
hyphal anchoring of particles. The influence of fungi and bacteria on aggregate stabilization varies
widely among species and depends considerably on the nature of the available substrates (Aspiras
et al. 1971) and on the products of rhizode positions (Reid and Goss 1981). Furthermore, the type
of land-use management can influence both the composition of microbial communities and their
contribution to aggregate stabilization (Beare et al. 1994).

Soil microbial biomass is one of the most important soil biological properties. It regulates many
critical processes in ecosystems, such as the biophysical integration of organic matter with soil
solid, aqueous and gaseous phases. It also becomes vital in regulating the quantity and quality of
components in the hydrologic cycle and in greenhouse gas emissions. The measurement of
microbial biomass is useful for describing biomass turnover in different ecosystems.

Aggregation is a product of interactions of the soil microbial community, mineral and organic
components, the composition of the above-ground plant community, and what has happened to the
ecosystem in the past (ZKemper and Koch, 1966; Tisdall and Oades,1982; Goldberg et al., 1988.).
In addition to an indirect role in aggregation and soil structure via their contribution to
humification, soil microorganisms also act directly. Bacteria and fungi exude -colloidal
polysaccharides that can glue soil particles. Soil fungi, for example, produce glomalin, which has
been demonstrated to represent a high proportion of soil organic matter promoting aggregate
formation (Rillig et al. 2002). The mechanical role of microorganisms is also considerable, given
their biomass of 40-200gm—2 and their hyphal structure (Dighton and Kooistra 1993; Thorn 1997)
that contributes to anchoring soil components to each other. The fungal mycelium has been
described as a ‘sticky string bag’ because it entangles particles within the hyphae network and
cements particles together through extracellular polysaccharide production (Oades and Waters,
1991).

Decomposition rates of organic matter (OM) in soil aggregates are reduced compared with OM not
associated with aggregates (Besnard et al., 1996; Angers et al., 1997). This has been attributed to
factors such as a reduced oxygen diffusion rate within aggregates (Sexstone et al., 1985) and the
physical separation of SOM from microflora and fauna (Hattori, 1988).

Soil aggregate stability is the result of complex interactions among biological, chemical, and
physical processes in the soil (Tisdall and Oades, 1982). Factors affecting aggregate stability can be
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grouped as abiotic (clay minerals, sesquioxides, exchangeable cations), biotic (soil organic matter,
activities of plant roots, soil fauna and microorganisms), and environmental (soil temperature and
moisture) (Chen et al., 1998). The aim of recent scientific work is to determine the most effective
microbiological parameters correlated with soil aggregate stability and to link with the soil organic
matter SOM.

Material and Method

Bulk soil samples were taken from two Russian soil type soddy-podzolic soil (mepHOBO-
nonzonucroit) from Vladimerskaya region (Bnanumupckas obnacts) and dark-gray forest soil from
Korskya region (Kypckas oOmactp), soil aggregate in 10 -20 mm diameter are taken for
microbiological and physical analysis from previous soils. Substrate-induced respiration (SIR)
method are used to determine microbial biomass C in soils, the theory behind this method is that
the initial rate of microbial CO2 production in response to a soluble energy-yielding substrate
would be proportional to the mass of organisms. This method was initially developed to distinguish
bacterial and fungal biomass, 100 g (oven-dry weight) are weighted and placed in to bags and
treated with 55-60% water holding capacity then incubated at 22 C° for 7 days,1 g soil from
incubated soil putted in vials by five replicates and 0.1 ml of 10% glucose solution were added to
each replicates and caped with a septum. Time recorded and incubated at 22 C° for 3 hours,
sample the headspace of the vial with a syringe and inject the 1 ml of gas into the Gas
Chromatography to determine the ISR, where 1 g soil putted in vials by 5 replicates are incubated
for 24 hours at 22 C° without adding glucose solution and measured by same way for Basic
Respiration, five vials are incubated without adding soil and glucose as control (BS) (Anderson,
Domsch,1978 ; Domsch et al.,1979)

Basal Respiration and Substrate Induced Respiration of soil are calculated:

SIR (ug C-CO2 /g soil - h) = (% volume CO2 sample - % volume CO2 air)-V vial (ml) - 12 pg
/mole - 60 - 10 / 22 mmole/pl - m dry weight - At (minute)

Soil microbial biomass calculated from SIR velocity by this function:

C microbial ( pg/ g soil) = (ul C-CO2/ g soil. h) - 40,04 + 0,37

Microbial Metabolic Coefficient calculated from the relation between basal and substrate induced
respiration QR = BR/SIR

The rate of soil aggregate disintegration were determined by two ways A/ wet sieving technique
were used to estimate the rate of soil aggregate disintegration using air dried samples of 4-8 mm in
diameter which obtained by sieving, 20 g of oven dried soil aggregate transferred to a sieve having
0.25 mm diameter apertures. The water level was adjusted so that the aggregate on the sieve were
just submerged at the highest point of oscillation. The oscillation rates were 40 cycles in minute,
the amplitude of the sieving action was 40 mm and the period of sieving ranged from 2- 90
minutes. The weight of soil aggregate retained was monitored after different shaking times (0, 5,
10, 20, 30, 40, 50,60, 70,80 and 90 minutes) according to (Yoder, 1936) B/ measuring the energy
required for aggregate disintegration using raindrop simulator which consists of 50-ml burette
installed at 1-m height to form raindrops of 0.1 ml in volume .the number of simulated raindrops
required to disintegrate an individual aggregate 0.5-0.52 g in weight and to pass through the 2.8
mm sieve was recorded. This test is known as counting the number of drop impacts (CND) (
Imeson and Vis, 1984) .The particle size distribution analysis was performed by sieving and pipette
method and bulk density was determined by clod method as outlined by (Klute,1986). The organic
matter was determined by modified Walkley- Black method (Allison, 1965)

Statistical analyses were done by Microsoft Excel Software (2003) to determine the correlation
between selected response physical variables and microbiological activity parameters in the soil.

Result and Discussion

The microbiological activity parameters which shown in table (1) are compared between each
other’s to determine which of them is most correlated with aggregate stability (rate of soil
aggregate disintegration) as shown in table (2).
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Table 1: Some of microbiological activity parameters (substrate induced respiration, basal respiration,
microbial biomass, and microbial metabolic coefficient) in studied soils.

Soil type SIR pg S.D BR ug S.D C.mic pg | S.D QR S.D
C-CO2/ C-CO2/ /g soil
gsoilh g soil h

Dark-gray forest 19.091 | £2.207 1.066 +0.107 1413 +163 | 0.056 | +0.0034
Soddy-podzolic 18.057 | £1.711 1.784 +0.150 1169 +111 | 0.099 | +0.0136

The results are declared that the all microbiological parameters have a positive correlation with
aggregate stability however the microbial metabolic coefficient (QR) is more correlated with
aggregate stability than the others soil microbiological parameters in both soils, the correlation
coefficient is more closed to dark-gray forest soil than the soddy-podzolic soil as a result of high
organic content of dark-gray forest soil than soddy-podzolic soil as shown in table (2) and (3). This
result is similar to (Machulla 2003) who reported that the best indicator of the whole metabolic
activity of soil microbial populations is soil respiration, a robust parameter that can be rapidly and
reproducibly determined. It allows gross comparisons of soils and reflects soil management
changes, or the impact of elevated atmospheric CO2 on soil microorganisms (Machulla 2003).

Table 2: Some of important soil properties related with aggregate stability.

Particle size Biomass as | Kinetic | No.o | Rate of
Soil type Bulk distribution g Kg™! o.M a percent of | Energy | f soil
density | Clay | Silt | Sand | Texture gKg' | soil organic | JKg' | rain | aggregate
gm/cm’ C drop | disintegration
g.min’!
Dark-gray
forest 1.248 | 266 | 605 | 129 SIL 62.1 3.92 83385 85 0.003
Soddy-
podzolic 1.255 | 251 | 645 | 104 SIL 43.8 4.60 39240 40 0.002

While the soil biomass (microbial carbon) C.mic pg/ g soil and Induced soil respiration SIR pg C-
CO2 /g soil h are seemed to be in the second of rank and have approximately the same level of
correlation with soil aggregate stability as shown in table (3) because the varying degrees of
correlation between aggregation and microbial biomass or microbial products are related to: (1) the
different scales (i.e. macro versus microaggregate scale) of influence of fungi versus bacteria; (2)
soil texture; and (3) soil mineralogy. The link between microorganisms and aggregation is
pertinent, microbial biomass and water-extractable carbohydrates have been correlated to varying
degrees with aggregation (Degens, 1997)

Table 3: Correlation coefficient between microbiological activity parameters and the rate of soil aggregate
disintegration

Soil type SIR pg C-CO2 /g soil | BR pg C-CO2 /g C.micpg/ g QR
-h soil - h soil
Dark-gray forest 0.25853 0.10268 0.258442 0.44525
Soddy-podzolic 0.102921 0.26096 0.10268 0.30636

The different organic fractions contribute to aggregate stabilization, including microbial biomass in
particular fungi (Degens, 1997), microbial-derived polysaccharides (Haynes and Francis, 1993),
humic substances (Piccolo and Mbagwu, 1999), and lipids (Dinel et al., 1991).

The basal respiration in soddy-podzolic soil has a greater positive correlation with aggregate
stability than dark-gray forest soil which may be the result of that this soil contain high amount of
microbial carbon (biomass) as a percent of total organic carbon in soil as shown in table (2) as
reported that soil microbial biomass responds much more quickly than most other soil fractions to
changing environmental conditions, such as variations in substrate input ( Powlson et al. 1987)
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Linked parameters (e.g., biomass-specific respiration or biomass as a percentage of soil organic C)
are also useful because they possess “internal controls” (Barajas Aceves et al. 1999 ).

The two soils particularly have the same texture with little amount of clay and high amount of silt
and have the same bulk density as shown in table (1) and (2) so the major role here for binding soil
aggregate are the SOM and microbiological activity which explain the high correlation coefficient
with microbiological parameters in dark-gray soil which contain high amount of SOM than soddy-
podzolic , as reported that the contribution of soil microorganisms to aggregation is most apparent
in soils of lower clay content and low shrink—swell capacities, where the abiotic effects of wet— dry
and freeze—thaw cycles are reduced (Oades 1993),

Soddy-podzolic soil
Dark-gray forest soil
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Figure 1. Change in soil mass of aggregate retained on 0.25mm sieve over time due to shaking during wet
sieving

In fig (1) presents the mass of soil aggregates retained on 0.25 mm sieve as a function of shaking
time in minutes for two soils from two locations . The soils from each location encompassed two
different land use cropland and forestland. It can be noticed from these figure that there was a
continuous decrease in mass of soil retained on the 0.25mm sieve over the entire range of shaking
time which lasted 100 minutes. Further, it can be observed that the majority of disintegration
occurred gradually during the whole time of sieving due to the resistance to break down upon
wetting, however the dark-gray forest soil shown greater resistance against resistance as a result of
high SOM content. Figure (1) also reveals that the slope of straight line (coefficient of
determination) ranged from as low as 0.0028 for the dark-gray forest soil for Vladimerskaya region
to as high as 0.0039 soddy-podzolic soil in Korskya region due to the same reason.

Water drop impact test as illustrated in table (2) exhibits the number of drop impacts required to
disrupt the aggregate sufficiently for it to pass through the 2.8mm sieve and kinetic energy required
to break up the aggregate. Dark-gray forest soil need 85 rain drop(equivalent to an energy of 83385
J Kg™) greater than soddy-podzolic more than twice which needed only 40 rain drop (equivalent to
an energy of 39240 J Kg™), close examination of this data reveal that the resistance of aggregates to
disruption by rain drop was mainly related to soil organic matter content. Canton et al. (2009)
found a significant correlation between the number of drop impacts and soil organic matter content
under wet conditions.

Conclusions

Soil aggregate stability is more governed by SOM than microbiological activities in the soils which
have a proportional same texture and bulk density. All microbiological activity parameters have a
positive relation with aggregate stability in both dark-gray forest and soddy-podzolic soil.
Microbial metabolic coefficient which is a proportion between soil basal respiration and substrate
induced soil respiration considered a good index to determine the soil aggregate stability which is
directly proportional to the decrease in QR values. While the biomass-specific respiration or
biomass as a percentage of soil organic C is inversely proportional with aggregate stability. Water
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drop impact test gives is more proper, simple and gives distinct clear result than the wet sieving
technique to determine the aggregate stability in soils particularly have high SOM.
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Abstract

It has widely been accepted that arbuscular mycorrhizal fungi (AMF) can affect their host plants growth
through nutrient uptake enhancement in soil growth medium, but scant studies were carried out for that effect
on plants cultivated in the hydroponic and aeroponic systems. In this study, tomato (Lycopersicon esculentum
Mill.) sorghum (Sorghum bicolor L.) plants were grown in sterile perlite and inoculated with either Glomus
etunicatum (GE) or G.intraradices (GI), while the control set was left un-inoculated. Rorison's nutrient
solution with three levels of zero, half and full strength (Cy, Cys5 and C;, respectively) of micronutrients was
applied to the pots during 85 days of growth period. In tomato plants, the mycorrhizal symbiosis was not
observed; also fungi treatments did not effect on root and shoot dry weights. In sorghum plants, Average root
colonization with GE and GI fungi were 43% and 37% respectively. Mycorrhizal symbiosis decreased root
and shoot dry weights. Roots dry weights have not affected by the micronutrient levels. But, the zero level of
micronutrient in comparison with other two levels (half and full) decreased dry weights of shoots. It seems
that, these results related to macroelements (especially P) concentration in Rorison's nutrient solution.
Keywords: mycorrhizal fungi, sorghum, tomato, perlit, dry weight

Introduction

Arbuscular mycorrhizal fungi are soil microorganisms that have establish mutual symbiosis with
the majority of higher plants roots, such as sorghum and tomato plants that have high infection
potential with AMF. The AMF provides a direct physical link between soil and plant root. It has
widely been accepted that AMF have increasing affect their host plants growth in soil growth
medium (Smith and Read, 2008) through nutrient uptake enhancement (Giridhar and Sudhakara,
2011), stimulating growth regulating substances, increasing photosynthesis, improving osmotic
adjustment under drought stress, increasing resistance to pests and tolerance to environmental
stresses such as drought and salinity, and improving soil properties (Bethlenfalvay et al., 1988;
AL-Karaki, 2000). But scant studies were carried out for that effect on plants cultivated in the
hydroponic and aeroponic systems. Nutrient availability can have major effect on arbuscular
mycorrhizal infection. The effectiveness of symbiosis depends on the continued supply of nutrients,
such as C, N, P and other essential nutrients, however, the majority of studies have focused on the
significance of P (Valentine et al., 2001), and little attention has been paid to the effect of
micronutrients. Results of some studies indicated that high concentrations of heavy metals in soil
reduced root colonization. A negative correlation between Zn or Cu concentration and AMF root
colonization was found for plants grown in soil after application of sewage sludge (Boyle and Paul,
1988). Also, some evidence exist that root colonization was increased with decreasing metals
concentration in soil (Schreiner, 2007). However, little information is available about the effect of
micronutrients deficiency on root colonization by AMF in the hydroponic systems. And is it benefit
mycorrhizal symbiosis for plants in this condition? It seems that these cases need to be understand.

Materials and Methods

Mycorrhizal inoculum production

Two species of arbuscular mycorrhizal fungi, Glomus etunicatum (Becker & Gerdemann) (GE) and
G.intraradices (Schenck & Smith) (GI) were propagated with sorghum plants in 7 liter pots
containing sterile sandy loam soil (Aliasgharzad et al., 2001). Rorison's nutrient solution, 20 mM
Ca(NO;),.4H,0; 10 mM MgS0,4.7H,0; 10 mM K,HPO,.3H,0O; 0.5 mM FeNaEDTA; 0.1 mM
MHSO4.4H20; 0.5 mM H3BO3; 0.01 mM (NH4)6 M07024.4H20; 0.02 mM ZHSO4.7H20 and 0.015
mM CuSO4.5H,0 in deionized water (Merryweather and Fitter, 1991) with 1/2 strength of
phosphorus was added to the pots twice a week to bring the soil moisture to field capacity. Pots
were kept in growth room with 28/20 £2°C day/night temperatures and 16h photoperiod. After four
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months, top plants were cut off and pot materials containing soil, mycorrhizal roots, hyphae and
spores were thoroughly mixed and used as fungal inoculum. Root colonization percentage
(Giovanetti and Mosse, 1980) and number of spores per 10 g soil (Gerdemann and Nicolson, 1963)
were assessed to determine inoculum potential. Both inocula had an average of 65% root
colonization and ~150 spores per 10 g soil.

Plant culture

Tomato (Lycopersicon esculentum Miller) and Sorghum (Sorghum bicolor L.) seeds were surface
sterilized with 0.5% sodium hypochlorite for 15 min, and 10 seeds were sown in pots containing
2.8 liter acid washed and sterilized perlite. Fungal inocula were rinsed three times with distilled
water to minimize their micronutrients content. Each pot received 60 g mycorrhizal inoculum as a
layer of 0.5 cm thickness, 5 cm below the seeds. Control pots (non-mycorrhizal) received 60 g
autoclaved inoculum. Two weeks after sowing, tomato and sorghum plants were thinned to 1 and 3
plants per pot respectively. Rorison's nutrient solution with three levels of 0, half and full strength
(Coy, Cos, Cy, respectively) of micronutrients was applied to the pots twice a week during total
growth period of 85 days. Pots were kept in growth room with 28/20 £2°C day/night temperatures
and 16h photoperiod.

Plants dry weights and root colonization

Eighty five days after sowing, plants were harvested and whole root system was washed. plants
were divided to parts (root and shoot) and then dried in oven. Whole of that the shoot and root dry
weights were recorded. Fine feeding roots (0.5 g fresh weight) were sub-sampled, cleared in 10%
KOH and stained with trypan blue. Root mycorrhizal colonization percentage was determined by
gridline intersects method (Giovanetti and Mosse, 1980).

Statistical analysis

A factorial randomized in complete blocks design was used with two factors of (1) mycorrhizal
fungi with three variations (G.etunicatum, G.intraradices and non-mycorrhizal), (2) nutrient
solution with three concentrations of micronutrients (Co, Cos and C,), with three replications per
treatment. Analysis of variance and mean comparison by Duncan's Multiple Range Test were
carried out using MSTATC software.

Results

Tomato root colonization with AMF

This experiment repeated with two varieties of tomato seeds in the same condition, but results were
not different. In conclusion, the mycorrhizal symbiosis was not observed in tomato plants.

Tomato root and shoot dry weight

There were no significant differences between fungi treatments in each level of nutrient solution.
Also, three levels of nutrient solution didn't have significant differences with together in each of the
GE and GI fungi treatments (Table 1).

Table 1. Effect of mycorrhizal fungi on tomato dry weight (g) in variable regimes of micronutrients

Roots Co i Cos C Shoots Co Cos Ci
NM 2.23b 3.10a 2.77ab NM 16.27abc  16.93a  14.83¢c
GE 2.57ab  2.50ab  3.00ab GE 15.33abc  16.50ab  15.97abc
GI 2.23b 2.63ab _ 2.70ab GI 15.30abc  16.40abc  14.97bc

NM, non-mycorrhizal; GE, Glomus etunicatum; Gl, Glomus intraradices. Cy, Cys and C; respectively are Rorison nutrient solution in
three levels of zero, half and complete concentration of micronutrients.*Means in each column followed by same letter are not
significantly different (p<0.05).

Sorghum root colonization with AMF
There were no significant differences in root colonization between G.E and G.I fungi treatments
with supplied each levels of nutrient solution. Also, root colonization in the non-mycorrhizal

10
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treatments did not appear. In each mycorrhizal treatment (G.E or G.I) between supplied three levels
of nutrient solution didn’t have significant differences (table 2).

Table 2. Effect of variable mycorrhizal fungi inoculums and regimes of micronutrients on sorghum
root colonization(%).

Co Cos C

NM 0b’ 0b 0b
GE 46a 41a 42a
GI 40a 35a 37a

NM, non-mycorrhizal; GE, Glomus etunicatum; GI, Glomus intraradices. C0, C0.5 and C1 respectively are Rorison nutrient solution in
three levels of zero, half and complete concentration of micronutrients.*Means in each column followed by same letter are not
significantly different (p<0.05).

Sorghum Root dry weight

In this experiment between mycorrhizal treatments (G.E and G.I fungi) were no significant
differences, But in each levels of nutrient solution, mycorrhizal treatments in comparison with non
mycorrhizal treatment had low root dry weight. In non-mycorrhizal treatment, C, level of nutrient
solution in comparison with level of C;, significantly reduced root dry weight (Table 3).

Sorghum Shoot dry weight

Between mycorrhizal treatments in each levels of nutrient solution were no significant differences.
In supplied each three levels of nutrient solution, mycorrhizal treatments in comparison with non-
mycorrhizal treatments reduced shoot dry weight. In the non-mycorrhizal treatment, C, level of
nutrient solution in comparison with the levels of C; and Cys, also in the G.E fungus treatment
supplying Cy level of nutrient solution in comparison with level of C, significantly reduced shoot
dry weight. But, in the G.I fungus treatment, between supplying three levels of nutrient solution
were no significant differences (Table 3).

Table 3. Effect of mycorrhizal fungi on sorghum dry weight (g) in variable regimes of
micronutrients

Roots Co Cos C, Shoots Co Cos C,
NM 1.44b°  2.11ab 3.05a NM 6.42b" 9.24a 10.34a
GE 0.13¢ 0.23¢ 0.29¢ GE 0.69d 1.17¢d 2.01c
GI 0.22¢ 0.19¢ 0.19¢ GI 0.50d 1.00cd  1.26cd

NM, non-mycorrhizal; GE, Glomus etunicatum,; G, Glomus intraradices. Cy, Cos and C, respectively are Rorison nutrient solution in
three levels of zero, half and complete concentration of micronutrients.*Means in each column followed by same letter are not
significantly different (p<0.05).

Discussion

The results in sorghum experiment shows that the three levels (zero, half and complete) of the
micronutrient concentration didn’t effect on root colonization by AM fungi. Even in tomto plants,
the mycorrhizal symbiosis was not observed. With attention to results of some studies such as, AM
fungi colonization and extraradical hyphae growth were suppressed when plants were grown with
the high level of micronutrients but this level of elements was not toxic to the plants and don’t
suppressed growth (Liu et al., 2000a), or Colonization can be reduced in the presence of high levels
of Zn, Cu, Ni, and Cd. Also AM fungi infection was found to depend on both P supply and the
availability other nutrients, and Plant grown in low P and sufficient other nutrient elements had the
highest AM fungi infection (Valentine et al., 2001; Schreiner, 2007). In this process appear a fact
that heavy metals reduced AM fungi colonization when the availability of this elements are very
high such as supply of soil and water polluted with these metals but moderate or lower
concentration of these metal elements don’t effect on root infection by AM fungi. Also, it seems
that root colonization more affected by availability of P element in bed culture. The experiment
results of Liu et al. (2000a) confirm this assumption. In present study P concentration supplied
were equal in all of treatment compounds, it seems that this agent caused sorghum root
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colonization didn’t have significant difference. Maybe, P concentration in nutrient solution
treatments with to other conditions of present experiment caused the mycorrhizal symbiosis
couldn't be organized with tomato plants.

In sorghum plants, the mycorrhizal (G.E and G.I fungi) treatments in comparison with non
mycorrhizal treatments reduced root and shoot dry weight. Also, reduction growth of mycorrizal
sorghum plants more affected by AM fungi symbiosis than deficiency of micronutrients. In fact the
AM fungi is benefit to their host plant, principally by increasing uptake of nutrient elements,
improved drought resistance, increased resistance to soil pathogens, increased tolerance of salinity
and heavy metals (Smith and Read, 2008) But instead, the fungi receive carbon from the host plant.
Though the AM association can offer multiple benefits to the host plant it may not be obviously
mutualistic at all points in time, and it is possible under some condition that the AM fungi may
cheat their host plant in to supplying carbon with no apparent benefit to the plant that in some
cases, this can cause a decline in growth (Lerat et al., 2003). But often, positive effect of AMF in
growth and nutrient uptake appeared in soils that have low nutrient availability (Schreiner, 2007).
However, proving that AM fungi are actually cheating is difficult, because it is benefit to the host
plant in the wide range, and their cheating occur at specific times or under certain environmental
condition or stress. In some experiments, AM fungi symbiosis reduced weight of plants (Fidelibus
et al., 2000; Valentine et al., 2001; Walling and Zabinski, 2006). In many cases reduction of growth
in mycorrhizal plant were observed when the P availability of soil were high (Graham, et al., 1996;
Valentine et al., 2001; Schreiner, 2007), also Fidelibus et al. (2000) suggested that under P limited
condition might provide insight the management strategies to enhance AM fungal benefit.
Furthermore, suggesting that suppression of growth may be is due to increasing metabolic activities
of AM fungus and resulting in higher carbon costs to the plant (Peng et al., 1993; Graham, et al.,
1996; Fidelibus et al., 2000; Walling and Zabinski, 2006). Notice to the latter reasons, it seems that
existence full strength of P concentration in supplied nutrient solution caused reduction AM fungi
benefits and increased carbon costs for plants and consequently reduced plant growth in present
study. These results have apparent that micronutrient concentration in range of supplied didn’t
effect on sorghum root colonization with AMF. And probably, P concentration in supplied nutrient
solution (that were in full strength) is main agent in reducing mycorrhizal sorghum dry weight and
preventing of initiation of mycorrhizal symbiosis in tomato plants. It seems that, in hydroponic
systems for growing mycorrhizal plants, P concentration in nutrient solution should be reducing.
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Abstract

Drought stress is one of the most important abiotic stress factors which is generally accompanied
by photosynthesis inhabitation due to the perturbation of the biochemical processes involving the
photosynthetic pigments degradation. On the other, it has been proved that mycorrhizal symbiosis
can ameliorate the adverse effects of salt stress in many plants. In this greenhouse experiment,
mycorrhizal seedlings of pistachio (Pistacia vera cv.Badami-Riz-zarand)inoculated with Glomus
mosseae were exposed to 4 levels of saltiness ( 0.5, 3, 6 and 9dSm-1 )and harvested 21 and 42
days after the commencement of salt treatments. Increase in salt stress intensity caused a
significant decrease in chl a while total chl and carteniods content did not affect by salt stress and
chl b showed a significant increase at highest salt stress intensity. Leaves of micorrizal plants
contained significantly more photosynthetic pigments compare with non-mycorrhizal plants.
Degradation of photosynthetic pigments were increased in second harvesting date. We conclude
that mycorrhizal symbiosis can protect photosynthesis rate of pistachio seedlings against the
adverse affects of saltiness at least in partial by inhibiting of their degradation.

Keywords: Mycorrhizae, salt stress, pistachio, chlorophyll, cartenoids, photosynthesis
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Abstract

In a greenhouse experiment, the effect of arbuscular mycorrhizae (Glomus mosseae)was
investigated on water relations of pistachio seedlings(Pistacia vera cv.Badami-Riz-zarand)under
salt treatments. Pistachio seeds were surface-sterilized and sown in 5kg plastic pots containing
autoclaved soil and inoculated with 10 g of inoculom. Six-months-old plants were exposed to 4
levels of saltness (0.5, 3, 6 and 9dSm™) and harvested 21 and 42 days after the start of salt
treatments. Salt solution was prepared using sodium chloride and calcium chloride in the ratio of
2:1 and applied every two days. The amount of salt solution used for each pot was 20% more than
field capacity to avoid salt accumulation in the soil. Based on the results, mycorrhizal infection
was increased with increase in salinity level up to EC of 6 dSm "and then decreased sharply in both
harvesting date. Salt stress duration had no negative effect on mycorrhization percentage up to EC
of 3 dSm ™' and then decreased. Relative water content (RWC) of leaves was higher in non-
mycorrhizal plants in compare with mycorrhizal plants. RWC of mycorrhizal plants was increased
with increase in salt stress intensity while in non-mycorrhizal plants, the highest amount of RWC
was recorded with control. Generally, in both mycorrhizae treatments and all salt stress levels,
RWC were higher in second harvesting date. Water use efficiency (WUE) of pistachio plants was
affected by mycorrhizal symbiosis positively while salt stress levels and stress duration had no
significant effect on the parameters. It can be concluded that mycorrhizal symbiosis can improve
water relations of pistachio seedlings at least under moderate salt stress

Keywords: Mycorrhizae, salt stress, pistachio, water relations
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Abstract

In our country Iran, soil contamination with petroleum compounds had happened from the beginning of
discovery and use of petroleum in the last century. The pollution changes the natural conditions of soil and
water resources and decreases soil productivity. In the this decade, biological remediation systems has been
used to extract many organic pollutants from environment because these systems both have the ability to
compete with other methods (physical and chemical) by their lower cost and less environmental hazard. In
this research, the application of barley (Hordeum vulgare), Pseudomonas putida Bacterium and effevescent
tablet combined of some bacteria ( which has been studied for the first time in Iran) in a greenhouse study
with contaminated soil ( with loam texture) was investigated. The intensity of Total Petroleum Hydrocarbons
(TPHs) was measured with the standard method of the U.S. Environmental Protection Agency'
simultaneously with three steps of plant growth. The results showed that with applying 2x10* CFU of
Pseudomonas putida per kg of soil, intensity of the TPHs was remediated by 46.63%, and applying 2.2x10°
CFU of Bacillus inocolant combined of five species (B.licheniformis B.megaterium  B.pumilus,
B.laterosporus and Bacillus subtilis) in each kg of soil remediated 46.99%. In statistical analysis of the
results with SAS program, the initial and final intensity of TPHs showed a significant difference under these
three treatments at the significance level of 0.05. Also, the intensity of contamination of samples showed a
significant difference with Blank soil in all steps of measurment. Furthermore, intensity of TPHs under two
bacterial treatments showed no significant difference between initial and final insensities, and, this showed
that effervescent tablet had higher efficiency in pollution remediation, because by lower number use of cells,
it had an equal efficiency in remediaton with Pseudomonas putida treatment, approximately. Both bacterial
treatments had higher efficiency in remediation of petroleum hydrocarbon pollution than barley.

Keywords: Bacillus, Barley, Bioremediation, Petroleum, Pseudomonas putida

Introduction

Most problems of soil in large cities are due to modern industrial developments. Factories need to
extract and process on organic and mineral sources, forest products and petroleum materials, so that
these activities would lead to producing high amount of pollutants (Behrouz, 2005). Human being's
concern about distribution of natural cycle of earth, life and destruction of sources has increased
more than before, in 21 century.

High petroleum contamination in "Bagher Shahr" area (in Tehran province) near the petroleum
refinery has caused environmental problems and dangers. Ignoring the results of use and
remediation of petroleum in Iran for about one century had caused a much hazard to a large part of
soil and water resources. So, taking a useful national strategy in order to solve this problem and
achieving stable development is vital. Undoubtedly this strategy should be based on knowing the
equipment and should have the minimum risk on the environment. Achieving this goal, in this
research, we used "biological" remediation method which is the most convenient and the least
dangerous remediation method. This study was conducted to lessen the damage on remediating the
soil.

Materials and Methods

Polluted soil was taken from Tehran petroleum refinery surroundings. Soil sample passed from a 4-
mm sieve and was used in soil analysis and bacterial treatments. The hydrocarbon contamination
was mixed with soil uniformly. TPHs measurement performed by Environmental Protection Agency
of USA method (EPA413.1) ( Hutchinson et al, 2001). Experiments of soil analysis were done

'EPA413.1
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according to the tolerance of both used bacterial treatments to hard condition, no particular operation

was done to supply bacterium's need. In this stydy, 2x10%cells of pseudomonas putida bacteria and
effervescent tablet of 5 species of Bacillus (B.licheniformis B.megaterium  B.pumilus,

B.laterosporus and Bacillus subtilis) that have 2.2x10° cells per kilogram of soil was used as it has
tolerance to petroleum and is applied in petroleum remediation. In the barly cultivated treatment, 30
seeds of barley was planted. We also considered blank treatment in style of Randomized Complete
Block Design (RCBD) and factorial experiment with 3 replicates. The rate of TPHs in different steps
of plant growth was measured.

Results

Results from analysis of contaminated soil and TPHs measurement are given in Tables 1 and 2,
respectively. In Table 2 TPHsl, TPHs2, TPHs3 and TPHs4 indicate the rate of initial soil
contamination, rate of soil contamination after about 20, 85 and 95 days after initiation of treatments
performance, which are initial soil contamination, rate of soil contamination after germination,
growth and procreative steps, respectively.

Table 1. Results of soils analysis

CaCo; % P Na K Mg Ca N% OC%  Texture EC pH
(ppm)  (ml) (ppm) (meq/L) (meq/L) (dS/m)
16 37 9.1 28 17.2 16.4 0.46 .85 loam 2 7

Table 2. The rate of contamination under treatments in different steps of plant growth (mg/kg of

soil)

TPH4 TPH3 TPH2 TPH1 Treatment

11830 14500 15083 22167 Pseudomonas

11750 11916 13833 22167 Bacillus mix

13900 14250 17830 22167 Hordeum vulgare) ( Barley
18500 18830 21083 22167 Blank

Table 3 shows the percentage of TPHs reduction by deferent treatments in 3 steps of plant growth.

This table shows the efficiency of treatments, and Table 4 shows the Price of preparing the bacteria in
Iran.

Table 3. Percentage of TPHs reduction by deferent treatments in 3 steps of plant growth

4 3 2 1 Treatment
46.63 34.59 31.96 0 Pseudomonas
46.99 46.24 37.6 0 Bacillus mix
37.29 35.71 19.56 0 Hordeum vulgare) ( Barley
16.54 15.05 4.89 0 Blank
Table 4. Price of preparing bacteria treatments in Iran
Bacterium Price for 10 cells ($)
Pseudomonas putida 2.50
Effervescent tablet of Bacillus mix 10
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Figure 1, 2 and 3 show the trend of TPHs reduction, percentage of TPHs reduction and significant
differences in TPHs reduction by different treatments, respectively.
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Fig 1. Trend of TPHs reduction by different treatments
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Fig 2. Percentage of TPHs reduction by different treatments in 3 steps of plant growth
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Fig 3. TPHs reduction by different treatments in 4 steps of pollution measurement and significant

differences

Discussion

The maximum TPHs reduction rate was found for the " Bacillus mix" treatment (Fig.1, and Table 2).
Maximum TPHs reduction percentage was found for the " Bacillus mix" treatment that reduced the
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contamination up to 46.99%, and in the second level"Pseudomonas putida " reduced the
contamination up to and 46.63% ( Fig. 2 and table 3) . In comparison with blank soil, this reduction
was more than blank soil that shows the effect of root in petroleum hydrocarbons decomposition. It
is obvious from results that using Bacillus inoculant combined of five species with less cells per 1
kg of soil had better results in comparison with Pseudomonas treatment. Preparing Pseudomonas
putida had lower cost than Bacillus mix effervescent tablet (Table 4). Others also confirmed the
ability of petroleum compounds decomposition by Pseudomonas and Bacillus genus and Barley
plant (Frick et al. 1999 ; Mohammadi 2007; Wackett et al 1989 ). Pseudomonas ability in
decomposition of TPHs have been proved in some other researches (Kim and Hao 1999; Lee and
Gibson 1996; Lee and Gibson 1995; Shields et al 1991). Boossert, and Bartha in 1984 introduced the
Pseudomonas <Arthrobacter Alkaligenes< Corynebacterium+ Flavobacterium+ Achromobacter ¢
Micrococcus ¢« Mycobacterium and Nocardia as the most active bacteria in decomposing
hydrocarbon compounds. Schwab and Banks showed some results on adsorption of organic
pollutants by roots and decomposing them in their reports (Schwab and Banks 1998). The results of
present study shows a good agreement with their results, the TPHs rate in rhizosphere reduced
gradually (Table 2 and Fig.1) . There is no significant difference between TPH3 and TPH4 in
"Bacillus mix" and barley treatments (Figure3). So performance of these treatments up to TPH3
step was reasonable.
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Introduction

In terrestrial ecosystems the amount of carbon in soil is usually greater than the amount in living
vegetation. The amount of organic carbon stored in soil results from the net balance between the
rate of soil organic carbon inputs and rate of mineralization in each of the organic carbon pools
described (Walter 2002).

Study on variation of SOC in rangeland under plantation practices by woody plant in arid zone
show the remarkable increasing in SOC (Nosetto 2006).

Because of variation in plant production and SOC have a strong correlation (Fang 2007).

This study focused on quantifies the influence of biological restoration on SOC in arid rangelands
of Semnan province that restored by Haloxylom aphyllum plantation and change of rangeland to
pistachia Vera cultivation.

Material and method

This research was conducted in Semnan and Ivanaky regions located in Semnan province, Iran. In
order to study, 2 sites were selected. To estimate C storage and their distribution in the different
treatment, biomass (above ground and belowground), soil (0-100 cm) and litter were sampled and
analyzed.

Soil was sampled by collecting 5 cores in every treatment and its control area from depth of 100cm
in a completely randomized design. Soil samples were air-dried, Gravel and roots were separated
and samples were passed through the 2-mm sieve. Gravel was weighed and roots were taken to
weigh after drying. To determine soil organic C the Walkley—Black method was used. Soil bulk
density (Blake and Hartge, 1986) was determined for converting soil C concentrations (gr/kg) to C
aggregate (ton/ha) in the soil.

Statistical analyses were conducted by T-test. Soft wares EXCEL 2003 and SPSS 15 was used to
analyze data.

Results
Result show that both land use change to Haloxylon ammodendron and pistachia Vera plantations
have increased 89% and 185% in carbon of biomass respectively.
In the soil, although H. ammodendron plantations have increased SOC but Pistachio has decreased
SOC storages of soil. Generally haloxylon plantation has considerably increased sequestrated carbon
of ecosystem. The similar results were not recorded for land use change into pistachio plantations
(Table 1).

Table 1. Variation of C storage in rangelands and planted treatment in study areas

Treatments
Sources Rangeland H.aphyllum Rangeland P.vera
Aboveground Biomass — 2.27+1.6 a 7.23£2.5b 2.11£0.6 a 0.61+£0.1 b
Belowgroun Biomass 1.7240.2 a 4.40+1.1Db 1.58+0.6 a 0.91+0.1b
Total Biomass 4.00£1.7 a 11.42+1.5b 3.70+0.6 a 7.10£1.5b
Soil 23.40+3.1 a 49.50+4.8 b 27.50+3.6 a 23.204£3.1b
Total 27.40+£5.0 b 61.20+7.4b 61.20+9.4 a 30.20+£3.5b

Discussion
Plantation by H.aphyllum increase the amount of organic carbon in soil and biomass and it lead to
increase carbon storage of ecosystem.
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This matter explains the remarkable effect of plantation to increase amount of organic carbon in arid
ecosystems (Nosetto et al, 2006).

Plantation by P.vera can not affect the carbon storage of ecosystem; p.vera plantation in this area
increase the aboveground biomass but it case that the belowground biomass decreased with 41%.

The reasons of this result can be related to more extension of root biomass in saloxylon in compare
with Pistachio and effect of agriculture practices on decreasing C of the soil (Kollia et al., 2009).
Then we find that plantation with species with huge proportion of belowground biomass can reboots
organic carbon storage of the arid ecosystems.
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Abstract: Plant-microbe interactions can positively influence plant growth through a variety of
mechanisms, including fixation of atmospheric nitrogen, increased biotic and abiotic stress tolerance and
direct and indirect advantages imparted by plant growth- promoting rhizobacteria. Therefore, a field
experiment was conducted at research farm of Sari Agricultural Sciences and Natural Resources University
during 2009. The experiment was arranged as split plot based on randomized complete block design with
three replications for each treatment. Three levels of manures as main plots and eight levels of biofertilizers
(consisting of 1-NPK or conventional fertilizer application; 2-NPK+PSM+PGPR; 3-NPsq,, K+PSM+PGPR;
4-Ns00,PK+PSM+PGPR; 5-Ns0,P500,K+ PSM+ PGPR; 6-PK+ PGPR; 7-NK+PSM and 8-PSM+PGPR) as sub
plots were treatments. The results showed highly significant differences between treatments. Application of
farmyard manure markedly increased shoot and root weight as compared to control. Direct inoculation of
seeds with the plant growth promoting rhizobacteria (PGPR) significantly influenced growth parameters;
distribution and average root length, root surface and the number of tips. Generally, according to our findings
application of PSM and PGPR together could reduce P application by 50% without any significant reduction
of growth parameters of corn.

Keywords: Inoculation, PSM, PGPR, Root, Corn

Introduction

Uses of bio-fertilizers containing beneficial microorganisms instead of synthetic chemicals are
known to improve plant growth through supply of plant nutrients (Egamberdiyeva, 2007) and may
help to sustain environmental health and soil productivity (Nikolay et al, 2006; Chaiharn and
Lumyong, 2011). Plant growth-promoting rhizobacteria (PGPR) are a group of free-living bacteria
that colonize the rhizosphere and benefit the root growth (Afzal and Asghari, 2008). The use of
PGPR in agriculture for promoting the circulation of plant nutrition and reducing the need of
chemical fertilizers is well recognized (Karnataka, 2007). Plant growth-promoting rhizobacteria,
particularly those from the genus Azospirillum spp may affect root functions such as growth,
nutrient and water uptake, which in turn may affect shoot growth (Lerner et al, 2006; Kapulnik et
al, 2007). The use of PGPR offers an attractive way to replace chemical fertilizer, pesticides, and
supplements; most of the isolates result in a significant increase in plant height, root length, and dry
matter production of shoot and root of plants (Nikolay et al, 2006; Anjum et al, 2007).

Inoculation of forest trees, vegetables, and agricultural crops with PGPR may result in multiple
effects on early-season plant growth, as seen in the enhancement of seedling germination, stand
health, plant vigor, plant height, shoot weight, nutrient content of shoot tissues, early bloom,
chlorophyll content, and increased nodulation in legume (Cakmaci et al, 2005; Shaharoona et al,
2006; Afzal and Asghari, 2008; Saharan and Nehra, 2011). Application of biological fertilizers
such as biological phosphate fertilizers improves soil fertility. Several studies have conclusively
shown that PSM solubilizes the fixed soil P and applied phosphates, resulting in higher crop yields
(Roesti et al., 2006; Esitken et al., 2006; Violante and Portugal, 2007). Bacteria are usually
effective on phosphate solubility due to different mechanisms such as production and secretion of
organic acids (Turan et al, 2006; Saharan et al, 2011). Several studies have conclusively shown that
PSM solubilizes the fixed soil P and applied phosphates, resulting in higher crop growths (Roesti et
al., 2006; Violante and Portugal, 2007; Esitken et al., 2006). Bacteria of diverse genera were
identified as PGPR of which Bacillus and Pseudomonas spp are predominant. Root colonization,
influenced by a number of biotic and abiotic components, is a limiting factor for the success of
PGPR. Diverse reporter genes and nucleic acid-based methods were developed to track the
introduced PGPR in the rhizosphere, and also to determine their metabolic status, and their effect
on the native rhizosphere microbial communities (Zhuang et al, 2007; Oliveira et al, 2008).
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Nitrogen and phosphorus are essential nutrients for plant growth and development in corn (Wu et
al., 2005). Nitrogen is one of the most important nutrients for maize production as it affects dry
matter production by influencing leaf area development and maintenance as well as photosynthetic
efficiency. N can be easily lost by leaching, denitrification or volatilization. Furthermore,
Phosphorus is second only to nitrogen in mineral nutrients most commonly limiting the growth of
terrestrial plants. Ironically, soils may have large reserves of total P, but the amounts available to
plants is usually a tiny proportion of this total (Delvasto et al., 2008).

Corn (Zea mays L.) is one of the major cereal crops and grown under both tropical and temperate
conditions. In this crop, root development plays a vital role in the growth of the corn plant and
determining yield potential. The root system can be divided into two basic parts, the seedling root
system and the nodal root system. Important developmental processes, such as root-hair formation,
primary root growth and lateral root formation, are particularly sensitive to changes in the internal
and external concentration of nutrients (lopez et al, 2003). Factors participating in the partitioning
of dry matter between the shoots and the roots are highly significant to the well being of the plant
(Lopez et al, 2003; Klaring and Kyuchukova, 2007). It is generally accepted that the dry matter
distribution between shoots and roots follows the principle of functional equilibrium, although the
underlying mechanism of this is still not understood. However, there is very little information
regarding co-inoculation of PSM and PGPR effects in corn systems in northern Iran. The objective
of this study was to determine co-inoculation effects of P- solubilizer (PSM) and plant growth
promoting rhizobacteria (PGPR) on root and shoot growth in corn (cv. SC 604) under northern Iran
conditions.

Materials and Methods

The experiment was conducted at research farm of Sari Agricultural Sciences and Natural
Resources University (Latitude 42. 36 N, longitude 13. 53 E and 16 m above mean sea level), Iran
during 2007. Experiment laid out as split plot based on randomized complete block design with
three replications. Three levels of manures (consisted of 20 Mg ha” farmyard manure, 15 Mg ha
green manure of barley and control or without any manures) as main plots and eight levels of
biofertilizers (consisted of 1- NPK or conventional fertilizer application; 2- NPK+PSM+ PGPR; 3-
NP5p, K+PSM+PGPR; 4- Ns0o, PK+PSM+PGPR; 5- Nsgo, P50, KIFPSM+PGPR; 6- PK+PGPR; 7-
NK+PSM and 8- PSM+PGPR) as sub plots were treatments. To chemical analyze, soils and
farmyard manure were sampled before the experiment. Results of the soil and farmyard manure
analysis are shown in Table 1 and 2. After soil testing, the NPK fertilizers at rate of 300, 120 and
100 kg ha” were applied in the form of urea, diammonium phosphate and muriate of potash,
respectively. All of PK and half of N (starter fertilizer) were mixed with the soil at the time of
sowing, while remaining N was applied in solution form at tasseling stage. The bacteria used in this
study were phosphates solubilization microorganisms (Pseudomonas putida, Bacillus lentus) and
plant growth promoting rhizobacteria (Azotobacter coroococum, Azospirili brasilense).

Corn (cv. SC 604) seeds were surface sterilized with 70% sodium hypochlorite for 1 min at room
temperature. Then the seeds were washed repeatedly with sterile distilled water. Bacterial were
suspended in suspension of sugar in water. This slurry was used to introduce the bacteria as corn
seed coatings. The plants were removed 8 weeks after sowing, and roots were washed using slow
running water to remove soil particles and organic debris. The number of secondary roots per
sample was counted. Furthermore, for a more detailed study of the effects of PGPR and PSM
bacteria, root samples were divided into three parts of ten centimeters. Then, the dry weight was
measured separately for each section. After 4, 8 and 10 weeks shoot height and dry weights were
determined. Shoots height was taken from the base of the stem to the apex. Each time four plant of
corn from each treatment were randomly harvested. The shoots and the roots were dried in an oven
at 70 °C until constant weight. They were then weighed separately and the weights recorded. Data
were subjected to ANOVA using the SAS statistical software package using a GLM procedure
(SAS Institute, 2000) and Duncan's multiple range tests was performed to compare the treatment
means. The level of statistical significant was accepted as P<0. 05.
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Table 1. Soil chemical properties, and soil particle distribution of the top soil layer (0-30 cm)

OM N P K Soil particle size (mm)
Type PH (o)) (mgl00g’) (mg100g") (mg100g)
° eve g e S 2.0-0.2  0.2-0.02 <0.02

Silty loam 7.5 3.48 193 12.3 367.3 47.3 42.1 10.6
Table 2. Chemical properties of farmyard manure

pH EC N OM P K Cu Zn Mn Fe

(dS/m?) (%) (%) (ppm)
8.18 3.39 2.038 7.35 76 68 3.78 36.93 93.45 45.39

Results and Discussion

The results showed that application of farmyard manure significantly increased shoot and root
weight. These results may be due to the higher levels of organic matter and nutrients (Table 2) in
farmyard manure (Evanylo et al, 2008). Therefore, nutrient-rich organic amendments by farmyard
manure can improve soil physical and chemical properties, increasing water holding capacity and
nutrient availability, and promoting seedling establishment (Cherr et al, 2006). In addition,
optimizing root system architecture can support yield limitations in crop plants caused by water or
nutrient deficiency. Meanwhile, plant growth promoting rhizohacteria (PGPR) and phosphate
solubilization (PSM) inoculation significantly increased root weight of corn (Fig 1).
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Fig 1. Co-inoculation effects of P- solubilizer (PSM) and plant growth promoting rhizobacteria (PGPR) on
root weight (10-20 cm) in corn

Direct inoculation of seeds with the plant growth promoting rhizobacteria (PGPR) significantly
influenced growth parameters; distribution and average root length, root surface and the number of
tips (Table 3). Furthermore, using of PSM and PGPR in addition to conventional fertilizer
applications (NPK) and NPsoK+PGPR+PSM treatment, could improve number of tips of root in
corn (Fig 2). Similarly, Molla et al (2001) reported that total root length, root number, specific root
length, root dry matter, root hair development and shoot dry matter were significantly increased by
Azospirillum alone and its co-inoculums. Plant roots perform many essential functions including
water and nutrient uptake, storage of reserves, synthesis of specific compounds, anchorage to the
soil, and the establishment of biotic interactions in the rhizosphere (Lopez et al., 2003). It is
concluded that single and dual inoculation along with P fertilizer is 18-22% better than only P
fertilizer for improving total dry matter of corn. However, dual inoculation without inorganic
fertilizer (P) decreased grain yield as compared to P application. The increase in root biomass of
inoculated plants coincided with larger surface areas and greater cumulative lengths of roots than
values observed for control plants which significantly different after 8 weeks. Distribution of roots
and root length increased in a NP5y, K+PGPR+PSM treatment (Table 3). It seems that, PGPR are
more effective in promoting plant growth under limited supply of nutrients (50% of phosphate in
this treatment). PGPR and PSM, help in increasing nitrogen fixation, increase supply of nutrients,
such as phosphorus, sulphur, iron and copper and produce plant hormones.
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Fig 2. Co-inoculation effects of P- solubilizer (PSM) and plant growth promoting rhizobacteria (PGPR) on
number of tips of root in corn

Table 3. Co-inoculation effects of PSM and PGPR on root and shoot growth of corn under different

treatments
Treatments Root Shoot Total dry Ratio of Total dry matter
weight (g) weight (g) matter root (g) root: shoot  of plant (g)
— NPK 0.93% 53.15°° 2150 0.41°° 310.40*°
2 NPK+PGPR.PSM 1.10™ 66.15 > 23.41° 0.36 % 351.61%
§ NPs,K+PGPR.PSM 1.09% 68.10° 28.97° 0.43°° 353.90°
i NsoPK+PGPR.PSM 0.78"f 40.40 ' 19.75 ¢ 0.50"° 298.93 ¢
5 NsPoK+PGPRPSM  0.79 of 47.75°° 21.65% 0.45°° 325.24°°
€  PK+PGPR 0.45 42.85°" 1432 0.33% 237.42°¢
£  NK+PSM 0.79"f 52.01"¢ 20.14°¢ 0.40* 310.57 ¢
®  PGPR,PSM 0.27°¢ 42.57°" 13.74 % 0.32°¢ 215.34 %%
NPK 1.22° 42.17°" 20.56 "¢ 0.49°° 250.19 °8
@  NPK+PGPR.PSM 114% 46.11° 21.82" 0.47°° 304.79°°
& NPsK+PGPR.PSM 0.95 "¢ 38.02 %4 22.57" 0.60°° 354.32°
5 NsPK+PGPR.PSM 0.77°f 37.08 %4 19.14°¢ 0.52°° 311.23 "¢
2 NyPyK+PGPRPSM  0.86°° 36.53° 15.88 " 0.44°¢ 290.83 "
E PK+PGPR 0.66 8 24.92" 15.90 " 0.64% 253.16 °*
@  NK+PSM 1.04°%¢ 28.08 " 18.44 ¢ 0.66° 327.91°%
PGPR.PSM 0.51°% 31.02¢ 15.93 ¢" 0.52°° 225.51°¢
NPK 0.89 % 41.12° 17.91°" 0.46 7 269.14 **
NPK+PGPR,PSM 0.79"f 49.99 % 18.82"F 0.38% 274307¢
~ NPyK+PGPR.PSM  0.80"" 43.48°F 19.29"° 0.45"° 259.81°*
S NyPK+PGPR.PSM 0.33°¢ 39.97 16.33 " 0.41°* 268.07 ¢
S NsPsK+PGPR.PSM 057 31.76 " 16.42°" 0.53*¢ 271.09°°
=  PK+PGPR 0.27°¢ 28.39M 14.41°" 0.51%° 211.47%
NK+PSM 0.46 31.83" 19.37 ¢ 0.61°° 265.45 ¢
PGPR,PSM 0.28° 26.48" 13.35" 0.51%° 198.20°

In each column means followed by the same letter (s) are not significantly different at P<0.05.

The root-shoot ratio (R/S) of non-inoculated and inoculated plants was calculated. Treatments with
PGPR and PSM significantly affected in terms of the R/S ratio (Table 3). Reduction in the root-
shoot ratio in the NK+PSM and PK+PGPR treatment indicated that the root is probably limited.
Reduction in the root-shoot ratio is owing to response to more favorable growing conditions. An
increase in the root-shoot ratio, on the other hand, revealed that a plant was probably growing
under less favorable conditions (Klaring and Kyuchukova, 2007). Shoot-to-root ratio in plants is
affected by the balance between shoot-specific (carbon supply) and root-specific activities. When
root growth is limited by a factor to be absorbed by the root system, then root growth is relatively
favored; conversely, when the limiting factor has to be absorbed by the shoot, its growth is
relatively favored. This observation concurs with several earlier studies that have reported positive
interactions between PSM and a wide range of PGPR, including phosphate-dissolving bacteria
(Molla et al, 2001; Zhuang et al, 2007; Saharan and Nehra, 2011). PGPR exert a direct effect on
plant growth by production of phytohormones, solubilization of inorganic phosphates, increased
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iron nutrition through iron-chelating siderophores and volatile compounds that affect the plant
signaling pathways. Additionally, by antibiosis, competition for space and nutrients, and induction
of systemic resistance in plants against a broad-spectrum of root and foliar pathogens, PGPR
reduce the populations of root pathogens and other deleterious microorganisms in the rhizosphere,
thus benefiting the plant growth. Generally, according to our findings application of PSM and
PGPR together could reduce P application by 50% without any significant reduction of growth
parameters of corn.
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Abstract: During the last years, land and water resources in Iran have suffered severe degradation. In this
regard governments of Iran have established several policies to sustainable management of natural resources.
Most of these efforts have taken top down strategy and often unsustainable. In recent year’s government has
developed participatory approach in sustainable management of land and water resources in several areas.
Hable-Rud program is one of these participatory programs to sustainable management of land and water
resources which is initiated as a joint program of UNDP and Islamic Republic of Iran in 1997. The degree of
popular participation in such programs is a major determinant of success or failure, but the factors which
make participation efforts successful still remained a mystery. This study was designed to discover this
mystery and determine the factors that influence local community participation in sustainable management of
land and water resources. The data for this study were gathered from 200 respondents through personal
interviews. The findings of study showed that level of participation in program was moderate to low;
however people preferred more involvement in social rather than economical and environmental activities of
program. Correlation analysis showed that five factors have positive and significant relationship with level of
participation. Regression analysis discovered that these factors provided the best prediction and explained 45
% of the variation in level of participation. These five factors were; satisfaction of prior programs, attitude
toward program, knowledge of program, monthly income from alternative occupation, and met expectations
of program.

Keywords: Community, Participation, Sustainable Management, Hable-Rud, Iran

Introduction

About 50% of the world population lives in rural area, and majority of them are poor with no
leverage to change their conditions. In order to bring change to these people, they need to be
involved in program formulation and implementation. At the World Conference on Agrarian
Reform and Rural Development (WCARRD) in 1979, the international community had linked the
reason for the failure of rural development initiatives to the lack of active participation of the
people in the development programs which were designed to assist them (FAO, 1992). There are
1.2 billion poor people in the world and 75 % live in rural areas and for the most part, they depend
on agriculture, and related activities for survival. Rural areas in many of developing countries
closely linked with agriculture, consequently to bring progress in the rural area requires changes
and improvements in the agricultural sector. In the other side agriculture is closely linked with land
and water resources, without land and water, agriculture are not possible. Moreover, because of
rural dependency to agriculture, without developing agriculture the rural development goals for a
sustainable livelihood cannot be met. The term participation has gained a lot of popularity during
the last few years, particularly in reference to sustainable agricultural and rural development
projects. The public participation today is demanding a greater role in decision making processes
about the management of natural resource (Gwena, 2007). There are several studies which
highlighted the importance of participation (Platt, 2006; Irvin & Stansbury, 2004; Ayee, 2001;
Clayton, et al, 1998; Wainwright & Wehrmeyer, 1998). In point view of Platt, lack of participation
in the society is one aspect of poverty. Irvin and Stansbury believed that citizen participation will
produce more public preference decision making. In point view of Wainwright & Wehrmeyer
participation by citizens and users presents an important concept and strategy for planners,
designers, community organizers, and government officials. After land reform in Iran, in early
1960s, the natural resources came to control and property of state and from that time government is
owner of all the natural resources. But in fact, the users of the natural resources are people of the
regions in which resources located and government has not been able to control and posses the
natural resources in practice. This issue is one of the chronic problems in natural resources
management in Iran that exacerbated natural resources degradation and non-sustainability (Haji
Rahimi & Hamed. 2008).
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During the last years, land and water resources in Iran have suffered severe degradation. According
to United Nation Development Program (UNDP); Iran is facing serious environmental challenges;
environmental and natural resources have been substantially degraded (UNDP, 2006). In this
regard governments of Iran have established several policies to sustainable management of natural
resources during the last years. Most of these efforts have taken top down strategy and often
unsustainable. In recent year’s government has developed participatory approach in natural
resources management in several rural areas. Hable-Rud Watershed Management program is one of
these participatory programs to sustainable management of land and water resources in Iran which
is initiated as a joint program of UNDP and Islamic Republic of Iran in 1997. The degree of
popular participation in such programs is a major determinant of success or failure, but many
opportunities for participation are met with little cooperation by citizens and the factors which
make participation efforts successful still remain a mystery especially in Iran participation is quite a
challenge for country with a long tradition of top-down management. Many studies have developed
numerous and sometimes different views concerning to the dimensions of participation. Many
studies on participation have been descriptive in nature and focused on distal factors; such as
demographic and socio economic variables; on who joins and participate in development programs
(Masiah, 2006). Internationally there are several researches that have utilized theoretical models to
predict the determinants of participation (Gilles, 1995; Wilson, 1997; Mahon, 1998; Dolisca, et al,
2006; Keough, 2006) but there is a limited research that has been conducted on the context of
participation with using theoretical model in Iran. In this study researcher attempts to analyze
people participation in WMP based on the previous literature and social exchange theory, to
examine the relationship of several factors with the level of participation to provide a better
understanding of the role of each variable in the level of people participation in WMP. The
framework of this study is based on social exchange theory. Central idea of social exchange theory
is that the exchange of social and material resources is a fundamental form of human interaction
(Ingoldsby & Smith, 1995). This theory basically asserts that people develop attitudes toward other
people and things in the context of anticipated personal benefits and costs to be derived from
contact with them. Activities that generate net benefits will tend to be perceived positively, while
those activities that generate net losses will tend to be perceived negatively (Napier & Napier,
1991). Social exchange theory poses that all human relations are formed by the use of a subjective
cost-benefit analysis and the comparison of alternatives. For social exchange theorists, when the
costs and benefits are equal in a relationship, then that relationship is defined as equitable. The
notion of equity is a core part of social exchange theory. In point view of Homans (1958) the
initiator of theory, social behavior is an exchange of goods, material goods but also non-material
ones, such as the symbols of approval or prestige. It also noted that individuals will enter into and
maintain a relationship as long as they can satisfy their self-interests and at the same time ensure
that the benefits outweigh the costs (Blau, 1964). According to Blau, in satisfactions human beings,
experience in their social associations, depend on the expectations they bring to them as well as on
the actual benefits they receive in them. The man who expects much from his associates is more
easily disappointed in them than the one who expects little, and the same degree of friendliness
might attract the first man to other people and discourage the second from associating with them.
Social exchange theory also is tied to rational choice theory and on the other hand to structuralism,
and features many of their main assumptions. Blau outlined three types of expectations of social
rewards: general expectation, particular expectation and comparative expectation. Spencer & Steers
(1980) have mentioned, met expectations in organizations are the extent to which once expectations
concerning to organizational life have been met on the job. By meeting or exceeding the
expectations of employees, organizations can decrease an individual’s level of intent to quit
(Turnley & Feldman, 2000). Organ (1998) proposed that supervisor fairness leads to employee
citizenship because a social exchange relationship develops between employees and their
supervisors, when supervisors treat employees fairly, social exchange and the norm of reciprocity.
Gouldner (1960) dictate that employees reciprocate. Organ suggested that organizational
citizenship behavior is one likely avenue for employee reciprocation. Expectations contribute to a
“norm of reciprocity” because individuals have certain beliefs about what a program should
provide to them as a participant in exchange for their efforts. To a certain degree, expectations are
formed from societal norms. By meeting or exceeding these expectations, program managers can
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establish a baseline of perceived support which could serve as a buffer keeping a participant from
leaving the program. Satisfaction depends on expectation, which is shaped by prior experience,
especially memorizing events of the recent past. Indeed this factor closely related to exchange
theory to understanding people behavior in relation to a subject. In terms of continuing
relationships, Blau believed that individuals will try to maintain those exchanges which have
proven to be rewarding in the past, to break off those which proved to be more costly than
rewarding, and to establish new relations which have a good chance of being more rewarding than
costly. Indeed fulfillment of a motivational desire, after need satisfaction has occurred, there is no
further motivation for gratifying that need. Many studies have shown that prior experience affect
on decision of people to participation in the current projects (Effati, 1992; Hibbard & Tang, 2004).
Participation in WMP may differ among people according to their socio demographic
characterizes. Thus, participation in watershed management involves a combination of individual
characteristics and as well as subjective evaluations. This individual characteristics influence
decision-making regarding household behavior whether or not participate in watershed
management programs. Several studies have shown that participation may depend on individual
characteristic such as age, gender, marital status, education, household size, income, etc (Hosseini,
et al, 2006; Zainuddin, 1977; Ilbery, 1978; McDowell, C, & Sparks, R, 1989). The differences in
emphasis on watershed perceptions, allow men and women to maximize their individual well
being. Knowledge, awareness, attitudes, and behavior are four interrelated components of an
individual’s action (Strauss, 1982). Education and knowledge are also important determinants of
how benefits from watershed management programs are perceived. People cannot be expected to
exhibit positive attitudes toward watersheds if they are unaware of the benefits and cost associated
with their participation. Education and knowledge about watershed management issues make
people more positive in their views. Prior to an individual’s attitude and behavior, one has to have
knowledge or awareness of the object, even, or problem under consideration. therefore, the
cognitive mechanism of participation, in certain activities include communication, utilization of
information, and a better understanding by individuals of activities in which their participation is
sought (Hamid, 1996 ). Some studies revealed that education and knowledge are important
determinants of how benefits from development programs are perceived. People cannot be
expected to exhibit positive attitudes toward forest if they are unaware of the benefits and costs
associated with their participation. Education and knowledge about forest conservation issues make
people more positive in their views (Infield, 1988; Heinen, 1993; Mkanda & Munthali, 1994).
Better informed and educated people should be more aware of potential benefits to be derived from
the forest than individuals who are ignorant and illiterate. An attitude is a hypothetical construct
that represents an individual's degree of like or dislike for an item.

Attitudes are generally positive or negative views of a person, place, thing, or event- this is often
referred to as the attitude object. Attitudes are generally viewed as one’s relatively enduring
affective, cognitive and behavioral dispositions toward various aspects of the world including
persons, events and subjects. It has been generally believed that attitude change is necessary before
other behavioral modifications can be effected. Abu Samah found that” there is positive
relationship between farmer’s attitude toward program and intensity of farmer’s participation in
agricultural development program. Kraft et al (1996) found that’ farmers with a negative attitude
toward governmental involvement with wetland regulations were less likely to want to participate
in the water quality incentives program. Rishi (2003) outlined that understanding of attitudes is one
of the central concerns in social life and is vital for bringing desired change in the behavior. Social
actions of people or program personnel are directed by their attitudes. By knowing the attitudes, it
may be possible to do something about the prediction and control of their behavior, which may be
ultimately useful for the more successful implementation of programme. Shahroudi and Chizari
(2008) in their study in Iran found that there is significant and positive relationship between
farmer’s attitude and their participation in irrigation networks management. Vicente and Reis
(2008) expressed, positive attitudes toward recycling and information are important factors in
explaining recycling participation.
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Material and methods
Hable-Rud basin located in north part of Iran, between altitudes 51.39° and 53.08 north and
longitudes 34 26’ and 35 57’ east. This area has 57000 household distributed in 704 villages and
includes the region that is characterized by high population density, land and water resource
degradation and declines in agricultural productivity; posing significant challenges to rural peoples
to provide for the growing population, while maintaining the productivity of natural resources.
Based on literature review, a set of factors were adopted as independent variables to examine their
relationship with level of people to participate in WMP. Data in this study mainly drown from the
survey questionnaire. Development of the survey instruments was formed based on literature
review and interviews with program staffs and also with participants in three villages in study area
prior to actual data collection. Based on above procedure, specific questions addressing some of the
measurements of the independent and dependent variables were extracted to test their relationship
with level of participation. Socio demographic characteristics were measured depending on its
appropriateness. Knowledge instrument were employed two point scales for measurement, attitude
instrument were employed five point likert scales for measurement, and satisfaction of prior
programs instruments were employed three point scales and level of people participation were
measured with five point scales. Once the instruments were developed, it was reviewed by a panel
of experts in UPM, SCWMRI, and FRWMO, in Iran to ensure the content validity of the
instruments. A pilot test was carried out among thirty respondents during the August 2008. The
Cronbach Alpha that is greater than 0.70 was used to measure the reliability of the instruments.
Results of the computed reliability coefficients were; .812, .806, .937, .816 and .903 for
knowledge, attitude toward WMP, satisfaction, expectations and participation in WMP,
respectively. The selection of a sample for this study was multi stage random sampling procedures.
In the first level, the name of villages and number of their population was obtained from project
office and Statistics Center of Iran (SCI), and based on Israel G. D, (1992) adequate sample size
determined for gathering data for this study. Based on the sample size formula and with regard to
population of study area, a total of 200 respondents were determined as sample size of this study.
In the second level three villages selected randomly to get determined sample size. In the last level,
name of all participants’ households in each selected villages were listed. Finally respondents
randomly were selected from each selected villages. Data for this study were collected through
personal interviews by using a questionnaire during the August and September 2008. Descriptive
analysis, Parsons Product moment correlation, and regression analysis was used to analyze the data
in this study.
Results
Findings of study showed that educational level in study area was relatively high (18 % diploma
and high) and mean of respondents age was 46 years. Study also showed that main occupation of
the majority was farming (55 %) and average of their total monthly income was 3.5 Million Rial
per month. Findings of study also showed that average land ownership of the respondents was 3.12
hectares and 8.5 % of the respondents were landless. Study also showed that 58% of respondents
were member at least in one local group and 47.5 % of respondents were joined to program with
their self interest. Descriptive analysis of data showed that level of respondent’s knowledge of
WMP was low, however they were indicated positive and relatively high level attitude toward
WMP. Findings of study also showed that respondent’s expectations of WMP and their satisfaction
of prior programs were moderate to high. Study showed that level of overall participation in WMP
was moderate, however respondent’s were preferred more involvement in social activities rather
than economic and environmental. Table 1 shows the summary of respondent’s knowledge of
WMP, attitude toward WMP, satisfaction of prior programs, expectation of WMP and participation
in WMP.

Table 1: level of knowledge, attitude, expectation, satisfaction and participation in WMP

Knowledge Attitude Satisfaction Expectation Participation
Level of WMP(%) Toward WMP(%) of WMP(%) of WMP(%) In WMP(%)
Low 39.0 7.00 27.0 14.5 375
Moderate 50.5 87.5 49.5 48.0 57.0
High 10.5 3.50 23.5 37.5 5.50
Total 100 100 100 100 100
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Pearson’s product moment correlation analysis showed that, income, satisfaction of prior programs,
attitude toward WMP, expectation of WMP and knowledge of WMP all have significant and
positive relationship with level of participation. Table 2 shows the summary of the correlation
analysis between independent variables and level of people participation in WMP. Based on this
table satisfaction of prior WMP have highest relationship (r =.518, p=.000) with level of
participation in WMP and followed by attitude toward WMP (r =.489, p=.000), Knowledge of
WMP (r =435, p=.000), met expectations of WMP (r=.411, p=.000), total monthly income(r=.177,
p=.012) and alternative monthly income (r =.158, p=.025).

Table 2: Correlation between independent variables and level of participation

Independent variables (r) (p)
Age -.065 358
Household size -.050 480
Main income .013 .589
Alternative income 158 .025
Total income 177 .012
Land ownership .073 307
Knowledge of WMP 435 .000
Attitude toward WMP 489 .000
Expectation of WMP 411 .000
Satisfaction of prior WMP 518 .000

The stepwise method of regression was employed to determine the significant contributions among
the predictor variables in explaining participation. A summary of the stepwise multiple regression
procedure was presented in Table 3. This procedure was set at 0.05 significant levels. New
independent variables were to be included in the analysis when they contributed significantly
(p=0.05) to the multiple regression coefficient (R). ANOVA Table showed that the data fit to the
model (F=31.759, sig-t =.000, Durbin Watson, 1.92). First step of regression model was
started with satisfaction variable based on zero order correlation that had the highest correlation
with participation (r=.518). The other variables were chosen to enter the model based on the
highest partial correlation. Finally, with the combination of the five variables, the model 5 with
highest R square (R= 45 %) was the best model for this study. Satisfaction of prior projects was
the first independent variable to enter the analysis. This step yielded R-value of 0.518, reflecting
the most powerful variable. The satisfaction score explained about 26.8 % of variance in the
dependent variable. Additional variables included in the analysis were based on how well they
improved the prediction from the predicting variable. Attitude toward WMP represented the second
variable included in the analysis. This variable explained another 9.5 % of the variance in the
dependent variable. The improvement accrued from the knowledge, alternative income, and
expectation of WMP were; 4.9 %, 2.4 %, and, 1.4 % respectively. Study showed that these five
independent variables explained 45 % of variation in the dependent variable. The proposed
prediction equation of this study for overall factors was:

Y=0.32X1+0.18X2+ 0.25X3+.0.16X4+0.15X5

Where:

Y= Level of participation in WMP
X1= Satisfaction of prior WMP
X2 = Attitude toward WMP
X3=knowledge of WMP

X4= Alternative income

X5= Expectations of WMP
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Table 3: Multiple regression for overall factors on level of participation

Variables Standardized Beta r R R’ R”*change

Satisfaction of prior program 322 518 S18 268 -

Attitude toward WMP 183 489 .603 363 .095

Knowledge of WMP 248 435 .642 412 .049

Alternative income 159 158 .661 436 .024

Expectations of WMP .148 411 .671 450 .014
Conclusion

Based on the findings of this study it can be concluded that, a person who was more satisfied with
previous programs, more likely to participate in watershed management programs activities, this is
consistent with social exchange theory and with findings of Effati, (1992) and Hosseini, et al
(2006) which found positive correlation between participation and satisfaction of prior programs.
Study also showed that those who are more knowledgeable about program, more likely to
participate in WMP, this result also congruent with findings of, Infield, (1998), Abu Samah,
(1992), Heinen, (1993), Mkanda, (1994)], Fiallo and Jacobson, (1995), which found positive
relationship between knowledge and level of participation. In addition study indicated that people
who has positive attitude toward program more likely to participate in program. These findings also
are consistent with results of Abu Samah, (1992), Kraft, et al., (1996), Rishi, (2003), Shahroudi and
Chizari, (2008), Vicente (2008) and Asadi, et al., (2009) in their research that found significant
relationship between attitude and level of participation. Findings of study showed that those who
are met more his or her expectations of program; more likely participate in program, this finding
also consistent with social exchange theory and with findings of Turnley & Feldman, (2000) and
Organ, (1988). Finally study showed that a person who have high income more likely to participate
in program activities, this finding also congruent with findings of McDowell and Sparks,(1989),
Abu Samah, (1992) which found significant relationship between level of respondent participation
in developing programs with their level of income. Results of this study showed that there are a
large number of young potential work forces in the study area. This work force should be
mobilized by program managers to generate additional projects by developing the program
activities and alternative occupation along this project. Study also showed that the level of income
in the study area is low, and poverty is spread among the rural people. Based on the above
recommendation and availability of work force, creating new jobs can help and reduce the
incidence of poverty among people in the study area. Study also showed that local organizations
such as rural council have an acceptable place in study area and can help to develop efforts in
WMP. Thus, program managers should continuous to provide material, technical, and advisory
support to further mobilize these organizations to enhance people’s participation in WMP. Study
discovered that meeting the expectations of WMP has a positive relationship with the level of
participation. However, people meeting the expectations were relatively low. Thus, more effort is
needed for WMP management to consider people expectations in order to promote people
participation in WMP. Study showed that the respondent’s knowledge of WMP has a positive
relationship with the level of participation. Nonetheless, the overall people knowledge of WMP
was relatively low. Thus, more effort is needed for WMP management to deliver information on
WMP to promote people participation in WMP. Study also showed that the respondent’s attitude
toward WMP has a positive relationship with the level of participation. This is a potential for the
managers to develop such programs. Thus, more effort is needed for WMP management to develop
WMP activities. Study also recommends that similar research should be conducted in other WMPs
to validate the findings of this study and a more in depth study should be done by incorporating
other variables such as; people trust to government, people trust to project staff and attitude toward
government and project staffs, to further enhance the identification of factors that affect people, s
participation in WMP to improve the prediction of the level of people’s participation.
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Abstract

Insecticides are used in modern agriculture in large quantities to control pests and increase crop yield. Their
use, however, has resulted in the disruption of ecosystems because of the effects on non-target soil
microorganisms, some environmental problems, and decreasing soil fertility. These negative effects of
synthetic pesticides on the environment have led to the search for alternative means of pest control. One such
alternative is use of natural plant products such as azadirachtin that have pesticidal activity.

The aim of this experiment was to study the effect of soil contamination by azadirachtin (C;5sH440;6) on
dehydrogenase (DHA) and catalase activity (CA) of soil under field conditions in Perm, Russia. The tests
were conducted on loamy soil (pHpo 6.7, ECyyo 0.213 dSm™, organic carbon 0.99%), to which the
following quantities of azadirachtin were added: 0, 15, 30 and 60 mL da™ of soil. Experimental design was
randomized plot design with three replications. The DHA and CA analyses were performed 7, 14 and 21 days
after the field experiment was established.

The results of field experiment showed that azadirachtin had a positive influence on the DHA and CA at
different soil sampling times. The increased doses of azadirachtin applied resulted in the higher level of DHA
and CA in soil. The soil DHA and CA showed the highest activity on the 21th day after 60 mL azadirachtin
da™ application doses.

Keywords: Azadirachtin, soil, enzyme, dehydrogenase, catalase

Introduction

One of the side effects of the application of pesticides is that these chemicals accumulate in
soil. Pesticides are biologically highly active, therefore they will have an effect not only on
the organisms subjected to their activity but also on a number of other organisms present in
this environment, many of which are useful in nature. Such side effects are compounded by
long degradation times of some pesticides in soil (Wyszkowska, 2002). Persistence of
these xenobiotics in soil depends on several factors determining the rate of their
disappearance from the environment, of which the chemical structure of the active
substance of a preparation, its chemical properties, formation of bonds with other
compounds and biodegradability are most significant (Chapman et al., 1981; Demoute,
1989). An important role is also played by environmental and agricultural factors,
including temperature, pH, moisture, soil type, organic matter content, fertilisation and
count and activity of soil microorganisms (Pedziwilk, 1995; Kizilkaya, 1997;
Wyszkowska, 2002).

Degradation of pesticides is catalysed by enzymes excreted by microorganisms, producing
in effect some intermediate metabolites, which may have a selective influence on soil
microflora. Accurate determination of such modifications occurring during microbiological
and biochemical processes is essential for sustaining and regenerating the fertility of soil
(Wyszkowska, 2002). An assay of the enzymatic activity of soil, especially the activity of
enzymes involved in the conversion of C, N and P, can be regarded as a good indicator of
the effect of pesticides on soil metabolism, and also soil enzyme activities are very
sensitive to both natural and anthropogenic disturbances, and show a quick response to the
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induced changes (Dick, 1997). Therefore, enzyme activities can be considered effective
indicators of soil quality changes resulting from environmental stress or management
practices.

The aim of the studies was to evaluate the effects of azadirachtin on dehydrogenase and
catalase enzyme activity in soil. Specific objectives were as follows: (i) to determine the
effects of different azadirachtin application doses on dehydrogenase (DHA) and catalase
(CA) activity, and (ii) to determine changes in the DHA and CA were determined in soil
samples taken in 7, 14 and 21 days after the field experiment.

Materials and Methods

Experimental field and climate: The field experiment was conducted at the Experimental
Station of Perm State Agricultural Academy, Perm, Russia (57056'00" N, 56°14'59" E) at
an altitude of 127 m above mean sea level (Figure 1). The data on climatic parameters such
as precipitation and temperature are shown in Figure 2.

Figure 2. Climat data in Perm, ussia

Soil: The soil of the experimental site is loam (31.4% sand, 45% silt, 23.6% clay). A
composite surface soil sample from 0-20 cm depth was collected from the experimental
site before initiating the experiment and was analyzed for physicochemical properties
according to Rowell (1996) and Jones (2001). Soil samples were air dried at room
temperature; sieved with <2 mm screen. The basic physico-chemical characteristics of the
soil are as follows: pH (1:1, soil:water): 6.70, electrical conductivity (1:1, soil:water): 0.81
dSm’l; CaCOs content: 0.04%; total organic carbon: 0.99%; total nitrogen: 0.086%;
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available phosphorus (0.5M NaHCO; extractable P): 13.34 mgkg™, and exchangeable
potassium (1IN NH4OAc extractable K): 1.382 cmol(+).kg". The soils had no history of
receiving any pesticide treatment six months prior to this study. Experimental soil was
classified as “Albic Luvisol” according to the FAO (2006).

Azadirachtin (C3sH44O16) : The azadirachtin (NeemAzal®~T/S) was imported by VIT,
Turkey. This insecticide (10g azadirachtin L) was used as technical and added to soil.

Experimental design: This experiment was conducted to determine the effects of
azadirachtin on soil enzyme activities under field conditions. Experimental design was a
randomized plot design with three replications, and was established June 26, 2011. Each
plot was an area of 1 x 1 m. The treatments were: (1) control: 0 mL azadirachtin da’, (2)
low application doses: 15 mL azadirachtin da”, (3) recommended application doses: 30
mL azadirachtin da”, (4) high application doses: 60 mL azadirachtin da™, respectively. In
order to homogenoeus azadirachtin application in soil, azadirachtin were applied in 2.5 L
water per m”. Changes in the dehydrogenase and catalase activities were determined in soil
samples taken in 7, 14 and 21 days after the field experiment was conducted.

Soil sample preparation: Field moist soils were collected and brought to the laboratory in
properly labeled and sealed polythene bags. The sieved soil samples (<2 mm) were
homogenized and kept in polyethylene boxes, and also stored at 4 °C until the analyses
were carried out. The acclimatized soil samples were used for the enzyme analyses.

Enzyme analyses: To assess the enzyme analyses to the adjustments in the soil variables,
with and without pesticides, enzyme analyses were estimated by following methods.
Dehydrogenase activity (DHA) was determined according to Pepper et al (1995). To 6 g of
sample 30 mg glucose, 1 ml of 3% TTC (2,3,5-triphenyltetrazoliumchlorid) solution and
2.5 ml pure water were added and the samples were incubated for 24 h at 37°C. The
formation of TPF (1,3,5 triphenylformazan) was determined spectrophotometrically at 485
nm and results were expressed as pg TPF g™ dry soil.

Catalase activity (CA) was measured by the method of Beck (1971). Ten ml of phosphate
buffer (pH, 7) and 5 ml of a 3% H,0, substrate solution were added to 5 g of soil. The
volume (ml) of O, released within 3 minutes at 20°C was determined. Three replicates of
each soil were tested and controls were tested in the same way, but with the addition of 2
ml of 6.5% (w/v) NaNs. Results were expressed as ml O, g dry soil.

Statistical analysis: All data were analyzed using SPSS 11.0 statistical software (SPSS
Inc.). Analysis of variance (ANOVA) was carried out using one-factor randomized
complete plot design; where significant F-values were obtained, differences between
individual means were tested using the LSD (Least Significant Difference) test, with a
significance level of P<0.01. All figures and tables presented include standard deviations
of the data and F-values. The asterisks, * and ** indicate significance at P<0.05, and
0.001, respectively.

Results and Discussion

Dehydrogenase (DHA) and catalase (CA) activity varied significantly in response to
azadirachtin application doses over time (Table 1). The DHA and CA in different doses of
azadirachtin applied soils during the experiment are shown in figure 3.
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Table 1. Azadirachtin impacts on dehydrogenase and catalase activity in soil at different
sampling times

Enzyme Soil Azadirachtin application doses
activity fﬁnmeihng Control 15mL da™! 30 mL da™! 60 mL da™!
7 dave 101,01 121,59 144,08 174,95
Y (4,02) (3,68) (6,37) (6,37)
91,48 124.26 142,93 165,80
DHA 14 ; ; ; :
days (4,57) (2,88) (7,50) (5,72)
51 davs 99,10 117,01 131,50 144,08
Y (6,99) (3,49) (5,72) (4,12)
7 dave 40,14 4771 50,29 5572
Y (2,04) (2,06) (3,28) (2.,88)
40,50 50,15 54.94 66,38
A 14 B B D) B
¢ days 2,72) (3,55) (3,10) (5,53)
51 dave 40,91 61,14 72,59 85,97
Y (2,40) (1,60) (2,07) (2,28)

Notes: Standard deviation are shown in parentheses.
DHA = Dehydrogenase activity (ug TPF g dry soil), CA = Catalase activity (ml O, g dry soil)

100 1

Soil sampling times 125 Soil sampling times
’ 110
@7th ®14th DO21th O7th B14th O21th
= 100 1
75
g 36 :: 75
A ’ g
E' 50 4 43 E-
E" 36 33 g 30 1
£ g
:; 54 208 . £
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15mL/da 30mL/da 60mL/da 15 mL/da 30mL/da 60 mL/da
Azadirachtin application doses Azadirachtin application doses
(a) (b)
Figure 3. The changes of DHA and CA in different doses of azadirachtin applied soils
a) Dehydrogenase activity (DHA) b) Catalase activity (CA)

Considerable variations in DHA and CA were found for the different doses of azadirachtin
at different sampling times. Statistically significant variations were found in DHA and CA
at various azadirachtin application doses. The DHA and CA were also affected by
incubation period. The analysis of variance of the results obtained in our experiment on the
periodic sampling times with azadirachtin showed that all factors (azadirachtin doses and
soil sampling times) significantly influenced DHA and CA (Table 2). After azadirachtin
application a rapid and significant increase in DHA and CA were observed in soils. At the
end of the sampling times, the DHA and CA measured in azadirachtin applied soils were
statistically different from those measured in the control soils.

Biological oxidation of organic compounds is a dehydrogenation process (Tabatabai 1982);
mediated by many different intracellular and specific dehydrogenases. Therefore,
dehydrogenase activity (DHA) of soil is supposed to reflect microbial activity (Skujins
1976; Kumar and Tarafdar, 2003). The activity of dehydrogenase is considered an
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indicator of the oxidative metabolism in soils and thus of the microbiological activity
(Skujins 1973), because, being exclusively intracellular, it is linked to viable cells
(Quilchano and Maranon, 2002; Kizilkaya, 2008). At all sampling times, significant
positive effects were observed for all azadirachtin application doses. Dehydrogenase
activity was found to be max. stimulated by doses of 600 mL azadirachtin da”'. The
maximum increase value was 81% (600 mL azadirachtin da”, 21 days after application)
(Figure 3a). The experimental data are consistent with results reported by other authors on
the effect of different pesticides on this enzyme. Dinelli et al. (1998) and Accinelli et al.
(2002) reported that sulfonylurea herbicides at a rate up to 20 mg kg-1 inhibited
dehydrogenase activity. The results Radivojevi¢ et al. (2008) showed a decreased activity
of dehydrogenase under all atrazine concentrations (8.0, 40.0 and 80.0 mg kg™) from the
Ist to the 30th day after atrazine application. The decrease ranged: 12.5-18.2% for 8.0 mg
concentration, 4.8-24.8% for 40.0 mg, and 6.6-39.6% for 80.0 mg.

Table 2. Results of ANOVA

Variables DHA CA

F-Value LSDCI:O.OI F-Value LSD(IFO.OI
AAD 243 44(Q%** 6.994 145.020%** 3.996
SST 17.426%** 6.057 98.740%** 3.461
AAD x SST 6.419%** 12.113 14.037%%* 6.922

AD = Azadirachtin application doses, Soil sampling times
™ not significant * P<0.05, ** P<0.01, *** P<0.01

Biological oxidation of organic compounds is a dehydrogenation process (Tabatabai 1982);
mediated by many different intracellular and specific dehydrogenases. Therefore,
dehydrogenase activity (DHA) of soil is supposed to reflect microbial activity (Skujins
1976; Kumar and Tarafdar, 2003). The activity of dehydrogenase is considered an
indicator of the oxidative metabolism in soils and thus of the microbiological activity
(Skujins 1973), because, being exclusively intracellular, it is linked to viable cells
(Quilchano and Maranon, 2002; Kizilkaya, 2008). At all sampling times, significant
positive effects were observed for all azadirachtin application doses. Dehydrogenase
activity was found to be max. stimulated by doses of 600 mL azadirachtin da”. The
maximum increase value was 81% (600 mL azadirachtin da”, 21 days after application)
(Figure 3a). The experimental data are consistent with results reported by other authors on
the effect of different pesticides on this enzyme. Dinelli et al. (1998) and Accinelli et al.
(2002) reported that sulfonylurea herbicides at a rate up to 20 mg kg-1 inhibited
dehydrogenase activity. The results Radivojevi¢ et al. (2008) showed a decreased activity
of dehydrogenase under all atrazine concentrations (8.0, 40.0 and 80.0 mg kg™) from the
Ist to the 30th day after atrazine application. The decrease ranged: 12.5-18.2% for 8.0 mg
concentration, 4.8-24.8% for 40.0 mg, and 6.6-39.6% for 80.0 mg.

The CA is sensitive to both natural and O, level, and shows a quick response to induced
changes. Also it may be affected by cast formation by earthworm in anaerobic condition.
The CA is based on the rates of oxygen release from the added hydrogen peroxide, and
may be related to the metabolic activity of aerobic organisms (Glinsky et al., 1986;
Kizilkaya et al., 2004; Kizilkaya and Hepsen, 2007). The changes in CA as influenced by
the application of azadirachtin are presented in Table 1 and Figure 3b. All application
doses where an azadirachtin was applied were found to increase the CA significantly in
comparison with control. The maximum increase value was 110% (600 mL azadirachtin
da’', 21 days after application).

43



POLICIES FOR SOIL HEALTH MANAGEMENT IN AGRICULTURE

Conclusion

In this investigation, azadirachtin was applied at different concentrations on the soil for 21
days. Short-term changes or stimulation were observed in the activities of the enzymes
studied. However, at the end of the experimental period, these activities were significantly
stimulated. The present findings mean that the azadirachtin is only relative safe pesticides
which could not cause environmental risk and would not cause an ecological problem from
the microbial point of view.
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Evaluation of physiological growth stage of faba bean to drought

* Shamil Y. H. M. A Al-Hamdany ** Caser G. Abdel

* Horticulture Department, Agriculture & Forestry College, Mosul University, Mosul, Iraq
** Horticulture Department, Agriculture College, Dohuk University, Kurdistan Region, Iraq

Abstract: This study was carried out during fall season of (2003 - 2004) at Danadan Research Station ,
Mosul University , Mosul city center. The experiment were included in this investigation to evaluate the
response of faba bean cultivars namely (French, Syrian, Tacka357, Towaytha and Babylon) and therefore the
experiment was conducted to study the designed to detect which plant physiological stage is the most
sensitive to water stress and thus complementary watering was ceased either during (Vegetative, Flowering
or pod growth and seed filling stages). The results showed that Pod development and filling stage appeared to
be the most water stress sensitive stage a sit showed a reduction of (97.91 cm) in plant height and (21.08 cm)
in pod length and (4.78) in number of seed / pod and (559.76 g-m™) in dry pods weight and (434.39 g-m™ ) in
dry seed yield and (144.53 g) in 100 seed weight as compared to check. So we can concluded that we have to
irrigate the plants very well till ripening of pods and seed to get a good quality. French and Syrian cultivars
might be classified as semi conservative cultivars since they have the ability to keep partial stomata close for
CO, exchange to match with normal photosynthesis accompanied by significant transpiration reduction,
while Towaytha and Babylon cultivars appeared to be conservative cultivars. The determinate Tacka 375
cultivar could be categorized as drought escapable cultivar since it matures nearly more than two weeks
before the other corresponding cultivars.

Introduction

Faba bean Vicia faba L. crop is Mediterranean basin origin (Summer field and Roberts, 1985).
However, faba bean production in this region facing serious problems owing to the synchronization
of rapid temperature increases accompanied by low rainfall incidences with fruit setting , pod
development and seed filling at the end of the growing season (Loss and Siddique, 1996 and Abdel,
1997).China is the highest faba bean producer and consumer as well where it produces (2.7
ton.year™') which constitute (65%) of the overall global faba bean production , followed by Ethiopia
(9%) and Egypt in the third order as it produces (262 ton.year"). However, in Iraq, faba bean is a
secondary crop and it consumed as boiled green mature pods or boiled seed (Abdel, 1993).
Recently, (consumptions are increased since it possesses a relatively high protein content 23-42%
(Stan, 1997), and considered the highest protein producing legume crops owing its higher yield 5
t.ha™ (Schulz et al., 1999).

In area where supplementary irrigation is required such as Northern Iraqi provinces where the
water demand at varying physiological phases is of high significance in order to aid faba bean
plants during the critical stage to ovoid yield reductions (Abdel, 1997). Subsequently Faba bean
growth was categorized to vegetative, flowering, fruit setting, pod swelling and seed filling phases;
it was found that pod swelling and seed filling were the most critical drought susceptible stages (El-
Nadi et al, 1969). However , vegetative stage was found to be less effective and manifested the
recovering capability (El-Nadi, 1970) , followed by flowering stage which was found to be less
sensitive than on coming stage owing to the ability of Faba bean plants to produce profuse number
of flower where setting of (10%) of these flower may be adequate to ensure sufficient pod number.
Therefore, pod swelling and seed fillings are the most drought susceptible stages where watering
should be applied if which otherwise yield would be greatiy reduced (Doss et al., 1974 and
Milburn, 1974).

Sustaining adequate watering during pod swelling and seed filling stages resulted in maximum faba
bean yield (French et al., 1976; Sprent et al., 1977; Nairizi and Rydzewski, 1977). Moreover Stock
(1977) obtained the highest yield with adequate watering from flowering to harvesting. Faba bean
production risk maintained throughout the growing season unless the seeds are completely matured
(El-Sarrag et al., 1988; Abdel, 1993). Yield reducation was reported when plants were exposed
water scarcity during flowering stage (Sparrow et al., 1995; Sanders, 1997). The attributed their
results to the influence of drought on nitrogenase activity. Mwanamwenge et al. (1999) confirmed
the significance of irrigating faba bean plants during pod swelling and seed fillings.

45



POLICIES FOR SOIL HEALTH MANAGEMENT IN AGRICULTURE

The objective of this investigation was to detect the yield reduction that resulted from irrigation
casement during varying growth phases of five faba bean cultivars in order to improve water
consumptive use and water use efficiency.

Materials and methods

This experiment was carried out during fall season of (2002-2003) at Danadan Field of Research,
Mosul University, to evaluate the response of five faba bean cultivars namely (Aquadulce, Local
Syrian, Taka 357, Towatha and Babylon). Seed were obtained from Atomic Energy Organization,
Baghdad.

Split Plot within Factorial Randomized Complete Block Design (split F-RCBD) was chosen where
supplementary irrigation represented the main plot (A): (a; RWW) supplementary irrigation was
ceased during the vegetative stage (from germination till the appearance of first flower) , (a,
WRW) supplementary irrigation was ceased during the flowering stage (the appearance of first
flower to the commencement of pod setting) , (a3 WWR) no irrigation during the pod swelling and
seed fillings stage and (a; WWW) continuous irrigation was applied throughout the growing sesson
where plants were irrigated whenever (25%) of available water capacity of soil was depleted to a
depth of (30 cm). The Sub main plot (B) was dedicated to the above mentioned five faba bean
cultivars. Supplementary, (20 treatments) were included in this experiment, each treatment was
replicated three times and a replicate was represented by a furrow of (0.75 m) width and (4 m)
length planted on both sides with (0.2 m) plant intra space.

Filed soil was plowed twice horizontally and once more vertically then dissected to fit the
experimental design. Gypsum block were positioned at each replicate to (25 and 50 cm) soil depth
(Heerman and Juma, 1993; Ruggiero et al., 1999), in order to truck soil moisture fluctuation
throughout the growing season. Finally, main plots were separated by (4 m) spaces to avoid water
seepage among them.

Seed were sown on(November 5™ 2003) then plants were thinned to two plants per hill. Weeds
were manually eradicated throughout the growing season, thereafter; plants were fertilized twice by
(NP 27:27) at rate of (150 kg.ha™) on December (20" 2003) and repeated on (February 10" 2004)
(Cochran and Schlentner, 1995). Benomyl systematic fungicide was applied as protective spray at
rate of (I mLI") (McEwen and Yeoman, 1979). Malathion at rate of (2 mLI") was sprayed to
control Black Aphid. Parameters were taken from (10) selected plants from each replicated.
Therefore , Plant height (cm) , Branches number per plant , Leaf area index , Flowering nodes
number on main stem , Flower number per inflorescence , Setting percentage , Pod number on
main stem , Pod length (cm) , Seed number per pod , Fresh weight of vegetative parts and mature
pods (g.m™) , weight of mature pods (g.m™) , Pod dry weight (g.m™) , Yield of dry seed (g.m?) and
weight of 100 seeds (g) were recorded.

Results and discussion

The influence of ceasing supplementary irrigation during varying physiological phases of
growth on vegetative growth of faba bean.

The obtained results (Table, 1) revealed that sustaining adequate irrigation during the entire growth
(WWW) Substantially increased plant height (11.1%) in relation to (WRW) , branches number
(12.2%) as compared to (RWW). Results also confirmed that exposing faba bean plants to water
scarcity during flowering (WRW) and pod swelling and seed fillings (WWR) stages highly reduced
all detected parameters. These results can be attributed to the plant capability to recover the adverse
of drought that occurs at early vegetative growth since they're going to be enough time for curing
and substituting the lost growth (Abdel, 1982; Sparrow et al., 1995).

Towatha cultivar gave the highest plant height (114.89 cm) , as compared to other cultivar. Syrian
cultivar significantly exceeded Taka 357 in leaf area index (28.64). The lowest vegetative growth
was accompanied to the determinate Taka 357 cultivar. It gave the lowest plant height (50.68 cm) ,
leaf area index (10.71). However it manifested the highest branches number per plant (13.41) and
thus this cultivar showed lower completion ability as compared to other cultivar, despite its highest
branching Taka 357 still cannot complete other cultivar growths.

Dual interaction results exhibited that the Towatha (RWW) was the best treatment in term of
branches number per plant (6), whereas under (WWW) Aquadulce cultivar was the best in term
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plant height (123.10 cm), and under (WWW) Syrian cultivar was the best in term leaf area index
(33.65). The worst results were found in Taka 357 (RWW) treatment in term of plant height (49.66
cm) , and leaf area index (9.91) with (WWR). It is worthy to recall that this cultivar gave the
highest branches number per plant (14.33) under (WWW).

From this study it could be inferred that drought possesses direct influences on vegetative growth
traits. However the influences during early growth stage was slight and being more severe through
out the growing season particularly in lattes growth of plants were fruit setting , pod swelling and
seed fillings. These finding were in agreement is with those reported by (El-Beltagy and Hall,
1974; Moursi et al., 1978; Obroucheva, 1992; Link et al., 1999). They found slight effects of
drought when faba bean plants were exposed to drought and they attributed their results to the
substantial influences of drought on cell expansion sand exiguously affects on cell divisions.
Therefore stunting was coincided to droughted plants which showed closer internodes as compared
to well irrigated plants.

Table 1. The influence of ceasing supplementary irrigation during varying physiological phases of growth on
vegetative growth of five varieties of beans during the growing season (2003-2004).
1- Plant height (cm)

cultivars WWW RWW WRW WWR Mean
Aquadulce 123.10 a 117.53 a-c 108.96 b-d 107.46 b-e 114.26 a
Local Syrian 119.13 ab 113.26 a-d 104.66 de 111.83 ad 112.22 ab
Taka 357 5223 f 49.66 f 50.16 f 50.66 f 50.68 ¢
Towatha 119.80 ab 112.86 a-d 113.53 a-d 113.36 a-d 114.89 a
Babylon 118.93 a-c 109.30 b-d 96.43 ¢ 106.23 c-e 107.72 b
Mean 106.64 a 100.52 b 9475 ¢ 97.91 be 99.95
2-Branches number per plant
cultivars WWW RWW WRW WWR Mean
Aquadulce 7.33 b-d 7.00 b-d 933 b 6.66 cd 7.58 b
Local Syrian 933 b 8.00 b-d 7.00 b-d 9.00 be 833 b
Taka 357 1433 a 1233 a 13.00 a 14.00 a 13.41 a
Towatha 7.66 b-d 6.00 d 7.66 b-d 8.00 b-d 733 b
Babylon 7.66 b-d 7.33 b-d 6.66 cd 7.33 b-d 725 b
Mean 9.26 a 8.13 b 8.73 ab 9.00 ab 8.78
3-Leaf area index
cultivars Www RWW WRW WWR Mean
Aquadulce 27.60 a-e 22.08 de 31.02 a-c 23.07 c-e 25.94 ab
Local Syrian 33.65 a 28.30 a-d 20.44 de 32.16 ab 28.64 a
Taka 357 11.39 f 9.92 f 11.62 f 991 f 10.71 d
Towatha 26.47 a-e 22.08 de 24.47 b-e 23.25 c-e 24.07 be
Babylon 19.74 de 23.58 c-e 20.52 de 19.42 e 20.81 ¢
Mean 23.77 a 21.19 a 21.61 a 21.56 a 22.03

* Means followed by the same letter within a column do not differ significantly from each other using Duncan's
Multiple Range Test at 5% level.
The influence of ceasing supplementary irrigation on flowering of faba bean.
The obtained results (table, 2) confirmed no variation in detected flowering traits in adequate
irrigation treatments. These results might be referred to adequate rainfall incidences during
flowering stage which synchronized with February to the commencement of March. On other hand
significant differences in cultivar responses were observed in flowering traits. These differences
might be due to cultivar growth habits genome variation and cultivar capabilities in cold resistance
were plants exposed to three days period chilling (14.8 C°) in February.
These chilling period may adversely influenced on some cultivars since there were no significant
differences were observed among Aquadulce , Syrian , Towatha and Babylon despite their
superiority over Taka 357 in term of flowering nodes number on main stem by (70.9 , 69.8 , 71.5 ,
and 71.1%) respectively and in flower number per inflorescence by (44.5 , 46.7 , 43.3 and 42.4%)
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respectively. However Taka 357 exceeded other cultivars in setting percentage. These may be due
to lower number of flowering nodes number on main stem (4.41) and to lower flower number per
inflorescence (2.23) as compared these produced on other cultivars. Since Taka 357 is a
determinate cultivar. Similar results were reported in previous studies (Chapman and Peat, 1978;
Pilbeam et al., 1990).

Ceasing supplementary irrigation and adequately irrigated Towatha cultivar combined with (WWW
and WRW) manifested the highest number of flowering nodes number on main stem (16.66),
Syrian cultivar combined with (WWR) showed the highest flower number per inflorescence (4.32).
However Taka 357 exhibeted the lowest values number of flowering nodes number on main stem
(4) under (RWW and WRW) ; lowest flower number per inflorescence (2.09) under (RWW).
However it revealed the highest setting percentage (68.52%) under (RWW). Additionally it
significant exceeded Babylon (WRW) in setting percentage (88.2%). Very close results were
(Abdel, 1997) who found setting reduction in Aquadulce particularly during low tempeture owing
to the low pollination and fertilizing capability resulting from poor pollen tube germination and
poor reception of these tubes by stigma besides low insect and bee populations.

Table 2. The influence of ceasing supplementary irrigation during varying physiological phases of growth on
flowering growth of five varieties of beans during the growing season (2003-2004).
1-Flowering nodes number on main stem

cultivars WWWwW RWW WRW WWR Mean
Aquadulce 14.00 a 15.00 a 16.33 a 1533 a 15.16 a
Local Syrian 16.00 a 14.00 a 1433 a 14.00 a 14.58 a
Taka 357 433 b 4.00 b 4.00 b 533 b 441 b
Towatha 16.66 a 1433 a 16.66 a 1433 a 15.50 a
Babylon 14.66 a 16.00 a 14.66 a 15.66 a 1525 a
Mean 13.13 a 12.66 a 13.20 a 1293 a 12.98
2- Flower number per inflorescence
cultivars WwWw RWW WRW WWR Mean
Aquadulce 4.15 ab 4.00 ab 428 a 3.67 ab 4.02 a
Local Syrian 4.01 ab 4.16 ab 425 a 432 a 4.18 a
Taka 357 239 ¢ 2.09 ¢ 225 ¢ 3.18 ¢ 223 b
Towatha 3.74 ab 3.70 ab 4.17 ab 411D 393 a
Babylon 3.61 ab 426 a 4.14 ab 347 b 387 a
Mean 358 a 3.64 a 382 a 355 a 3.65
1- Setting percentage

cultivars WWW RWW WRW WWR Mean
Aquadulce 1943 ¢ 10.44 ¢ 8.09 ¢ 19.26 ¢ 1430 b
Local Syrian 11.98 ¢ 10.36 ¢ 8.96 ¢ 13.46 ¢ 11.19 b
Taka 357 5240 b 68.52 a 60.19 ab 46.77 b 56.97 a
Towatha 13.17 ¢ 1331 ¢ 13.82 ¢ 16.97 ¢ 1432 b
Babylon 13.86 ¢ 9.73 ¢ 8.07 ¢ 14.54 ¢ 11.55 b
Mean 2217 a 2247 a 19.82 a 22.20 a 21.67

* Means followed by the same letter within a column do not differ significantly from each other using Duncan's
Multiple Range Test at 5% level.

Effect of ceasing supplementary irrigation at varying phases on pod development traits of
faba bean.

Tabulated results (table, 3) revealed that continuous watering (WWW) gave the highest pod length
(23.26 cm), white (RWW) showed the highest seed number per pod (5.36). However the worst
results were confined to (WWR) in pod length (21.08 cm) and seed number per pod (4.78).
Significant differences were not detected among Aquadulce, Syrian, Towatha and Babylon
cultivars. Furthermore these cultivars were significantly exceeded Taka 357, where Towatha
exceeded the later cultivar in pod number on main stem (36.9%) and Syrian in term of pod length
(17.5%) and seed number per pod (35.3%).
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The highest pod number on main stem (11) was accompanied by Aquadulce adequately irrigated
(WWW) , pod length (26.93 cm) was confined to Syrian (WWW) and Syrian (RWW) revealed the
highest seed number per pod (6.40). The lowest pod length (20.16 cm) and seed number per pod
(3.60) was found with Taka 357 (RWW).
Results is (table, 3) confirmed the adverse effects of ceasing watering out pod swelling and seed
filings on detected parameters. These results were in agreements with those obtained by Sparrow et
al., (1995).
They confirmed the susceptibility of flowering and pod swelling stagesto drought since exposing
faba bean plants to water stress at these stages apparently reduce the Nitrogenase activity which
negatively reflected on plant performance. Reductions were also attributed to the low
photosynthesis and assimilate production under drought at these stages (Robert et al., 1990; Ravi et
al., 1996).
Table 3. ’lzhe influence of ceasing supplementary irrigation during varying physiological phases of growth on
pod development traits of five varieties of beans during the growing season (2003-2004).

1-Pod number on main stem

cultivars WWW RWW WRW WWR Mean
Aquadulce 11.00 a 6.33 cd 5.66 d 10.33 ab 8.33 ab
Local Syrian 7.66 a-d 6.00 cd 533 d 7.66 a-d 6.66 bc
Taka 357 533 d 5.66 d 533 d 533 d 541 ¢
Towatha 8.66 a-d 7.00 b-d 9.00 a-d 9.66 a-c 8.58 a
Babylon 7.33 ad 6.33 cd 5.00 d 8.00 a-d 6.66 bc
Mean 8.00 a 6.26 b 6.06 b 8.20 a 7.13

2- Pod length (cm)
cultivars WWW RWW WRW WWR Mean
Aquadulce 22.23 d-h 22.36 d-h 22.76 c-f 20.40 hi 2194 b
Local Syrian 2693 a 26.13 ab 24.63 bc 22.53 d-g 25.05 a
Taka 357 20.96 e-h 20.16 i 21.03 e-i 20.53 g-i 20.67 ¢
Towatha 23.00 c-e 23.16 cd 20.80 f-i 20.96 e-i 2198 b
Babylon 23.16 cd 22.43 d-h 22.33 d-h 20.96 e-i 2222 b
Mean 23.26 a 22.85 ab 2231 b 21.08 ¢ 22.37
3- Seed number per pod
cultivars WWWwW RWW WRW WWR Mean
Aquadulce 5.00 c-g 5.76 a-d 5.20 c-f 4.53 f-h 512 b
Local Syrian 6.06 ab 6.40 a 6.06 ab 5.73 ad 6.06 a
Taka 357 373 i 3.60 i 423 g-i 4.13 hi 392 ¢
Towatha 5.43 b-e 5.23 c-f 4.93 d-h 4.93 d-h 513 b
Babylon 5.06 c-f 5.83 a-c 5.33 b-f 4.60 e-h 520 b
Mean 5.06 ab 536 a 5.15 a 478 b 5.09

Means followed by the same letter within a column do not differ significantly from each other using Duncan's Multiple
Range Test at 5% level.

Effect of ceasing supplementary irrigation at varying physiological stages on yield
components of faba bean

The results (table, 4) confirmed that exposing faba bean plants to drought during pod swelling and
seed filling stage (WWR) resulted in negative effected on yield components, where droughted
plants gave the lowest fresh weight of vegetative parts and mature pods (4796.84 g.m™), weight of
mature pods (2388.58 g.m™), pod dry weight (559.76 g.m”) and weight of 100 seeds (144.53 g).
On the other hand continuous irrigation (WWW) supplementary exceeded that of (WWR) in all
detected parameters accept weight of 100 seeds which revealed the highest values in fresh weight
of vegetative parts and mature pods (7356.97 g.m™), weight of mature pods (4068.77 g.m™), pod
dry weight (838.01 g.m™) and yield of dry seed (637.10 g.m™), whereas weight of 100 seeds was
highest in (WRW) (165.26 g). However, significant differences were not found between (WWW)
and (RWW) treatments.
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Aquadulce and Syrian cultivars manifested the highest responses to all water stressed stages since
there were in significant differences were found in all detected characteristics. Aquadulce exhibited
the highest pod dry weight (923.39 g.m™), yield of dry seed (714.97 g.m™) and weight of 100 seeds
(157.88 g). Syrian cultivar also revealed the highest fresh weight of vegetative parts and mature
pods (7752.66 g.m™), weight of mature pods (4266.94 g.m™). Towatha and Babylon showed very
close moderate results. However, Taka 357 was the worst since it manifested the lowest values
accept weight of 100 seeds which was superior over Aquadulce by (6.5%).
Continuous watering (WWW) of Syrian cultivar showed superiority over other treatments in all
investigated parameters accept that of 100 seeds weight which was confined with Towatha
(WRW). However this superiority was not significant in relation to Syrian cultivar. Syrian (WWW)
treatment which showed the highest fresh weight of vegetative parts and mature pods (10639.68
g.m?) , weight of mature pods (5978.39 g.m™) , pod dry weight (1172.03 g.m™) and yield of dry
seed (877.97 g.m™). The lowest values were confined with Taka 357 (RWW) in term of fresh
weight of vegetative parts and mature pods (2629.03 g.m™) , weight of mature pods (1136.45 g.m?)
, pod dry weight (161.29 g.m™) , yield of dry seed (100 g.m™) and weight of 100 seeds (136.21g).
The most susceptible physiological stages was pod swelling and seed filling stage (WWR). This
sensitivity resulted from ceasing supplementary irrigation which synchronized with low rainfall in
cidances. In this stage faba bean plant growth, pod formation, pod swelling and seed filling were
combined with each others (Xia, 1997; Stan, 1997, Mwanamwenge et al., 1999). These results
were in agreement with those confirmed by Doss et al. (1974), Milburn (1974) and Sprent et al.
(1977). They stated that seed filling and pod swelling were found to be the most sensitive stage to
drought. Exposing faba bean plants to water stress at this stage resulted in significant pod shedding
and yield reduction. Mahoney (1991), McDonald and Paulsen (1997), Chmielewski and Kohn
(1999) attributed faba bean yield reduction that caused by water stress at pod swelling and seed
filling stage to the direct influence of drought on flowering and setting of pods. Moreover water
stress also adversely influences nitrogenase activity and its capability in nitrogen fixation which
negatively reelected on yield reduction (Sparrow et al., 1995) and to the combination of water
stress and high temperature during this stage (Loss and Siddique, 1996; Chmielewski and Kohn,
1999).
Table)(4). The influence of ceasing supplementary irrigation during varying physiological phases of growth
on yield components of five varieties of beans during the growing season (2003-2004).

1- Fresh weight of vegetative parts and mature pods (g.m™)

cultivars WWW RWW WRW WWR Mean
Aquadulce 7381.61 b-e 8784.84 ab 7037.74 b-f 5220.32 d-i 7106.13 ab
Local Syrian 10639.68 a 7387.10 b-e 6548.39 b-f 6435.48 b-f 7752.66 a
Taka 357 3091.29 hi 2629.03 i 3636.45 g-i 2852.90 i 3052.42 ¢
Towatha 7940.97 be 5903.23 c-g 5570.00 c-h 4889.35 e-i 6075.89 b
Babylon 7731.29 b-d 8215.16 a-c 5070.00 d-i 4586.13 f-i 6400.65 b
Mean 7356.97 a 6583.87 ab 5572.52 be 4796.84 ¢ 6077.55

2- weight of mature pods (g.m™)
cultivars WWW RWW WRW WWR Mean
Aquadulce 4397.74 b-d 5333.23 ab 3891.29 b-g 2796.77 e-i 4104.76 ab
Local Syrian 5978.39 a 4231.29 b-e 3718.39 c-h 3139.68 c-i 4266.94 a
Taka 357 1263.55 j 1136.45 j 1639.68 ij 1191.29 j 1307.74 d
Towatha 4112.90 b-f 3320.97 c-h 2925.81 d-i 2551.61 g-j 3227.82 ¢
Babylon 4591.29 a-c 4679.68 a-c 2630.00 f+j 2263.55 h-j 3541.13 be
Mean 4068.77 a 3740.32 a 2961.03 b 2388.58 b 3289.68

3- Pod dry weight (g.m™)
cultivars WWWwW RWW WRW WWR Mean
Aquadulce 973.13 ab 968.81 ab 941.94 a-c 809.68 b-d 923.39 a
Local Syrian 1172.03 a 942.48 a-c 867.74 bc 662.58 cd 911.21 a
Taka 357 201.84 f 161.29 f 322.68 ef 191.06 f 219.22 ¢
Towatha 869.90 be 672.58 cd 724.74 b-d 558.06 de 706.32 b
Babylon 973.13 ab 969.90 ab 769.35 b-d 577.42 de 822.45 ab
Mean 838.01 a 743.01 a 725.29 a 559.76 b 716.52
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4- Yield of dry seed (g.m™)

cultivars WWWwW RWW WRW WWR Mean
Aquadulce 741.94 a-c 748.39 a-c 730.10 a-c 639.45 b-e 71497 a
Local Syrian 87797 a 740.32 a-c 670.00 a-d 506.77 de 698.77 a
Taka 357 137.65 f 100.00 f 22797 f 13397 f 149.90 ¢
Towatha 680.10 a-d 530.10 c-e 569.90 b-e 44571 e 556.45 b
Babylon 747.84 a-c 761.29 ab 597.84 b-e 446.03 e 638.25 ab
Mean 637.10 a 576.02 a 559.16 a 43439 b 551.67
5- weight of 100 seeds (g)

cultivars WWW RWW WRW WWR Mean
Aquadulce 150.29 b-f 165.35 a-c 167.32 ab 148.59 b-f 157.88 a
Local Syrian 145.48 d-f 166.70 ab 163.53 a-d 142.26 ef 154.49 ab
Taka 357 146.69 c-f 136.21 f 165.72 a-c 142.11 ef 147.68 b
Towatha 142.48 ef 155.72 a-e 170.53 a 144.32 d-f 153.26 ab
Babylon 157.93 a-e 148.91 b-f 159.23 a-e 145.38 d-f 152.86 ab
Mean 148.57 be 15458 b 165.26 a 144.53 ¢ 153.23

Means followed by the same letter within a column do not differ significantly from each other using Duncan's Multiple
Range Test at 5% level.
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Abstract

In present study, geostatistical techniques was applied to assess the spatial variability of exchangeable cations
such as; calcium (Ex-Ca”"), magnesium (Ex-Mg*"), potassium (Ex-K") and sodium (Ex-Na") in the tillaged
layer in a Perm State Agricultural Academy Farm site in Perm region, West Urals, Russia. A 250x100 m plot
(approximately 2.35 ha) was divided into grids with 25x25 m spacing that included 51 sampling points from
0-0.2 m in depth. Soil reaction (pH) was the least variable property while the Ex-K was the most variable.
The greatest range of influence (237.6 m) occurred for Ex-Ca and the least range (49.7 m) for Ex-Mg.
Keywords: exchangeable cations, spatial variability, site specific management

Introduction

Soil properties of terrestrial ecosystems are controlled by a variety of factors that operate at
different spatial and temporal scales. Soil physical, chemical and biological properties are all likely
to change markedly across small distances, within a few hectares of agricultural fields (Benayas et
al.,, 2004; Cambardella et al., 1994; Chien et al., 1997). The small-scale variability may be
difficult to measure and not apparent to the casual observer. Analysis of small-scale variability has
practical uses in managing soil fertility for a chosen field (Brady and Weil, 2002). The five cations
in soils are calcium (Ca*"), magnesium (Mg”"), potassium (K"), sodium (Na") and, in strongly acid
soils, aluminium (AI’"). Exchangeable Al only becomes significant at pH levels less than 5.5 in
water or about 4.7 in CaCl,.The cations manganese (Mn*"), iron (Fe*"), copper (Cu*") and zinc
(Zn*") are usually present in amounts that do not contribute significantly to the cation complement.
Therefore, it is common practice to measure the concentrations of only the five most abundant
cations. Cation exchange capacity (CEC) is the capacity of the soil to hold and exchange cations. It
provides a buffering effect to changes in pH, available nutrients, calcium levels and soil structural
changes. As such it is a major controlling agent of stability of soil structure, nutrient availability for
plant growth, soil pH, and the soil’s reaction to fertilizers and other ameliorants (Brady and Veil,
2002).

Soil properties can be evaluated as statistically due to application of geostatistical methods on soil
science recently. Geostatistics, increasingly popular in soil science, are useful in predicting the
spatial distribution of spatially dependent soil properties in the field with a number of samples
(McBratney and Webster, 1983; Oliver, 1987; Kerry and Oliver, 2004, Askin and Kizilkaya, 2006;
Askin, 2010). Semivariograms and autocorrelograms are typically used to study the spatial
structure of soil properties. Soil exchangeable Ca, Mg, K and Na are the dominant exchangeable
cations in soils and hence, to examine the spatial variability was expected to better understanding
of the related soil chemical parameters for long-term observatory study within a field-scale (Jiang
et al, 2008).

The objective of the present study was to assess the spatial variability of soil exchangeable cations
in field-scale using geostatistical techniques.

Materials and Methods

Study site

The study area was located in a field on the Perm State Academy Farm in the Perm Region, West
Urals, Russia in 2011. Perm is a city and the administrative center of Perm Krai, Russia, located on
the banks of the Kama River, in the European part of Russia near the Ural Mountains. From 1940
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to 1957 it was named Molotov (Figure 1). This area is characterized gently sloping with a well-
drained medium textured soil.

Figure 1. Location map of the study area showing the sampling design. The coordinates are in meters in
UTM datum.

Perm has a continental climate with warm summers and long, cold winters. The highest and the
lowest the temperature was from -47.1 °C to 37.2 °C. The annual mean temperature was 7.1 °C and
the annual mean precipitation was 657 mm based on a 50 year period.

The study site (250x100 m) was chosen for its apparent homogeneity. It was marked with regular
rectangle grids (25x25 m each) and included 51sampling points.

Soil analyses

Soil samples were air-dried and ground to pass a 2 mm sieve for related chemical analysis. Soil
samples were extracted with 1.0 M ammonium acetate at pH 7.0 and the extracts were then
analyzed for exchangeable Ca, Mg, K and Na by flaming emission at the wavelength of 422.7,
285.2, 766.5 and 589.0 nm, respectively, using an atomic spectrophotometer (Page, 1982). Selected
soil physicochemical properties were determined by the following methods: organic carbon content
by the modified Walkley-Black method (Nelson and Sommers, 1982), particle size distribution by
the hydrometer method (Gee and Bauder, 1979), soil pH and electrical conductivity (EC) in 1:1
(w/v) soil-water ratio using pH-meter and EC-meter (Peech, 1965).

Statistical analysis

Classical statistical parameters, i.e., mean, standard deviation, median, minimum, maximum and
data normality, were calculated using SPSS 15.0 software. Isotropic semivariances of data were
calculated using GS™ geostatistical software (GS', 2006). Semivariance y(h) is defined in the
following equation:

1 2
y(h)=——2| Z(x;) - Z(x; + h)
2N(h) [ ]

where, N(h) is the number of sample pairs at each distance interval h and Z (X;,) and Z (X; + h)
are the values of variable at any two places separated by distance h. The semivariogram is the plot
of the semivariance against the distance. Its shape indicates whether the variable is spatially
dependent. Experimental semivariograms were fitted by theoretical models that have well-known
parameters nugget (C,), sill (Cy + C) and range (A,) of spatial dependence (Cambardella et al.,
1994).

GS" has several models that can be fitted to estimate semivariograms, but in this study, we used the
isotropic exponential, spherical and Gaussian models:

h h Y’
y(h)=Co+C-|15- o -0,5- o h< Ao

y(hy=Co+C h> Ao

Spherical model
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-h?
y(h)=Co + C{l - eXp(A > J:| Gaussian model
0
-h .
y(h)=Co + C[l - eXp(A—ﬂ Exponential model
0

Where; Co is the nugget variance >0, C is the structural variance >Co, (Co+C) is the sill variance,
and Ao is the range of spatial correlation (GS”, 2006).

In this study, point kriging was used before constructing of contour maps to provide enough
estimated data. The contour maps of exchangeable Ca, Mg, K and Na were constructed using
ArcGis software.

Results and Discussion

Soil properties and exchangeable cations

The soils of study are has 33.6% sand, 39.7 silt and 26.7% clay fraction and soil textural class was
named as loamy. Also descriptive statistics of soil properties are given in Table 1.

Table 1. Summary statistics on the soil properties and exchangeable cations (n = 51)

Soil Properties Mean S, Min. Max. Sy Skw Kur

pH (1:1 soil: water suspension) 7.07 0.028 6.67 7.67 0203 0.785 1.177
Electrical conductivity (EC), dS m™ 0.15 0.007 0.05 0.29 0.053 0.797 -0.021
Organic carbon content (OCC), % 1.15 0.060 0.45 275 0430 1.560 3.420
Exchangeable sodium (Ex-Na), cmol(+) kg™ 0.22 0.006 0.15 035 0.041 0.839 1.227
Exchangeable potassium (Ex-K), cmol(+) kg™ 1.08 0.083 048 4.32 0.591 3.526 17.695
Exchangeable calcium (Ex-Ca), cmol(+) kg™ 10.29 0.251 7.00 1470 1.790 0.430 -0.524
Exchangeable magnesium (Ex-Mg), cmol(+) kg™ 1.37 0.051 0.68 224 0361 0.565 0.132

S4, standard deviation; S, standard error; Skw, skewness; Kur, kurtosis

The soils were mostly medium in texture, neutral in soil reaction, medium in organic matter content
(average of 1,98%) and low in electrical conductivity (<0.98 dS m™) (Soil Survey Staff, 1993).
Spatial variability of exchangeable cations

Distances between Ex-Na, Ex-K, Ex-Ca and Ex-Mg pairs and semivariance values were calculated
using the GS" package program. The exponential, spherical and Gaussian models with the smallest
reduced sums of squares (RSS) values and the biggest R? values were selected for evaluating
spatial variability of these exchangeable cations in the study area by the GS™ package program
(Table 2).

Table 2. Isotropic models fitted to variograms of exchangeable cations

Exchangeable Nugget Sill Range C/CotC  Co/Co+C 2

cations Co Co+C (Ao)ym % % R Model -~ SD
Ex-Na 0.000262  0.001844  62.4 85.8 14.2 0.522  Exp S
Ex-K 0.127 0.468 58.2 72.9 27.1 0.715 Gaus M
Ex-Ca 1.857 4.171 237.6 55.5 44.5 0.847 Exp M
Ex-Mg 0.0033 0.1246 49.7 97.4 2.6 0.995 Sph S

Exp, exponential; Gaus, Gaussian; Sph, spherical; SD, spatial dependence; M, moderate; S, strong

The nugget effect, representing the undetectable experimental error and field variation within the
minimum sampling space, was quite large relative to the sill, which represents total spatial
variation. The ratio of nugget variance to sill expressed in percentages can be regarded as a
criterion for classifying the spatial dependence of soil properties. If this ratio is less than 25%, then
the variable has strong spatial dependence; if the ratio is between 25 and 75%, the variable has
moderate spatial dependence; otherwise, the variable has weak spatial dependence (Chien et al.,
1997). Jiang et al (2008) interpreted strong and moderate spatial variability as interactions among
field-scale variability of soil exchangeable cations physical, chemical, and biological soil
components.
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The influence zones for Ex-Na, Ex-K, Ex-Ca and Ex-Mg were 62.4 m, 58.2 m, 237.6 m and 49.7m,
respectively. The highest nugget effect occurred for Ex-Ca and the lowest for Ex-Mg. The isotropic
models showed the best fitting value for the computed semivariance values for exchangeable
cations. The isotropic exponential model for Ex-Na and Ex-Ca; the isotropic spherical model for
Ex-Mg and the isotropic Gaussian model showed the best fitting value for the computed
semivariance values for Ex-Na. The model parameters and the experimental variograms for Ex-Na,
Ex-K, Ex-Ca and Ex-Mg are illustrated in Figure 2a,b,c, and 2d, respectively.
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Figure 2. Izotropic semivarograms for a). Na, b)K, ¢)Ca and d)Mg

Ex-Na, Ex-K, Ex-Ca and Ex-Mg were point-kriged based on the isotropic models by 7875 points
using the ten nearest neighboring points. The descriptive statistics are presented in Table 4 for
observed and point-kriged Ex-Na, Ex-K, Ex-Ca and Ex-Mg values.

Table 3. Descriptive statistics on the observed and kriged values of exchangeable cations

Descriptive statistics Ex-Na | Ex-K | Ex-Ca | Ex-Mg |
cmol(+) kg’ cmol(+) kg’ cmol(+) kg’ cmol(+) kg’
Obs.*  Predict.**  Obs.  Predict. @ Obs.  Predict. Obs. Predict.
Number of samples (n) 51 7875 51 7875 51 7875 51 7875
Minimum 0.15 0.16 0.48 0.51 7.00 7.54 0.68 0.72
Maximum 0.35 0.34 4.32 3.85 14.70 13.85 2.24 2.18
Mean 0.22 0.22 1.08 1.07 10.29 10.28 1.37 1.39
Standard deviation 0.041 0.0005 0.591 0.154 0.361 0.061 0.361 0.076
Prediction Errors
Mean 0.00085 0.01987 0.04989 0.00575
RMS 0.04093 0.5816 1.773 0.3331
Mean Standardized 0.01508 0.02502 0.02029 0.0124
RMS Standardized 0.973 1.095 0.9664 1.083

*QObs., observed; **Predict., predicted; RMS, Root-Mean-Square

As seen from Table 3, the mean reduced error was near zero and the squared differences between
the predicted and the original values, the variance of the reduced error, was lowest for the fitted

56



POLICIES FOR SOIL HEALTH MANAGEMENT IN AGRICULTURE

models. This means that the kriging estimates are accurate, and the spatial relationships derived
from the studied part of the research site may be applicable to other areas with similar
characteristics in this area (Trangmar et al., 1985; Oztas, 1996;Ardahanlioglu et al., 2003; Baskan
2004; Askin, 2010; Askin et al., 2011).

The range of point-kriged Ex-Na values (0.16-0.34 cmol(+) kg with a mean of 0.22 cmol(+) kg™)
was somewhat narrower than the range of the measured Ex-Na (0.15-0.35 cmol(+) kg™ with a
mean of 0.22 cmol(+) kg™ ). The standard deviation of the kriged Ex-Na values was lower than on
the measured selected model. Figure 3a shows a point-kriged map of Ex-Na illustrated using the
same 7875 points used to krige Ex-Na.
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Figure 3. Point-kriged maps for a) Ex-Na; b) Ex-K; c¢) Ex-Ca; and d) Ex-Mg

The range of point-kriged Ex-K values (0.51-3.85 cmol(+) kg with a mean of 1.07 cmol(+) kg™)
was somewhat narrower than the range of the measured Ex-K (0.48—4.32 cmol(+) kg™ with a mean
of 1.08 cmol(+) kg'1 ). The standard deviation of the kriged Ex-K values was lower than on the
measured selected model. Figure 3b shows a point-kriged map of Ex-K illustrated using the same
7875 points used to krige Ex-K. The point-kriged Ex-Ca values ranging from 7.54 to 13.85 cmol(+)
kg with a mean of 10.28 cmol(+) kg™ that was somewhat narrower than the range of the measured
Ex-Ca (7.00-14.70 cmol(+) kg™ with a mean of 10.29 cmol(+) kg™ ). The standard deviation of the
kriged Ex-Ca values was lower than on the measured selected model. Figure 3¢ shows a point-
kriged map of Ex-Ca illustrated using the same 7875 points used to krige Ex-Ca. The point-kriged
Ex-Mg values ranging from 0.72 to 2.18 cmol(+) kg with a mean of 1.39 cmol(+) kg that was
somewhat narrower than the range of the measured Ex-Ca (0.68-2.24 cmol(+) kg with a mean of
1.37 cmol(+) kg ). The standard deviation of the kriged Ex-Mg values was lower than on the
measured selected model. Figure 3d shows a point-kriged map of Ex-Mg illustrated using the same
7875 points used to krige Ex-Mg.

The range of spatial dependence ranged from 49.7 to 237.6 m, indicating that the grid scale was
adequate for assessing of the spatial variability of the exchangeable cations. In this area or a similar
field, in soil productivity and fertility research studies to be done about sampling interval can be
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chosen. Exponential isotropic models were the best semivariogram models for Ex-Na and Ex-Ca,
Gaussian model was the best model for Ex-K and also spherical model was the best for Ex-Mg.
The information obtained from geostatistical techniques can be used to gain a better understanding
of the spatial distribution of soil exchangeable cations in field topsoil. This approach enabled maps
to be drawn of soil exchangeable cations in the field-scale. The results suggested that the use of
kriging should decrease the required sampling density in the field-scale. Spatial analysis of soil
exchangeable cations could be useful for assessing soil fertility and soil quality status, as well as
developing appropriate sampling strategies.
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Abstract

A field experiment was conducted at Abu-Ghraib during 2007-2008 to evaluate the effect of pulverization
implements and tractor speeds on some machinery unit performance, soil mean weight diameter and soil
saturated hydraulic conductivity.

In this study, two tractor's speeds included 2.414 and 3.973 km/h, represented the main plots and three
pulverization implements included; rotary, disk harrow and spring cultivator, represented sub plots , were
used . Tow tractors included; MF-650 and New Holland with pulverization implements, as machinery unit
for plowing silt clay loam soil at depth of 17 cm. Slippage percentage, drawbar power, mean weight
diameter, and saturated hydraulic conductivity were studied.The experiment was conducted by using Split
Plot Design under randomized complete block design (RCBD) with three replications.

The results were as followed:

The rotary was the superior to the other pulverization implements in getting less slippage percentage and
drawbar power 1.760 and 45.5 kg.f respectively, whereas spring cultivator effected significantly in getting
the highest mean weight diameter 0.905 mm and soil saturated hydraulic conductivity 5.878 cm /h.

Speed of pulverization did not effect on slippage percentage, , drawbar power, mean weight diameter or
saturated hydraulic conductivity

The interaction between the spring cultivator and the speed 2.414 km/h was superior in getting higher mean
weight diameter 0.918 mm and saturated hydraulic conductivity 6.002 cm/h. While the interaction between
the rotary and the speed 3.793 km/h was superior in getting less slippage percentage 1.249 % and drawbar
power 37.4 kg.f.

* The research is part of the second researcher thesis

Keywords: Pulverization Implements, MWD, Drawbar Power, Slippage Percentage

Introduction

Plowing operation is considered to be of the primary operations to prepare the soil to be a better
growing environment for the seeds. This process increases the soil surface area which exposed to
sunlight, by making small soil masses in which facilitates motion of air and water, resulting in a
better soil physical properties( Alkazaz,1992 ; and Abass,2004).

Harrowing equipment have been developed and differed into many types and shapes for instance
disk harrows, rotary harrows and spike harrows. These equipment have a differ impact from each
other. For example spike and net harrows when being used are characterized with a special
technical design property, makes them both different from each other in their effect on the soil and
consequently the plant(Albanna,1990; and Alfahdawi,2001).

Many considers that the disk harrow is the most utilized equipment in this field of soil processing,
for what it has of ability to harrow and pulverize the soil, prepare the seedbed, giving the soil the
best technical and physical indications to be a better growing environment,(Mayfield and
Robert,1981; and Aday,et al,2001).

Equipment Caliberation, selecting angles, are of the main factors to use this equipment perfectly,
harrows can be used after harvesting directly to eliminate residue like cotton maize and sunflower ,
that’s due to the fact that inversion plowing equipment slips over the plant . In order to get the best
soil technical indictors, calibration for the machine must be done, checking the unit through
experiments excluded on the field to control and study the factors related to the best soil quality.
Rotary tiller is different from chisel and mold board plow in pulverization and disturb the soil,
(Alkafaf ,et al,1991;and Mecreery,1959).
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Whereby the rotary tiller prepare the seedbed completely, because it does the primary and
secondary tillage in one traffic. The research is aimed to determine the appropriate pulverization
implement with its speed for having:

1-best performance indicators for the machinery unit

2-best soil physical properties.

Materials and methods

The experiment was conducted in 2007- 2008 in a field belongs to the college of agriculture/
university of Baghdad. Area of the field was 5000m?, of a silt clay loam soil (Table 1). Aim of the
research was to study the effect of harrowing implement along with the tractor's speed on some
performance of machinery unit and some soil physical characteristics. The field wasn't planted in
the season before. Weeds were all eliminated. Surface of the soil was leveled using leveling
implement.. Soil moisture was 16-17%.

Two tractor's speeds included 2.414 and 3.973 km/h, represented the main plots and three
pulverization implements included; rotary, disk harrow and spring cultivator, represented sub plots
, were used In this study. Tow tractors included; MF-650 and New Holland with pulverization
implements, as machinery unit for plowing silt clay loam soil at depth of 17 cm.

Slippage percentage, drawbar power, mean weight diameter, and saturated hydraulic conductivity
were studied.

The experiment was conducted by using Split Plot Design under randomized complete block
design (RCBD) with three replications.

(El- Sahooki,et al., 1990).

Table ( 1) Some soil chemical and physical properties

Character Percentage
Sand 98
Silt g kg’ 582
Clay 320
Soil bulk density pg.m> 1.48
Soil particle density pg.m” 2.65
Porosity % 44
Electric conductivity dS.m’ 3.78
pH 7.76
Weighed moisture content % 17-16
Mean weighed diameter mm 0.358
Soil hydraulic conductivity cm/hr 4.813

Calculation of studied indicators:

1-Percentage of slippage %
Slippage percentage was calculated according to the following equation
Suggested by Russell (1980):-

Sp = ((vt-vp)/(vt) )*100......... %
Whereby,

Sp= slippage percentage

Vt= theoretical speed without load (km/h)

Vp=practical speed without load (km/h)

The theoretical speed was calculated by the division of distance on the theoretical time, the
following equation was applied:-
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Vt=D/Tt
Whereby:-
D= the length of the plowed line (m)
Tt=theoretical time without load (sec)
Practical speed (km/h) was obtained from using the following equation

Vp = (D/Tp)*3.6
Whereby:
D=distance of the plowed line (m)
Tp=practical time with load (sec)

2-Drawbar force

1) Two tractors were used. First one was drawbaring the second in which the plow was
attached to. Both of the tractors were traveling together along with the diameter between them. The
plow was at the back in a state in which was almost touching the soil surface in order to measure
moving resistance of the machinery unit.

2) Both of the tractors were traveling in the field together along with the diameter of the type
of Dillon between them. the plow was in a state of plowing feasibility in different speeds, to ensure
the total drawbaring force (pushing force) puf

Plow drawbar force calculation was done in different low speeds according to following equation
that was suggested by Al tahan (1991).

Ft = fpu-prm.......... Kg.f
Whereby:
Ft: plow drawbar force (kg.f)
Fpu: total drawbar force (push force) (kg.f)
Frm : force of movement resistance (kg.f)

3-Mean weight diameter:
Mean weighed diameter was calculated by using the suggested method by ( youker and
guiness,1956)

n n
MWD =Y xiwil Y Wi
Whereby: = )
Mwd =mean weighed diameter
Wi=diameter collection mass
Xi =mean aggregation diameter for each scope
Wi= soil samples mass
N= number of scopes diameter

I= number of scopes

4-Soil hydraulic conductivity:
Constant water head method was used for measuring soil saturated hydraulic conductvity according
to klute (1988) equation as follows :

K= Q/AT*L/Ah
Whereby:
K=gratified water conductivity (cm/h)
Q=water quantity cm”3
A= section area (cm”3)
T=time (h)
Ah=water pressure difference
Results and discussions

Slippage percentage;
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Table (2) shows harrowing equipment's influence on slippage percentage. As the process of
harrowing using rotivator plow gave less percentage of slippage reached 1.760%. While the spring
cultivator gave percentage of 3.313%. That’s due to the share of the rotivater, rises up from the soil
surface during harrowing to achieve less depth in the soil. This result concurrence with the results
of Al fahdawi (2001) and abass (2004) also in comparison with the results of the spring cultivator.
As for the interaction between harrowing and speed, its obvious from the table the privilege of the
rotivator and with second speed on spring cultivator, also the privilege of disc harrow and second
speeding recording less percentage of slippage reached 1.249%while the spring and disc harrow
were 3.472, 4.238% respectively.

That might due to the fact that the rotivater during the process of harrowing rises its shares up the
ground resulting in less penetrating into the soil, this result concurrences with Al bassrawie (1997)

Table ( 2) The effect of pulverization implements and tractor speeds on slippage percentage

Practical speed km/h

Pulverization implement Pulverization
2414 3.973 mean
Disc harrows 2.236 4238 3.237
Rotivator 2.226 1.249 1.760
Spring cultivator 3.154 3.472 3.313
LSD= 0.05 0.8977 0.2561
Speed mean 2.538 | 2.986
LSD=0.05 NS

Drawbar force (kg.f)

Table (3) illustrates the effect of harrowing equipment in determining drawbar force. As the
feasibility of harrowing using rotivator plow obtained less average of drawbar force reached 45.5
kg.f while the spring cultivator obtained 436.5 kg. that might be due to the fact that the shares of
the rotivator is being circulating in a direction matches the direction of the tractor resulting in less
penetration to the soil, less drawbar force in addition interlocution between the harrowing
feasibility and speed has a significant effect on drawbar force whereby the rotivator with second
speed exceeded the spring cultivator in having less average of drawbar force reached 37.4 kg while
the spring cultivator with the first speed reached 484.1.

Table ( 3) The effect of pulverization implements and tractor speeds on drawbar force (kg.f)

Pulverization equipment Practical speed km/h Pulverization

2414 3.973 mean

Disc harrows 376.7 422 .4 399.5

Rotivator 53.5 37.4 45.5

Spring cultivator 484.1 388.9 436.5

LSD=0.05 21.48 18.6
Speed mean 304.8 | 282.9

LSD=0.05 NS

Mean weight diameter

Table (4) illustrates effect of harrowing equipment in the effect of weighed diameter, as treatment
of pulverization using spring cultivator

Gave high mean weight diameter reached 0.905 millimeter. While harrowing treatment using the
rotivator plow gave less mean weight diameter reached 0.522.

Changing the speed had a specific effect on mean weight diameter. Whereby speed of 2.414 km/h
reached higher mean weight diameter of 0.68306melimeter, the second speed of 3.973km/h gave
less mean weight diameter reached 0.655melimeter. Those results are in concurrence with the
results of Aday,et al, (2001), and that might due to the fact that increasing the speed must lead to
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the breakage of soil aggregation. Consequently that’s why speeds increasing lead to less mean
weight diameter.

Binary interlocution between speed and harrowing has a specific effect on the characteristic of
mean weight diameter. Whereby harrowing treatment, using spring cultivator and the first speed
gave higher mean weight diameter reached 0.918melimeter, while harrowing treatment using the
rotivator plow and the second speed gave less mean weight diameter reached 0.513melimeter

Table (4) The effect of pulverization implements and tractor speeds on mean weight diameter, ml

Soil Pulverization equipment Practical speed km/h Pulverization mean
satur 2414 3.973

ated Disc harrows 0.630 0.547 0.580

hydr Rotivator 0.513 0.531 0.522

aulic Spring cultivator 0.918 0.907 0.905

cond LSD=0.05 0.004

uctiv Speed mean 0.683 | 0.655

ity LSD=0.05 NS

Table (5) illustrates effect of harrowing equipment on soil saturated hydraulic conductivity, as
treatment of pulverization using spring cultivator gave high saturated hydraulic conductivity
reached 5.878 cm/h. While harrowing treatment using the rotivator plow gave less saturated
hydraulic conductivity reached 5.118 cm/h. As for changing the speed it had not effect on saturated
hydraulic conductivity.

Binary interaction between speed and harrowing has a specific effect on the characteristic of
saturated hydraulic conductivity. Whereby harrowing treatment, using spring cultivator and the
first speed gave higher saturated hydraulic conductivity reached 6.002 cm/h, while harrowing
treatment using the rotivator plow and the second speed gave less saturated hydraulic conductivity
reached 5.042 cm/h.

Table 5. The effect of pulverization implements and tractor speeds on saturated hydraulic
conductivity, cm/h

Pulverization equipment Practical speed km/h Pulverization mean

2.414 3.973

Disc harrows 5.761 5.471 5.616

Rotivator 5.194 5.042 5.118

Spring cultivator 6.002 5.755 5.878

LSD= 0.05 0.028 0.023
Speed mean 5.652 | 5.423

LSD=0.05 NS

Conclusions and recommendations

The Previous results indicates to the following

1) Using the spring cultivator exceeded the other harrows significantly in getting mean weight
diameter and soil saturated hydraulic conductivity

Rotivator superiority led to get the less percentage of slippage and drawbar force too

2 superiority of spring cultivator with the speed of 2.414 km/h in getting higher mean weight
diameter, And the interaction between the rotivator implement and speed of 3.973km/h in getting
less percentage of slippage and drawbar force too

Recommendation:

On the basis of the mention results we recommend the following:

1) _ using the spring cultivator with the second speed because it had given the best soil
characteristics and tractor machine performance too

2) _execution of the study using developed and modern measures equipment like drawbar force
equipment to get results of high quantity
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Abstract

Soil conservation and optimal productivity need to more knowledge and awareness from all interfering
agents which are involved in using of soil to appropriate plant nutrition, yield increasing and agricultural
products quality. At present, excess fertilizer use has been led to increasing soil salinity irrespective to soil
solution materials. In order to reduce this effect and fertilizers sustainable management, It is necessary to
provide informative maps that show fertilizer distribution pattern. For this purpose, a field sampling was
carried out and 52 points were coordinated by GPS. Related measurements of Soil EC were done and the
values were interpolated by Inverse Distance Weighted (IDW) and Spline (SP) methods by using digital
elevation model and raster spatial analysis procedures. The thresholds of EC to 50% of yield and EC
response threshold were used to classify the filed as appropriate and inappropriate zones. This was done for
54 different plants (including cereals, industrial crops, vegetables, trees and shrubs) and appropriate zones
for each plant was determined. This can be useful to determine reasonable cropping and rotation patterns to
manage EC as a deteriorate factor on soil. More EC can impose soils to degradation during the time and
appropriate cropping patterns, especially selection of plants could be useful to alleviate soil erosion and
degradation. These reclassified maps could be useful to clarify the ways of optimized use of soil in respect to
salinity challenge.

Keywords: Soil salinity, Soil degradation, Sustainable soil management, Soil classification, GIS.

Introduction

Agriculture is being changed by three fundamental forces: the expanding capacity of personal
computers, molecular biology revolution, and developments in information technology like
geographical information systems (GIS). Through precision farming, all three technologies can be
packaged and delivered to producers. The combined impact is likely to lead to the greatest
intellectual transition that has ever occurred in agriculture (Clay, 2011). Soil salinization is an
agricultural and environmental concern in many arid and semiarid regions of the world. In Iran,
salinity affects large areas because of the inherently clayey and saline nature of the soils, intensive
irrigation that results in rising water tables, high evapotranspiration, and inadequate drainage.
Excessive soil salinity adversely impacts crop production, soil and water quality, and eventually
results in soil erosion and land degradation. In these areas, characterizing the spatial and temporal
changes in soil salinity is essential to sustain land quality, optimize crop and water management
practices, and recommend adequate soil reclamation. Soil salinity as one of the most important
reducing factors affecting crops yield and development, is a serious challenge in Iran which 91%
arid and semi-arids in total (Kamkar and Mahdavi Damghani, 2008). Therefore, investigation on
the soil status is so important to extend agriculture into marginal lands or conserve other lands
from salinization and degradation in the future. Precision farming also has concentrated on site-
specific managements on small zones to alleviate the reducing effects of this abiotic factor on crop
yields. Soil conservation and optimal productivity need to more knowledge and awareness from
all interfering agents which are involved in using of soil to appropriate plant nutrition, yield
increasing and agricultural products quality. At present, excess fertilizer use has been led to
increasing soil salinity irrespective to soil solution materials. Designing cropping patterns for fields
also needs informative plans which can be provided by new techniques such as GIS and
interpolation methods. Fertilizers can affect soil salinity by affecting pH. In order to reduce this
effects and fertilizers sustainable management, It is necessary to provide informative maps that
show fertilizer distribution patterns. On the other hand, no planting in vulnerable lands or better
management of soils in high-risk areas can help us to improve soil quality and sustain lands
exploiting. This study was aimed to provide EC map of a research farm in GUASNR and assess the
suitability of detected zones to different plants with different response thresholds to soil EC.
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Material and methods

For this purpose, a field sampling was carried out and 51 points were coordinated by GPS. Field
border also was determined by tracking using GPS. Related measurements of soil EC were done
and the values were interpolated by IDW (ID) and Spline (SP) methods by using digital elevation
model and raster spatial analysis procedures (Wollenhaupt et al., 1997, Franzen, 2011). This
experiment was conducted in Research farm of Gorgan University of Agricultural Science and
Natural Resources, Iran. The EC response threshold was used to classify the filed as appropriate
and inappropriate zones. This was done for 54 different plants (including cereals, industrial crops,
vegetables, trees and shrubs) and appropriate zones for each plant were determined. For this
purpose, the soil samples were collected based on a geo-referenced point located at the transaction
points of a grid cell (100m x 25 m) . At each grid point, random cores were collected. Saturation
extraction of soil was provided and EC was determined by EC-meter. Field grids and sampling
points are presented in Fig.1.

Foki_No 1
Gorgan Universiy of Agricultural Scences and Natural Resources

Fig. 1. Field border and sampling points position at the transaction points of grids.

Digital elevation model also was provided by 1/25000 maps and "topo to raster" function with the
baselines of contours which were queried from aforementioned maps. Plants which were used in
this query have listed in Hall (2001). Raster layers were classified as favorable and unfavorable
zones for all 54 studied plants.

Results

Our results indicated that both interpolation methods were appropriate to evaluate EC. Field Ec
changed between 0.4-2.48 ds/m and 0.05-2.97 ds/m base on ID and Sp methods, respectively (Fig.
2). Observed against predicted values revealed that SP interpolation method was superior than ID
method (RMSE=0.004), but SP method also has reasonable outputs. Therefore, the results of both
interpolation methods were provided here. Among 54 plants which were tested here in respect to
studied field EC, 49 plants were not faced by EC restriction. 5 plants including (bean, corn, faba
bean, turnip and onion) were restricted in many zones which EC value was higher than their
threshold. Total field area was 8.502 ha. Our results showed that favorable and unfavorable areas
for these plants were not similar (table 1). Therefore, it is advisable that in these zones, cropping
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of these crops should be avoided, because the yield will reduce by salinity effects, while the soil

will be destroyed.

Fig. 2. Ec variability in studied field base on ID and SP interpolationmethods.
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Low : 0.400034

SP_EC
sp-ec
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High : 2.87117

. Low : 0.0619467
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480 640

1 centimeter = 88 meters

Table 1. Plants were used in reclassifying process base on their response threshold and field EC

range, total favorable and unfavorable areas and response threshold of plants.

Plants Favorable Unfavorable Response threshold
(ha) (ha) (ds/m)
For most of crops 8.429 0.82 2
Faba bean 8.302 0.2 1.6
Bean 8.108 0.4 1
Corn 8.452 0.059 1.7
Onion 8.108 0.40 1.2
Turnip 8.108 0.4 0.9
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The map provided for turnip and bean have presented as a sample for both ID and SP interpolation
method (Fig. 3 and Fig. 4). The results of other reclassified layers has summarized in Table 1.

ID_Turnip

-
B

sp_turnip
&
[k

N L L 1 |Meters
A 0 75 150 300 450 600
1 centimeter = 93 meters

Fig. 3. Favorable (1) and unfavorable (2) areas for turnip cropping in Field #1, Gorgan Univ.
Agricultural Science and Natural Resources base on ID and SP methods. For response threshold
values refer to table 1.
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ID_Bean

sp_Bean

I

N :
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A 0 75 150 300 450 600

1 centimeter = 93 meters

Fig. 4. Favorable (1) and unfavorable (2) areas for bean cropping in Field #1, Gorgan Univ.
Agricultural Science and Natural Resources base on ID and SP methods. For response threshold
values refer to table 1.

Discussion

Soil degradation is a serious concern which in recent decades has paid much attention on it,
because it destroys soil structure and decreases soil quality. Selection of plants that are suitable for
a given field is so important to canalize field plans and alleviate negative effects of many other
practices such as fertilization or irrigation. Our research revealed that site-specific determination of
lands suitability to grow given plants or crops can affect cropping patterns directly and can
decrease soil degradation indirectly. Osmotic effects and water uptake interruption are the main
effects of soil salinity and consequently yield reduction. Thus, in addition to loss of inputs, and
achieving fewer yields, economic reasonability of field will be in question. GIS as a powerful tool
can provide applicable maps which can be used as a guideline for growers and policy makers of

70



POLICIES FOR SOIL HEALTH MANAGEMENT IN AGRICULTURE

fields. In this research, different plants showed different plans and this confirmed importance of
micro-site detection methods which are the base of precision farming. Thus we can alter crops
which are cultivated in these zones or increase irrigation times to dilute salts. Using resistant or
tolerant plants also is other option. Spinach family plants are advisable for these areas. These
plants are resistant to Na and sodium is an essential element for their growth (sugar beet, spinach,
wild spinach). Fertilizers which have chloride, sulfate and nitrate are the main anion compounds
which are used in this field. Long-term application of these fertilizers also should be avoided to
improve soil situation. It should be noted that these results can be considered in variable rate
techniques in respect to irrigation and fertilization aspects.
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Abstract

Soil quality assessment is essential for sustainable soil management. The objective of this study
was to evaluate changes in soil quality parameters in two big soil groups commonly distributed in
Erzurum province under different land use types. Disturbed and undisturbed soil samples from 0-15
and 15-30 cm depths of Pellustert and Fluvaquent great groups in cultivated, no till and pasture
lands were collected and analyzed for minimum data set for evaluating soil quality. Soil texture,
aggregate size distribution and stability, bulk density, penetration resistance, soil organic matter
content, soil reaction, CaCOj; content and cation exchange capacity were determined. The results
were compared and a quality index value was calculated for each soil type. Soil parameters in
cultivated site showed great variabilities than those of no-till and pasture sites. Both soil great
groups produced similar results regarding land use type.

Keywords: soil quality, land use type, penetration resistance, soil organic matter, aggregate
stability
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Abstract

Soil enzymes, are very important in the recycling of plant nutrient elements making them mostly available
from their organic partner. the effect of four sources of organic manures (alfalfa residue ,cow, chicken and
sheep) and their concentrations (0 , 1 and 2% ) on the enzymatic activity of three calcarcous soils from
northern Iraq have been studied in a 45-day incubation experiment at 28C and 90% of the field capacity.
During this period ,the activity of urease , asparginase and glutaminase have been measured at a 2-week
intervals. Results indicated that the more the concentration of the added manure, The more the activity of the
enzymes. Addition of alfalfa residue resulted in more activity, followed by chicken manure, then sheep. The
least effect was obtained in soils treated with cow manure.

Keywords: Organic manure, Soil enzyme, Calcareous Soil

Introduction

Enzymes are specific proteins excreted extracellularly (and entracellularly) by soil organisms and
plants to break down large organic molecules composing organic manures such as polysaccharides,
proteins, lignin and others into smaller molecules to be taken by the decomposing cell, as a source
of carbon, nitrogen, and phosphorus(Alexander 1977, Killham 1996). During this process, excess
nutrient elements are released to the soil to be used by the growing plants. Among these enzymes
are urease, Asparginase , and glutaminase. Urease solubilizes the added urea feltilizer into
ammonia and carbon dioxide. Part of the ammonia will be volatilized , while the other part will be
used by the growing plant as ammonium or nitrate. Asparginase and glutaminase convert aspargine
and glutamine into aspartate and glutamate, respectively making ammonium available to the plat
(Zantua and Bremner 1977, Tabatabai 1994).

Since, one of the most important source of soil enzymes are bacteria and fungi, any factor affecting
directly their numbers, will affect indirectly on the activity of the enzymes excreted by them.
Among these factors are, soil type and it's organic matter contents, pH, moisture, temperatures, and
others (Paul and Clark 1989). Since all soil fungi and most of the genera of soil bacteria are
chemoheterotrophs, addition of organic manures of animal and plant origins will affect their
numbers and so their enzymes excreted (Bergstorm, et al, 1998) .The objective of this investigation
is to study the effect of the source and concentration of different organic manures and the soil types

on the activity of enzymes represented by urease, asparginase, and glutaminase .

Materials and Methods

Soil types: Soil samples were collected from three different locations in Northern Iraq to represent
different properties, as possible, air dried, and ground to pass a 2-mm sieve. Samples of each soil
were analyzed physically and chemically, as stated by Page, et al 1982 (table 1).

Table (1) : Some of the chemical and physical properties of the soils studied.

Soil Type pH Ec(dsm™) Organic M% CaCO3% Texture
Soil 1 7.13 0.48 0.45 40 Silly clay
Soil 2 7.3 0.84 0.96 28 Silly clay
Soil 3 7.86 1.40 0.34 20 Silly loam

Organic manures: Manures of Chicken, sheep, cow, and alfalfa straw were collected, air dried,
and ground to pass a 2-mm sieve. Some of their chemical properties are shown in table 2. (Page et

al, 1982)
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Table (2) : Some of the chemical properties of the organic manures studied.

Organic C% N% P% Ec(dm™) pH
source
Chicken 35.3 3.5 1.04 11.6 7.1
Sheep 31.9 23 0.68 9.2 7.6
Cow 29.6 2.1 0.91 8.3 8.1
Alfalfa 24.8 4.7 0.39 6.8 6.2

The Experiment: A 500 cc plastic containers, each containing 150g of soil were used as
experimental units. The number of containers equal to 72, a result of the combinations of 3 types of
soils, (soil 1, 2, and 3) 4 sources of organic manures with 3 concentrations (0, 1%, and 2% w/w).
Each replicated 3 times. After the addition of the specific level of each of the organic manures to
each of the three soils under study and thoroughly mixed, moisture was added up to 90% of the
field capacity of each soil and maintained at this level of moisture by weighing the containers each
4 days. The containers were incubated at 26+ 2C° for 42 days during which, the activities of the
enzymes urease, asparginase, and glutaminase were measured at (0, 14, 28, and 42) days of
incubation according to Tabatabai (1994), and expressed as ,micromole NH,-N g h™. The plastic
containers were opened at 3- days intervals for aeration.

Result and Discussion

Activity of the Enzyme Urease :

Table (3) shows the effect of incubation period on the activity of the enzyme Urease in three soils
treated with different concentrations of manures. The data indicate that the activity in the
unamended soils at the beginning of the experiment (time 0) differs from one soil to another.
Heigher activity was measured in soil 2, followed by soil 1, while soil 3 was the least (0.52, 0.33,
and 0.16 micromole. NH4-N g h™), respectively. This was in correlation with the organic matter
contents of each soil (Table 1). Soil 2 contains the heighest, while, soil 3 the lowest. Microbial
biomas is proportional to the organic matter contents of the soil, the more the biomas, the more the
enzymatic activity (killham 1996 and Alexander 1977, Dick, et al. 1988). Addition of the lowest
level of the organic manures (1%) increased that activity and in some cases it was about double of
that obtained in the control. Another increases were also noted when the level of the added manures
was 2% . Again, the heighest activity was in soil 2 followed by soil 1, then soil 3. the source of
these increases in activity at time 0 are the added manures, since animals and plants excrete urease
similer to that excreted by bacteria and fungi (Conn & Stumpt, 1975). Table (3) also shows that
incubating the unamended and the manures - amended soils for 14 days gave maximum peak of
activity, and any further incubation decreased that sharply. This sharp decreases in activity is
probably due to the degradation of the most degradable part of the organic nitrogen composing the
organic manures within the first fourteen days of incubation due to the favorable conditions of
optimum temperature, moisture, and pH (Alexander 1977, Killham 1996). It was found that,
raising the level of the added manures from 1 to 2% increased the activity of the enzyme urease and
in some cases, it was double of that measured at the 1% level-maximum activity (5.35 micromole
NH,-N g h'") was measured in soil 1 when amended with 1% chicken manure, followed by alfalfa
straw (3.69 micromole NH,-N g h'), followed by sheep manure (2.85 micromole NH,-N g h'),
while cow manure was the least (2.69 micromole NH,-N g h') . Values for soil 1 were (2.88, 3.24,
2.66, and 1.75 micromole NH4-N g h' ) respectively. Another increases in the activities were
oblained in the soils amended with 2% organic manures (7.29, 7.78, 5.15, and 3.86 micromole
NH,-N g h') ) for soil 2 and (5.64, 7.19, 4.79, and 2.85 micromole NH,-N g™ h') for soil 1. the
least activity was measured in soil 3 for both levels of organic manures.
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Table (3) : Effect of Incubation Period on Urease Activity (Micromole NH4;-N g h™) in Three
Soils Treated with Different Concentrations of Four Types of organic Manures.

A- Chicken Manure

Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.33 0.62 0.39 0.16
1 0.78 2.88 1.46 0.19
2 0.94 5.64 2.20 0.08
Soil 2 0 0.52 0.81 0.58 0.32
1 0.78 5.35 1.82 0.26
2 1.10 7.29 2.53 0.10
Soil 3 0 0.16 0.52 0.29 0.10
1 0.38 2.11 1.13 0.16
2 0.55 5.02 1.72 0.42
B- Sheep Manure
Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.33 0.62 0.39 0.16
1 0.52 2.66 1.17 0.06
2 0.64 4.79 1.98 0.58
Soil 2 0 0.52 0.81 0.58 0.32
1 0.52 2.85 1.59 0.49
2 0.84 5.15 2.33 0.25
Soil 3 0 0.16 0.52 0.29 0.10
1 0.26 1.91 0.88 0.23
2 0.46 4.44 1.42 0.45
C- Cow Manure
Soil Type Conc. Of o.m Incubation Periods (days)
0 14 28 42
Soil 1 0 0.33 0.62 0.39 0.16
1 0.46 2.53 0.97 0.03
2 0.58 2.85 1.59 0.00
Soil 2 0 0.52 0.81 0.58 0.32
1 0.45 2.69 1.23 0.26
2 0.68 3.86 1.72 0.19
Soil 3 0 0.16 0.51 0.29 0.10
1 0.10 1.75 0.55 0.13
2 0.23 2.53 1.17 0.23
D- Alfalfa Straw
Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.33 0.62 0.39 0.16
1 0.84 3.24 1.85 0.19
2 1.13 7.19 2.30 0.39
Soil 2 0 0.52 0.81 0.58 0.32
1 0.97 3.69 2.01 0.74
2 1.33 7.78 2.63 0.10
Soil 3 0 0.16 0.51 0.29 0.10
1 0.45 2.69 1.46 0.36
2 0.88 5.61 2.01 0.62
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The genera bacteria and fungi which excrete this enzyme are chemoheterotrophs and any increase
in the source of carbon and energy will increase their biomass which in turn will increase the
activities of the enzymes excreted by them. Many investigators have obtained similar results.
Zantua & Bremner 1976 found that urease activity in soil can be increased by the addition of
glucose , starch, cellulose, animal manures, and plant materials. They concluded that , although,
some of the urease activity produced when treating the soil with organic materials, but , eventually
becomes identical to that of the unamended soils. Elder (1993) reported increases in microbial
biomass and enzymatic activities after long-term addition of cattle slurry to a grass land. Hojati and
nourbakhsh (2006) studied the effect of cow manure and sewage sludge (25 and 100 Tons h™") on
microbial biomas and enzyme activities in a calcareos soil cropped to corn and found that both
organic amendments increased the enzymatic activities of glutaminase, alkaline phosphatase, and
B-glucosidase compared to the control, and their activities increased with the increases in the rate
of application. Comparing the effect of organic manures on the activity of the enzyme urease, it
was noted that after fourteen days of incubation, alfalfa straw gave the highest activity followed by
chicken manure. Sheep and cow manure was the least, respectively. Table (2) showed that the
percentage of the total nitrogen content of alfalfa straw and for chicken manure were 4.7% and
3.5%, respectively, while sheep and cow manures were 2.31 and 2.1% respectively, which reflected
on the activity of this enzyme. Again soil 2 gave the heighest activity followed by soil 1, while soil
3 was the lowest, regardless of the type or the concentration of the added manures.

Activity of the enzymes asparginase and glutaminase :

Tables (4 and 5) shows the effect of incubation periods on the activity of the enzyme asparginase
(table 4) and Glutaminase (table 5) in three soils treated with different concentrations of manures.
The data indicate also that at time O the heighest activity was registered in the unamended soil 2
followed by soil 1, and soil 3 was the least, probably for the same reasen mentioned previously.
Again incubating both unamended and manures- amended soils for 14 days gave maximum
activity, which decreased after that to reach the activity measured in the control. Quiquampoix et
al, 2002 , Yang et al 2006, Laxman and Raman 1999 mentioned that the decrease in the activity
may be due to the formation of clay- enzyme or metal — enzyme complexes. Complexation of the
enzymes by the clay contents of the soil or metals may affect positively or negatively on the
activity of enzymes and some time have no effect. The data of table 4 and 5 indicated that, similar
findings to that of urease activity were obtained with regards to the effect of the concentration of
the added manures on the activity of both enzymes (asparginase and glutaminase). The heigher the
level of the added manure, the higher the activity. Generally, the activity of the enzyme asparginase
was more than the activity of the enzyme glutaminase for all the manures tested, except when
sheep manure was used, where the opposite was found. Most of the organic N in the organic
manures is protein with different sequences of amino acids, among them the amino acids aspargine
and glutamine, substrates of the enzyme asparginase and glutaminase, respectively, and probably
the concentration of aspargine is more than glutamine (substrate of these enzymes) in all of the
manure tested except for sheep manure, which we expect the opposite.
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Table 4. Effect of Incubation Period on Asparginase Activity (Micromole NH,-N g h™") in Three
Soils Treated with Different Concentrations of Four Types of organic Manures.

A- Chicken Manure

Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.16 0.42 0.16 0.00
1 0.41 2.64 0.12 0.19
2 0.84 5.12 1.62 0.10
Soil 2 0 0.42 0.62 0.19 0.10
1 0.62 3.27 1.26 0.06
2 0.91 6.29 1.78 0.87
Soil 3 0 0.10 0.29 0.10 0.00
1 0.26 1.72 0.55 0.10
2 0.45 3.85 1.46 0.36
B- Sheep Manure
Soil Type Conc. Of o.m Incubation Periods (days)
0 14 28 42
Soil 1 0 0.16 0.42 0.16 0.00
1 0.39 2.09 0.88 0.00
2 0.38 4.12 1.13 0.19
Soil 2 0 0.42 0.62 0.19 0.10
1 0.49 2.39 1.03 0.22
2 0.19 4.51 1.46 0.19
Soil 3 0 0.10 0.29 0.10 0.00
1 0.10 1.42 0.38 0.00
2 0.29 3.66 1.12 0.19
C- Cow Manure
Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.16 0.42 0.16 0.00
1 0.26 1.81 0.68 0.10
2 0.36 243 0.94 0.03
Soil 2 0 0.42 0.62 0.19 0.10
1 0.42 2.07 0.91 0.19
2 0.36 3.69 1.17 0.10
Soil 3 0 0.10 0.29 0.10 0.00
1 0.13 1.13 0.29 0.00
2 0.19 1.72 0.84 0.10
D- Alfalfa Straw
Soil Type Conc. Of o.m Incubation Periods (days)
0 14 28 42
Soil 1 0 0.16 0.42 0.16 0.00
1 058 3.21 1.13 1.29
2 0.94 6.71 1.98 0.07
Soil 2 0 0.42 0.62 0.19 0.10
1 0.78 3.44 1.65 0.38
2 1.03 6.32 2.14 1.04
Soil 3 0 0.10 0.29 0.10 0.00
1 0.36 1.91 0.88 0.23
2 0.62 4.18 1.72 0.24
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Treated with Different Concentrations of Four Types of organic Manures.

A- Chicken Manure

Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.19 0.26 0.10 0.00
1 0.36 2.63 091 0.19
2 0.55 4.76 1.43 0.29
Soil 2 0 0.19 0.52 0.19 0.10
1 0.49 3.44 0.94 0.25
2 0.57 5.83 1.46 0.00
Soil 3 0 0.06 0.19 0.13 0.00
1 0.19 1.13 0.45 0.04
2 0.36 3.31 1.13 0.29
B- Sheep Manure
Soil Type Conc. Of 0.m Incubation Periods (days)
0 14 28 42
Soil 1 0 0.19 0.26 0.10 0.00
1 0.26 1.85 0.65 0.10
2 0.38 3.74 0.98 0.00
Soil 2 0 0.19 0.52 0.19 0.10
1 0.23 2.92 0.74 0.17
2 0.49 4.61 1.17 0.17
Soil 3 0 0.06 0.19 0.13 0.00
1 0.10 0.91 0.19 0.00
2 0.19 2.82 0.97 0.10
C- Cow Manure
Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.19 0.26 0.10 0.00
1 0.13 1.43 0.49 0.10
2 0.26 2.11 0.62 0.00
Soil 2 0 0.19 0.52 0.19 0.10
1 0.13 2.56 0.55 0.10
2 0.36 3.08 1.04 0.19
Soil 3 0 0.06 0.19 0.13 0.00
1 0.00 0.55 0.19 0.00
2 0.10 1.62 0.74 0.06
D- Alfalfa Straw
Soil Type Conc. Of o.m. Incubation Periods (days)
0 14 28 42
Soil 1 0 0.19 0.26 0.10 0.00
1 0.25 2.82 0.91 0.22
2 0.74 5.83 1.65 0.17
Soil 2 0 0.19 0.52 0.19 0.10
1 0.58 431 1.17 0.19
2 0.91 6.81 1.81 0.19
Soil 3 0 0.06 0.19 0.13 0.00
1 0.36 1.42 0.58 0.10
2 0.45 3.47 1.46 0.36
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Abstract

Magnesium is an essential nutrient element for plant growth, but in concentrations higher than Ca, it may
cause negative effects on soil properties and plant growth. Rafsanjan valley with an aridic soil moisture
regime and high salinity of soil and water resources is located at the southeastern part of central Iran under
intensive pistachio orchards. The objectives of the present research were to study the effect of irrigation
water on increasing concentration of some nutrients like Mg in the soil, and to compare properties of
pistachio orchard soils (4 representative Pedons) with non-cultivated adjacent soils (4 representative Pedons).
Results of the study showed that irrigation with a high Mg concentration water (56.3 meql") increased Mg
concentration and Mg/Ca ratio (from 0.73 to 1.34) and decreased K and Na concentrations and SAR content
in soils under study. Besides, irrigation more than leaching requirement decreased K (from 5.56 to 3.7 meql-
1) and Na (from 538.7 to 311.9 meql™) concentrations, EC (from 58.4 to 41.2 dSm™") and SAR (from 50.05
to 43.9) contents in pistachio orchard soils compared to non-cultivated soils. On the other hand, irrigation
without considering leaching requirement has increased EC from 27.8 to 37.9 dSm’'. Irrigation management
practices and water quality have significantly affected soil properties.

Keywords: Mg/Ca ratio, Pistachio, Rafsanjan, Soil quality.

Introduction

An extent area of Iran is arid and semi-arid and faces water deficiency. A great portion of water
needed for agriculture, industry, and drink purposes is from underground water resources.
Rafsanjan area has the most widespread Pistachio orchards in Iran. Deep wells together with
irregular and non-sustainable irrigation has lowered water table and increased some elements like
Mg in water. Mg concentration increases with salinity and affects soil properties.

Mg levels in soils and irrigation water has increased (Vyshpolsky, et al., 2010). Using Mg-rich
irrigation water affects soil fertility and plant growth (Fernandez-Cirelli, et al., 2009). Magnesium
composed about 1.93 % of earth crust. Mg is absorbed by soil particles in arid and semi-arid soils,
that is why toxicity of Mg in these climatic regions is even more important than its deficiency.
There are different ideas about role of Mg on physicochemical soil properties (Norton and Zhang,
2002). The role of Mg on pH is sometimes more than Ca, which increases soil pH up to 8.5.
Magnesium reduces soil structure stability directly and increases Na on exchangeable sites,
indirectly (Yousaf, et al., 1987; Curtin, et al., 1994; Norton and Zhang, 2002). Type of clay
minerals and electrolyte concentration control these negative effects of Mg.

Karimove et al. (2009) reported that higher Mg/Ca in irrigation water replaced Na by Mg on
exchangeable sites of soil. Since Pistachio orchards have been highly affected by Mg-rich irrigation
water through time, the main objective of the present research was to study physicochemical
properties of soils under pistachio orchards compared with non-cultivated adjacent soils in Bayaz
area of Rafsanjan.

Materials and methods

Study area

Bayaz area with the elevation of 1410 m asl is located between 55° 16' to 55° 43' longitude and 30°
32" to 30° 52' latitude (Fig. 1). Mean annual temperature and rainfall are 17.7 and 89.4 mm,
respectively. Soil moisture/ temperature regimes are aridic/thermic (Banaie, 1998).

There are 63 deep wells and 4 ganats in the area (Geographical Organization of the Ministry of Defense
and Armed Forces Logistics. 2003). From geological point of view, the area is part of central Iran unit
which is called Anar-Rafsanjan basin. The Anar-Rafsanjan basin is composed of Neogene
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sediments. The alluviums are well sorted from coarse fragments in elevations toward salty clay
deposits in playa (Geographical Organization of the Ministry of Defense and Armed Forces
Logistics. 2003b). N
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Fig.1. Study area and location of representative pedons

Field work

Chemical analyses of about 500 irrigation water samples were studied and 4 representative water
samples with different Mg/Ca ratios were selected. Besides, 4 representative pedons in Pistachio
orchards and 4 pedons in non-cultivated adjacent soils were selected, described and sampled
(Schoeneberger, et al., 2001).

Lab analyses

Air dried soil samples were meshed and passed through a 2 mm sieve. Particle size distribution
(Gee and Bauder, 1986), weight percent of saturated moisture (SP), Calcium and Magnesium in
saturated extract (Richards, 1954), Na and K with Jenway Flame Photometer (Richards, 1954), CI
by titration with AgNO; (Richards, 1954), CO;> and HCO;" with titration method (Richards, 1954)
were investigated. Jenway pH and conductivity meters were also used for pH and EC measurement
of soil samples. Besides, pH, EC and routine cations and anions were determined in irrigation water
samples.

Table 1 - Chemical properties of irrigation water used in pistachio orchards under study

EC Cations (meq/lit) Anions (meq/lit)
Area pH SAR Mg/Ca
(dS/m) ca® Mg™ Na® K| CI €O HCOy SO
Baharestan 155 7.1 21.15 1507 1475 0.99 | 135 0 2 4771 347 0.7
Giti Abad 194 7.0 387 155 17625 0.97 | 180 0 1.2 50.22 33.89 0.4
Egj:g 209 6.7 346 563 186.25 1.13 | 185 0 4 89.28 27.63 1.6
1;45;1311 153 72 259 228 1325 1.06 | 1475 0 1.2 33.56  26.87 0.9

Results and discussions

Table 1 shows chemical properties of irrigation water samples studies. Baharestan village has the
Mg/Ca ratio of 0.7. Moreover, Mg/Ca ratio in Pistachio orchard (pedon 1) and non-cultivated
adjacent soil (pedon 2) are 0.39 and 2.22, respectively (Table 2). It seems that irrigation with good
quality water has decreased Mg/Ca ratios from 2.22 to 0.39 in Pistachio orchards under irrigation.
The same trend was also observed in pedons 3 and 4.
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On the other hand, Mg/Ca ratio in Hojat Abad irrigation water is 1.6. The ratios higher than 1 are
called Magnesium-rich water (Qadir and Pauw, 2007). Comparison of pedons 5 and 6 show that the
Mg/Ca ratio of orchard soil (pedon 5) is 0.56, which increases to 1.02 due to Magnesium-rich
irrigation water used.

Electrical conductivity, Na', K" and SAR contents in cultivated soils are less than non-cultivated
soils except pedon 7, which is attributed to irrigation time intervals. Jalali (2008) has also reported
that the use of a saline irrigation water containing high Mg content for a long time increases K
leaching in saline and sodic conditions. Moreover, Yong et al., (2005) reported that pedogenesis
caused a more Magnesium holding capacity in lower horizons of Anthrosols of China. The same
results were also observed in soils under the study of the present research.

Table 2- Mean weight of some chemical properties of representative pedons

EC Cations in solution (meq/lit)
Pedon No. SAR Mg/Ca
(dS/m) Ca?t M g2+ Na® K
1 14.3 37.43 14.7 103.6 1.32 20.3 0.39
2 85.7 31 69 1169 16.2 169.8 2.22
3 57.8 29.13 27.07 156.3 1.34 29.06 0.93
4 102.2 127 197 1348 30.6 95.8 1.55
5 37.9 80.12 44.75 3154 3.09 40.22 0.56
6 27.8 14.97 15.31 300.77 2.83 76.26 1.02
7 41.2 42.5 57.05 311.87 3.68 43.94 1.34
8 58.3 100.9 73.3 538.7 5.56 50.05 0.73

Pedons 1 3, 5, and 7 are located in pistachio orchards of Baharestan, Giti Abad, Hojat Abad, and Mehdi
Abad, respectively; pedons 2, 4, 6, and 8 are located in non-cultivated soils of Baharestan, Giti Abad, Hojat
Abad, and Mehdi Abad, respectively.

Conclusions

- Magnesium concentration increases with salinity and this in turn increases Mg/Ca ratio.
- Mg/Ca ratio of irrigation water highly affects this ratio in soils under irrigation.

- Parent material, pedogenesis and anthropogenic factors affect Ca and Mg in soils.
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ABSTRACT

The soil test is an important measure of the soil's ability to supply nutrient elements needed for good plant
growth also soil testing reveals the current fertility status and provides the information necessary to maintain
the optimum fertility conditions for the plants to be grown. Regarding the importance of soil testing to soil
health, the main purpose of the study was investigation of effective factors on adoption of “soil test” by
potato growers in Zanjan province, Iran. The target population was consisted of potato growers in Zanjan
(N=1500). Stratified Random Sampling was used to select sample population and sample size was included
124 farmers. The main instrument for data collecting was a questionnaire. The questionnaire's validity was
confirmed by a panel of faculty members of University of Tehran. Reliability was measured by Cronbachs'
alpha and a=0.83 showed the reliability of the questionnaire was acceptable. The results of regression
analysis indicated that the adoption of soil test by potato growers in Zanjan province was explained by four
variables: attending in extensional courses, respondents' educational level, accessibility to information
channels and level of income.

Key Words: Adoption, Soil Test, Effective Factors, Zanjan Province.

Introduction

Fertilizers are the major suppliant of the plant with food elements and are also the most powerful
means of maximizing the production of agricultural crops in a hectare. In other words, nutrition
elements are critical for increasing the agricultural productions by increasing fertility of the soil.
Increasing agricultural production inattentive to food elements of soil without increasing the
fertilizers is not possible (Hajimirrahimi et al, 2010).. In another word sustainable soil fertility is
key to food and livelihood security of millions of people living in semi-arid regions. (Reddy, 2011)
Although providing the soil chemical and organic materials which mostly done by using different
kind of fertilizers in professional agriculture is necessary, in Iran over consumption of chemical
fertilizers and imbalance and inappropriate application of them and also ignoring organic fertilizers
has became a matter of great concern. Hence Plant nutrition is not used as a scientific tool to
increase production in Iran, because over 95% of 2/2 million ton consumed fertilizer is consisted of
fertilizers such as urea and ammonium phosphate and other nutrition elements especially micro
elements application is very few in fertilization are not observed. The imbalance consumption has
led to nutritional deficiency and decrease of soil fertility and also decreasing agricultural produces
quality and quantity (Malakoti and Nafisi, 1995).

-Experts believe that sampling and soil test is the only way to restore balance and apply correct
fertilization. Paying great attention to soil test results could be important for the further growth of
nutrient management in cereal production (Katalin and et al., 2009). Furthermore adoption of some
management practices, such as soil testing believed to be an effective way to reduce nonpoint-
source pollution from agriculture (Wu and Babckock, 1998)

An agriculture ministry effort has not led to adaption of soil test by farmers. There are unknown
different problems that farmers do not adopt soil test. In addition to technical factors, there are
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many social issues, which significantly affect the Soil fertility management measures like soli test
(Reddy, 2011).

This research has been performed with goal of identification of difficulties and effective factors in
adoption of “soil test” by potato growers in Zanjan province.

The study results of Heydari Sareban and Eftekhari (2010) in Ardabil province showed that there is
important difference between production cooperative members and non-member farmers due to
income and use of regarding of extensional recommendations and their confidence to actions and
connection with relation channels and also, there is meaningful and positive relation between
independent variables of working-hours of farmer second job, relative advantage and adjustment
and test, observable results and soil holding operation complexity and all lands under possess and
management and farmer’s work, number of receive debt holding of soil and value, of debt
installments and preferring elders to consulting in operation field with value of operation
innovation adoption of soil, Also, between know independent variables because of hold operation
of soil and numbers of educational terms that a farmer participates in and value of holding the
information of radio and educational leaflets with value of operation innovation adoption of soil.
The study results of Rostami and et al (2007), indicates that education level and the amount of
lands under culture and production various and degree of risk and kind of posses all they are 5
effective factors in acceptance insurance by wheat planters of Kermanshah Hercin City. Yong
farmers and lands owners and containing year’s insurance acceptance have tendency toward
insurance. Finding research of Arayesh (1998), about farmers raining irrigation technology
acceptance behavior in Elam province show that there is not meaningful relation between age and
education and lands situation and farmers social characteristics with raining irrigation technology
adoption. As there is meaningful relation between agricultural unit size and year of working and
economic, cultural and technical factors with adoption of this innovation. Also, studies of yaghobi
andchizari (2000), show that behavior adoption of domesticated insurancement in Isfahan province
that there is not meaningful relation education independent variables and years of working and age
and responded social specifications and hold-domesticates approach to domesticated insurancement
and relation to promoter and hold-domesticated company in education actions, but there is
meaningful relation between domesticated number independent variables, rate of income, number
of debt receive times and amount using of channels and relation resources and domesticated
instrument acceptance or adoption. The Research’s results Chizari(2003), shown there is
meaningful and negative relation between degree of soil holding technology acceptance or adoption
and age variable and years of agriculture, but there is meaningful and positive relation between
literacy level, agricultural income, utilized lands extension and agriculture’s approach relative to
holding soil and rate of using of debts and variable and governmental credits dependent on soil
holding technologies adoption. Other study in Khodabande Town, zanjan province shows that
being educated and having more lands are effective on insurance acceptance by cereal planters. Of
course factors such as: age, participation in expert’s classes, having unagriculture job and receiving
of facilities of agricultural institutes are unable effects on adoption of this innovation. On the other
hand study of Dervish and cooperation is explained awareness degree of Agro Forestry innovation
and degree of accessing to validities or credits and annual income of family about 50% changes
degree adoption, and education and income and access to institutes have meaningful and positive
effect on this adoption. The study findings in Ardebil province showed that access to publications
and books on irrigation, literacy level, knowledge relation to irrigation and agree of lands under
coverage to farmer's behavior is effective in rinsing irrigation (Bagheriand Malekmohammadi,
2005). The studies Hardaker and et al. (2004), did shows that farmer’s decisions in planning is the
result of individual experiences, degree of knowledge and ability to face the risks and degree of
acquiring information from data recourses. Also membership of farmers in councils and their
connection with other farmers have positive affection on their decisions. Also, the studies Barnett
and et al (2000), shows that Arkans farmers, miccipi and Louisiana have little trend to innovation
adoption of insure men relation to farmers other areas America that it’s reason is expressed
innovation increase cost and weakness innovations enforceable designing. The studies Hodges and
et al, (1994), shows limitation. Knowledge producers have been caused un-acceptance of holding
irrigation innovation. Other study has shown that the meaningful relation exists between subsidies
to buying irrigation equipment to farmers with degree of irrigation technology adoption by them
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(Dinar and yaron, 1992). The results of study Caroline and et al (2009) in Missouri of America has
shown that humanist’s motivation was important reason of participation adoption in holding plan
environment, and also educational plans have been meaningful effect of increasing of motion and
supportive group’s management knowledge of environment. The results of another study in
Switzerland are shown that perception, communication, and possibilities to participate are the most
decisive driving factors influencing the formation of a long-lasting acceptance. Furthermore,
acceptance may be based mainly on economic criteria, on usefulness, on ecological or even
aesthetic aspects. It could be shown that not all of these motivations lead to a long-lasting
acceptance. Ecologically based acceptance seems the most promising because it is founded on
general convictions. Economic incentives though important seem to generate only superficial
acceptance and do not seem to be as important as is usually assumed (Schenk and et al, 2007).
Study of Sattler and et al (2008), shows that despite the general assumption that farmers’ decisions
are mostly driven by economic rationality, costs were not the most important factor. Other factors,
like associated risks, effectiveness, or time and effort necessary to implement a certain measure
were equally or even more important depending on the specific situation. Generally, reviewing the
research findings results show that individual factors are personality characteristics, and literacy
level and farmer’s job experiments that have much effect on innovation adoption level. In other
word, incentives and materials and spiritual motives and also supports and financial facilities can
be determinant on degree innovations adoption.

Materials and Methods

This research involved a descriptive-correlation and a causal comparative survey study. The
population of this study consisted of 1500 potato growers in Zanjan province. Using a stratified
proportional random sampling technique, 124 potato growers chosen as a sample for the study and
were divided into two groups (adopted = 43 and non-adopted = 81) based on their adoption status
of Soil Test. Sample size was obtained and supported by the study of Cochran (1977) which offers
a formula for determining sample size for a given population. Independent variable of relation
characteristics is relative to degree aware and information of innovation “soil test” and kind of
impression it’s characters and manner potato grower appreciation in extension-educational actions.
Dependent variable is innovation level “soil test” by potato growers in Zanjan province. The main
instrument for data collecting was a questionnaire. The questionnaire's validity was confirmed by a
panel of faculty members of University of Tehran. Reliability was measured by Cronbachs' alpha
and 0=0.83 showed the reliability of the questionnaire was acceptable. Data were analyzed using
Statistical Package for the Social Sciences (SPSS). Descriptive statistics (frequency, percent, mean,
standard deviation) were used to describe analyzed data. Independent sample t-test, the man-
whitney test and discriminate analysis were employed to analyze the difference among variable.

Result and Discussion
Farmers personal and farming characteristics: The mean age of farmers in the study was
47years (SD=12/8) the majority (68 farmers or 53%) ranged from 55-65 years old. On average,
farmers 33/5 years of experience in agriculture (SD= 16/5). The averages of irrigated and
arid land amount were 2.54 and 8.65 hectares, respectively. Farmer’s educational level average 2.5
years, 76 farmers (63%) had elementary level education. On the other hand, the average distance of
farmers land to the nearest agricultural service centers was 6.5 Km.

Table 1: Farmers personal and farming characteristics (n= 124).

variables Mean SD Min Max
Age (year) 47/02 12/81 24 68
Agricultural experience (year) 33/58 16/55 2 52
Irrigated farm size (Hectare) 2/54 1/48 1 8
Arid farm size (Hectare) 8/65 5/65 1 25
distance between farm and agricultural service centers 6/5 /66 1 20
(Km)

Educational level (year) 2/51 1/98 1 8
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Correlation coefficients between selected variables with the rate of adoption of soil
test by potato growers

The results of correlation coefficient in Table 2 showed that there was significant and positive
relationship between the dependant variable of “the rate of adoption of soil test by potato growers”
and independent variables of their: attending in extensional courses (P<0.01), respondents'
educational level (P<0.05) and accessibility to information channels (P<0.01). There was also no
significant relationship between the respondents’ level of income with the rate of adoption of soil
test by potato growers at the alpha levels of 0.05 or 0.01.

Table 2- Correlation coefficients between selected variables with the rate of adoption of soil test
by potato growers

Selected variables Correlgtion Significant
coefficients Level
Attending in extensional courses 0.752 0.000**
Respondents' educational level 0.654 0.031*
Accessibility to information channels 0.369 0.001**
Level of income 0.331 0.441

**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.

Effective Factors on Adoption of “Soil Test” By Potato Growers

The multivariate regression with stepwise method was used for predicting impacts of independent
variables on the dependent variable of adoption of soil test by potato growers. The results of this
analysis showed that the variable of “attending in extensional courses” was entered into the
equation at the first step. Multiple correlation coefficients (R) were equal to 0.517 resulting in
coefficient determination (R2) equal to 0.267: it means that 26.7% of the changes in the variance of
the dependent variable are explained by the above mentioned variable.

At the second step, the variable of “respondents' educational level” was entered into the equation.
The variable increased R and R2 up to 0.723 and 52.3%, respectively; which describes 25.6% of
the changes in the variance of the dependent variable. “Accessibility to information channels” was
entered in the equation at the third step. This variable increased R and R2 up to 0.781 and 61%,
respectively. Thus, 8.7% of the changes in the variance of the dependent variable were described
by the “accessibility to information channels”. At the last step, the variable of income level entered
in the equation and it increased R2 up to 62.7%. These results are shown in Table 3.

Table 3- Results of regression analysis related to effective factors on adoption of soil test by potato
growers

Independent variable R R2 R2 Ad. B Beta Sig.
Constant - - - 1.01 - 0.000
Attending in extensional courses 0.517 0.267 0.257 1.78 0.514  0.000
Respondents' educational level 0.723 0.523 0.518 1.12 0359  0.000
Accessibility to information channels 0.781 0.610 0.606 1.04 0.177  0.001
Level of income 0.792  0.627 0.625 0.56 0.122  0.002

Taking the above results and those in Table 3 into account, the linear equation resulting from
regression analysis is as follows:

Y =1.01 + 1.78X1 + 1.12X2 + 1.04X3+ 0.56 X4
The components of the equation include:

Y = Adoption of soil test by potato growers,
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X1= Attending in extensional courses,

X2 = Respondents' educational level,

X3 = Accessibility to information channels,
X4 = Level of income.

According to the results shown in Table 10, the variable “attending in extensional courses”
(Beta= 0.514) had the greatest influence on the adoption of soil test by potato growers; the
variables “respondents' educational level” (Beta= 0.359), “accessibility to information channels”
(Beta= 0.177) and “level of income “(Beta= 0.122) ranked as the second, third and fourth most
important factors respectively influencing the dependent variable.

Suggestions

According to importance of attending in extensional courses in adoption of soil test by potato
growers, sound educational programs should be planed for making the people informed and
encouraged by using various staff development and extension training strategies. Potential
educational and training programs might include, among other strategies and methods: conducting
workshops and meetings; promoting lecture presentations; supporting publication and distribution
of educational materials related to soil test.

According to the results of regression analysis, one of the most important variables affecting
adoption of soil test by potato growers was accessibility to information channels. In this regard,
providing the information channels particularly new ones including computers and Internet can
accelerate the rate of adoption of soil test among the rural people.

A comprehensive and long term planning to presence and continuous connection of promoters and
experts with potato growers in center or production units for controlling to agricultural function
carry out in applying the innovation.
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Abstract: Weed management is a key issue in organic farming systems. Weed suppression has been found
to be greater in intercrops compared with sole crops, indicating synergism among crops within intercrops. In
order to investigate the Weed suppression ability of soybean and maize in pure and mixed stand an
experiment was conducted as complete randomized block design with 4 treatments and 4 replications at the
Agricultural Research Station, Sari Agricultural Sciences and Natural Resources University, Faculty of
Agriculture, during 2008-2009. Treatment included: monocultures, intercropping of soybean and maize and a
control treatment where weeds grew without crops. Result indicated that total weed number was higher in the
soybean stand compare to the weed number in the maize-soybean stand. In corn the number of weeds was
significantly lower than that for soybean. This research reports weed suppression had been found to be
greater in intercrops compared with sole crops and diversity of weeds was decreased in mixed stand, in
comparison with monoculture. Mixed culture was one effective method in sustainable crop production.
Keywords: intercropping, soybean, maize, weeds.

Introduction

Weed science has a long history of solving weed management problems for farmers. Over the last
four decades most of the solutions to weed problems have been based on herbicide technology (Raj
can and Swanton, 2001). There is a national need to find profitable, weed management systems
that help farmers reduce both soil erosion and surface water contamination by sediment, nutrients,
and herbicides. Research suggests that a biological advantage to intercropping may result from
complementary use of growth resources (Banik et al., 2006). Component crops may differ in their
use of growth resources over time and space such that when grown together they make more
efficient use of light, water, and nutrients than when grown separately. In addition, competition
from weeds may be lessened by a combination of crop species occupying two or more niches in the
field (Younie et al., 2002). It is commonly cited that intercropping can be an efficient means of
weed control. Aladesanwa and Adigun (2008) Reported that intercropping maize with ground nut
(Arachis hypogaea L.), mungbean (Vigna radiate L.), or sweet potato [I[pomea batatas (L.) Lam.]
reduced weed growth, yield losses and time required for weeding. The objective of this
investigation was to determine the effect of intercropping maize with soybean on weeds compared
with pure crops.

Material and Method

Field experiment was conducted in a randomized complete block design with four replications at
the field station of Sari Agricultural Sciences and Natural Resources, University (53°4'E, 36" 39’ N)
during 2008-2009 cropping season in the north of Iran. In this experiment maize (SC704) and
soybean (032) were intercropped. plots were 4x4 m and consisted of four cropping systems:
intercropped maize at 50 000 plants ha” and soybean at 200 000 plants ha™ (MS;); sole cropped
maize at 50 000 plants ha™ (MS,); sole cropped soybean at 200 000 plant ha” (MSs) and control
treatment where weeds grew without crops (W). Seedbed preparation consisted of moldboard
plowing, disking, and roller harrowing. The desired populations were obtained by over planting and
thinning. Weeds were controlled with hand rouging or by mechanical cultivation as needed. Alcm?
area from each plot was harvested for determination of stover and plants straw (dry matter minus
grain) and 2 m” area from each plot was harvested for grain yield. Each sample was separated into
component crops and dried at 75 © until a constant weight was measured. Grain yield was
determined for Soybean and corn. For weeds biomass calculations, up to 10 randomly selected
plants (depending on their size) of each species, (including roots) within each plot were taken and
the average of dry weight (after oven drying at 70 for 24 h) of each species was determined and
multiplied by the number of existing plants within the quadrate in each plots. Using MSTAT-C
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data were analyzed and the significantly differences between different treatments were determent.
Using ANOV A method and Duncan Multiple Range Test (DMRT) the means were compared.

Results and discussion

Cropping system had a significant effect on maize grain yield (Table 2). Intercropped maize yields
were higher than sole cropped maize. In Intercropping corn yields were increased when soybean
rows were increased. This finding is similar to Alford et al., (2003) and Jiang et al., (1993) that
yield of corn can be enhanced by intercropping with pulse crops, possibly because biologically
fixed N is transferred from legume to corn plants. Soybean yield was reduced by the presence of
corn. These changes in yields were probably due to the success of corn in competing for light,
water, nutrients and weed suppression (Bonaparte and Brown, 2004; Silvia, 2007). Davis et al.,
(2002) reported in a cereal/legume mixture, the legume was severely depressed by cereal
competition soon after planting. More soybean yield was produced as the population of soybean
was increased in an intercropped (Banik et al., 2006). Soybean yield reduction in intercropped
soybean compared to the sole soybean, could be due to a higher degree of interspecific
competition in mixed stand and the absence of inter specific competition in the mono crops

(Rajcan and Swanton, 2001). The delays in senescence in the monoculture treatment increased the
grain filling period therefore increasing the size of kernels contributing to higher soybean yield.
Also, Increase in grain yield in soybean sole culture was attributed to increase light interception
during vegetative and early reproductive periods. This finding is similar to Jiang and Egli (1993)
that shade during reproductive growth reduced pod and seed numbers and yield.

Cropping system affected weed growth, sole soybean allowed the greatest weed production.
Maximum Weeds biomass and density was obtained in sole culture of soybean. Weed suppression
was observed when intercropping was additive, but the depression in above-ground weed biomass
was not due to a synergistic effect of crop diversity, but rather to the effects of crop density and
identity. This finding is similar to (Agegnnehu et al., 2006) that weed pressure can also be reduced
by intercropping. Reduction in weed density and biomass as planting density of the intercropped
species increased, observed by other authors (Fugiyoshi et al., 2007; Aladesanwa and Adigun,
2008).

10 weeds species occurred in the experiment (Table 1). The species redroot pigweed (Amaranthus
retroflexus L.) occurred in practically all experiment, was the most frequent.

This research indicates that intercropping maize with soybean can be done successfully in
temperate zone. This biological advantage to intercropping may result from complementary use of
growth resources. Component crops may differ in their use of growth resources over time and
space such that when grown together they make more efficient use of light, water, and nutrients
than when grown separately. In addition, competition from weeds may be lessened by a
combination of crop species occupying two or more niches in the field (Younie, and Litterick,
2002). These finding suggest that intercropping maize — soybean suppresses weeds and it is an
effective way to biological weed control.

Tablel- Occurrence index (number of plots where a certain weed species occurred/total number of
experimental plots) for weed species indentified in the experiment.

Species name Occurrence index (%)
Amaranthus retroflexus 78
Chenopodium album 45
Oxalis stricta L. 21
Stellaria media L. 10
Ambrosia Artemisiifolia L. 5
Sonchus arevenis L. 12
Abutilon theophrasti 42
Senesio vulgar 8
Veronica persica 2
Cynodon dactylon 28
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Table 2: Mean of corn grain yield, soybean yield. Weeds density and weeds biomass in different
corn and soybean ratio.

treatments Corn grain yield  Soybean grain yield =~ weeds biomass = Weeds density
(kg/ha) (kg/ha) (kg/ha) (Plant/m®)

MS]1 10.8* 1997.5° 1335¢ 12,8¢

MS2 9.8 e 1500¢ 14.7¢

MS3 2268.6a 1650° 15.2°

\ - e 2559° 16.6°

Means, in each column, followed by similar letter are not significantly different at the 1% probability level-
using Duncan’s Multiple Range Test.
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Abstract

A field Experiment was performed in randomized complete block design with split-plot arrangement with 4
replicates during 2010-2011 growing season to study the effect of different tillage methods on the germination
of seeds, grain yield and harvest index of two barley cultivars. The main plots allotted to four levels of tillage
(T1= Chisel + Disc two perpendicular + Leveler, T2= Disc two perpendicular + Leveler, T3= Moldboard
plow + Disc two perpendicular, T4= Rotary plow); sub plots allotted to 2 varicties (V1= Rihan, V2= Nosrat).
The traits evaluated in this trial, including seed germination, yield and harvest index respectively. The results
showed traits between different levels of tillage in all traits, there is a significant difference at 5% level. The
highest grain yield of tillage treatment by rotary plow 4,774 kg per hectare, which was quite a significant
difference between the yields on the other tillage methods. Another significant difference between three
tillage did not yield and three in the second group were statistically. Recent experiments also showed that
conventional tillage operations on soil imposes heavy despite some advantages, it is able to provide a perfect
platform to aggregate seed and maintain soil moisture; therefore, there is not much pressure in the long run
into the soil.

Keywords: Barley, Plow, Germination, Grain yield, Harvest index.

Introduction

Botanists believe that barely is one of ancient plants in the world and they speculate it was first
found in Africa. Most ancient cultivars known barely are two wild rows found in excavation in
south Europe. Evidences show the plant was cultivate in Stone Age. Mankind has cultivated barely
for about 10000 ears. It was commonly seen in Ferrous age in Arabic Republic of Egypt. At that
age pilled barely was mainly used for preparing bread. In Iran first barely farms are tracked down
to 3000BC, and it was the main source of bread during the Great Cyrus (Poursaleh, 1975). Aase
(2000) conducted a research to improve production performance of potato through studying
relation between plough and depth and physical properties of soil including superficial specific
weight, cone index, water penetration rate, viscosity and water erosion, fringing stream irrigation.
The research was conducted in a research farm with loam silty. Tillage samples under study were
disk, deep plough made by subsoiler plus disk, deep plough by subsoiler and withough tillage. The
study found no significant difference between plough methods regarding runoff and water erosion
of soil. Bohari (1995) argued that fuel consumption, energy demand and costs decreased by 55%
under tillage condition, while there was no difference between seed and product yield. Dikey
(1983) concluded in his researches that operation without tillage on soils with fine particles tissue
result in operation reduction due to weak condensation and aerate and utilization of disk mould-
board plough 25cm results in significant increase in performance.

Results of tillage and cultivating techniques experiments on maize and soy after wheat harvest by
Bicer (1987) showed no significant differences between different samples. However, direct
cultivating method is featured with more advantages regarding time and energy consumption.
Raimbout (1997) concluded that physical structure of soil significantly affect product yield, though
it is adjustable through proper tillage management techniques. Hermowan et, al. (1993) showed in
their researches that non-tillage soil results in less soil crust, superficial specific weight and soil
compression.Unger (1984) surveyed effects of un-plough and mould board ploughed system on
superficial specific weight of soil and reported that with the former, superficial specific weight of
soil was higher at 15 to 25cm. Ossible (1992) reported that compression sub-layer of soil results in
less seed and yarn yield in wheat on un-plough system. They believed that the reduction of yield
product is directly affected by soil mechanical strength, shortage of oxygen or accessible humidity
and nutrition.
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Materials and method

The experiment was conducted in Shahid Bahonar technical high school research farm located in
southeast Tehran, north of Varamin, Pakdasht dist in farming year 2009-10. The place of
experiment is at 1180m altitude from sea level and 18°28’ north and 51°44° east longitude and
latitude respectively. Based on Domerten classification, the area is considered as arid areas with
average annual precipitation of 170mm (based on 25years statistics by meteorological department).
Maximum and minimum temperature is +44 and -14°C respectively. The experiment was
conducted as split plot (partitioned plots) according to fully random blocks with three repetitions.
Main factors are four tillage methods, (-T1 chisel mould + two vertical disks + loler, -T2 two
vertical disk + loler, -T3 plough using mould-board plough + two vertical disk + loler, -T4 plough
with rotary tiller) and subsidiary factors were comprised of two modified barley types (-V1 Reyhan
modified type, -V2 Nosrat modified type). Samples were collected from two depths of 0 to 15cm
and 15 to 30cm in soil. Having the results obtained, 100kg/10*m (K20), 120kg/10*m (P205) dunk
and 40kg nitrogen at cultivating and 60kg/10*m nitrogen P205 was added to soil were added we
stem was developing. The land under experiment was a 86 * 34 parcel of land with an area of
2924m?2; main plots were 10 * 20m used as tillage samples, each main plot was divided into two
subsidiary plots with one meter hedge between each. The two cultivate of barely were cultivated
randomly in the plots. Staffs carried out seeding manually on 1 Oct. 2009 and seeds were placed at
2 to 4cm depth of soil by disk, afterward rows were arranged in 18cm intervals by furrower.
Bushes were completed gold and clusters were dried on 22 May 2010. Three samples were
gathered from each plot using a 1m2 wooden frame to separate the area and harvested by sickle.
Number of seed in cluster was determined using 20 bunches collected from different section of
plots randomly. Average of number of seeds in each cluster was taken as number seeds in each
cluster. Moreover, number of cluster in square meter was counted using the 1m2 frame. A specific
portion out of 1 square meter was adopted to calculate blossoming rate, afterward seeds blossoming
rate underground was determined for three points in each plot. The rate is obtainable using the
following formula:

Blossoming rate = (number of blossomed seeds/total number of cultivated seed) * 100.

Results and conclusions

Germination Rate

Early germination demands proper contact between seed and soil (Hadas 1975). According to
variance analysis results (table 1), different tillage methods have significantly different germination
rate at statistical level of 5%. Comparison on average germination rate of different tillage methods
showed highest rate of 85.97% for rotary tiller tillage process, this 7.33% increase to minimum rate
found in vertical heavy disc + lowler with 80.1% (table 2). However, no significant difference were
found between three samples processed with rotary tiller, mould-board plough + two turns vertical
disk + lowler and chisel plough. Soil humidity is one of the limiting factors of yield product, and
waste management and ploughing and tillage processes are highly effective on soil humidity.
Rotary tiller does not overturn the soil, but only cut the soil to a specific depth. Of specific features
of plough is to prepare the bed for seeding by passing over the land and consequently less total
extension. In this way, less power is wasted the plough. The plough decreases total weight of
tractor and soil compression, while it keeps more humidity of soil and consequently higher
germination rate (Sakine & anjel 2006). Rotary tiller replaces plough, disk and other prunes and
leave no groove and ridge behind (Mansouri Rad 1995). Results from other studies on different
tillage methods for different products showed that depending on local condition, facilities and
objectives, each tillage method such as tradition tillage (Unger, 1977m Rashi & De Datta, 1986,
Kheiralla et al. 2004), minimum tillage (Hemmat & Eskandari 2004), no tillage (Ambassa Kiki et
al. 1996) may have superiority to others.

Seed Yield

Results from data variance analysis showed significant differences between different tillage
methods regarding average seed yield (table 1). Maximum seed yield of 4774 kg/10'm was
obtained for samples with rotary tiller tillage, which is significantly different from other tillage
method. No significant difference were found between the three tillage methods (chisel plough, two
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turn vertical disk + lowler, two turns heave vertical disk + lowler and mould-board plough + two
vertical disk + lowler), and all were placed in second statistical group. Minimum average seed yield
was obtained from sample with tillage by two turns heavy disk + lowler equal to 3964 kg/10"m,
which is 20.4% reduction in comparison with rotary tiller tillage (table 2). Seed yield, as in index,
is a pivotal objective in barely modification plant. In this project, increasing performance and
reducing undesired trait simultaneously was the main objective, in other words, improving
performance along with perfecting features such as resistance against anti- photosynthesis factors,
high resistance to bad characteristics of soil, faster germination, early maturation and resistance to
diseases. The third objective entails developing biological models relative to different cultivation
condition, that is to modify plants with favorable types and features which affect positively on
photosynthesis, growth and seed yield (Sahota 2007). Studies by Dick (1992) on soy and [zaurralde
et al (1986) on wheat resulted in less yield in comparison with yield from traditional tillage. It
seems that different land preparation methods positively or negatively affect the yield through
modifying physical and chemical characteristics (Izaurralde et al.) such as humidity (Dick 1992,
Baemumer et al. 1973), soil temperature (Swanton & Willholm 1996). On the other hand, several
researches have reported damages caused by applying heavy machines such as mould board plough
on soil and consequently plant yield. Researches by Barzgar et al. (2003) showed negative effects
by mould-board plough on soil humidity at 1m depth and consequently seed yield comparing to
mild tillage machines. Yield differences between varieties of barely were significant at 5%
statistical level (table 1). Variety Reyhan with 4410kg/10*m yield is first in the line with 7.7%
higher yield comparing with variety Nosrate 4092.8 kg/10*m (table 2). The two varieties in this
study were of newly modified varieties for mild weather recently adopted from advanced lines in
Iran. Selection of the varieties was based on height of bushes, average weight of 1000 seeds, high
cultivation index and morphological characteristics. However, seed yield of variety Reyhan was
higher in comparison to variety Nosrat regarding number of cluster in surface unit and number of
seeds in cluster.

Reciprocal effect between different tillage methods and barely cultivates were significant, which
hints that seed yield change caused by tillage methods does not follow a uniform path. Two tillage
samples with rotary tiller on variety Nosrate and mould boarad plough on variety Reyhan yielded
maximum seed product equal with 4939 and 4856 kg/10’m respectively. Minimum yield was
obtained from mould-loader plough + two vertical disk + lowler on variety Nosrate (diagram 1).

Harvest Index

According to the results of variance analysis (table 1) there were significant differences between
tillage methods regarding harvest index. Maximum harvest index was obtained for rotary tiller
tillage soil equal to 46.7%, therefore difference with chisel plough + 2 vertical disk + lowler was
not significant. Tillage samples with two heavy vertical disk + lowler resulted in minimum harvest
index of 40.6%, which shows 15% reduction in comparison with rotary tiller samples (table 2).
Frouzandeh Shahraki and Khajepour (2005) reported in their survey on effects of land preparation
on sunflower and barely growth in hybrid cultivation a significant difference regarding seed yield
and harvest index. Least tillage index regarding measured characteristics resulted in minimum
yield. According to the results from the survey, subsoiler + disk plough obtains slightly better
results for collection wastes in comparison with other cases for sunflower bed in sunflower-barely
hybrid cultivation. No significant difference was observed between the samples under
consideration. In addition, reciprocal effect of tillage methods and wheat were not significant.
However, variety Reyhan with 43.1% resulted in higher index in comparison to Nosrate with
41.9%.
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Tablel. Analysis Variance of agronomical characteristic

Germination Yield Harvest index
S.0.V DF %) (ke/h) %)

Replication 2 75.29 17114.54 51.71

Factor A 3 27.37* 6685.39** 66.69*

Error(a) 6 58.95 19900.93 27.80

Factor B 1 18.37ns 82968.17* 28.30ns

AB 3 7.81ns 52896.28** 125.29%*
Error(b) 8 5.456 11914 3.96
CV (%) - 8.35 13.8 7.65

Ns,*,**: Non- significant and significant at in 0.05 and 0.01 level of probability respectively.

Table2. Means comparison of agronomical characteristic

S.0.V Germination (%) (k?}id Harvest index (%)

Factor A - - -

T1 82.10 ab 4197 b 43 b

T2 80.17 b 3964 b 40.6 b

T3 83.67 ab 4071 b 40.7 b

T4 8597 a 4774 a 46.7 a
Factor B - - -

N1 8191 a 4410 a 43.1 a

N2 83.67 a 4092.8 b 419 a

Means with the same letter in each column have not statistically significant difference.
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Abstract

Effects of rice husk application (RH) and barley planting (P) on some soil physical and chemical properties
were investigated in three different textural soils (clay, loam and sand). The study was conducted in a
factorial experimental design with three treatments (control, RH and RHP) using three different soils. After
5% of RH on dry weight bases was applied into six pots of each soil, barley was sown into three pots of each
soil sample. All soils including control treatments were incubated together for 6 months under greenhouse
conditions without fertilization. Moisture contents in the pots were kept around field capacity with adding
distilled water after weighing pots in 2 days interval. While the highest mean AS (46.75%), EC (0.612 dS m’
" and OC (1.378 %) content were determined in clay textured soil, the highest mean BD (1.413 g cm™), Ks
(17.97 cm h-1) and pH (8.57) values were obtained in sand textured soil. Generally, AS, Ks values and OC
contents of the soils significantly increased with rice husk application alone (RH) and with barley planting
(RHP) when compared with the control treatments. EC values in clay soil significantly decreased with RH
and RHP treatments while EC values in loam and sand textured soils increased with these treatments. While
RH application was the most effective treatment on BD and Ks in clay, and OC content in sand textured
soils, RHP application was the most effective one on AS in loam and OC content in sand textured soils. The
results indicated that RH and RHP applications influenced the physicochemical properties of soils in different
levels according to their textural classes.

Keywords: Plant growth, rice husk, soil texture, soil properties

Introduction

Soil is one of the most valuable natural resources in the world. More land, especially marginal
lands, has been brought under cultivation. This kind of land is particularly wvulnerable to
degradation by the processes such as; erosion, depletion of organic matter and nutrients, pollution,
waterlogging and salination. The proper management system for the degraded soil in physical
manner generally includes improvement of the soil structure, control of infiltration and
evaporation, regulation of soil temperature and prevention of erosion (Hillel, 2004). It is known
that intensive agricultural practices cause soil structural degradation. One of the most important
factors for bad soil characteristic is organic matter deficiency in soils. Addition of organic matter to
soils is important to solve this kind of problems. Organic matter generally affects soils physical,
chemical and biological properties positively (Flaig et al., 1977).

Cropping system has an important role in soil physical properties due to improving soil structure
through several mechanisms such as aggregate enrichment by fine roots and associated fungal
hyphae (Tisdall and Oades, 1979; Angers, 1998). Many studies have shown that the potential value
of grass in cropping systems has a positive impact on improvement or maintenance of soil structure
(Tisdall and Oades, 1979; Stone and Buttery, 1989; Giilser 2006). Natural-wastes used as organic
fertilizer are important to increase soil productivity and nutrition values and to improve soil
physical, chemical and biological activities (Johnson, 1986; Candemir and Giilser, 2007). The
objective of this study was to evaluate the effect of rice husk application and barley growth on
some properties of different textured soils.

Material and Methods

Soils used in this study were taken from Kavak, Bafra and Derekody districts of Samsun. Some
properties of the samples are given in Table 1. Rice husk as an organic matter source was supplied
from a private factory in Terme, and grounded by 1 mm size. Rice husk had 46.97% organic C,
0.38% N by dry weight basis and 126.6 C:N ratio. Soil samples were air dried and sieved through a
sieve with 2 mm size opening. After adding the soil samples into pots, a rate of 5% (w:w) rice husk
as a dry weight base was incorporated in each pot and mixed homogeneously. Experiment was
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conducted in 3 treatments (control (C), rice husk (RH) and rice husk + planting (RHP)) with three
replicates. After two months incubation, barley was sown in half number of the pots. All treatments
were incubated at field capacity under greenhouse conditions 6 more months. Some soil properties
were determined as follows; soil texture by Bouyoucos Hydrometer method, bulk density (BD) in
each pot by sampling cylinders (Blake, 1965), organic matter (OM) contents by modified Walkley-
Black method (Kacar, 1994), water-stable aggregate (AS), by wet sieving method (Kemper and
Rosenau, 1986), soil reaction (pH) and electrical conductivity (EC ,sec) values in 1:1 (w:v)
soil:water suspension by potentiometer and condactivimeter (Bayrakli, 1987).

Table 1. Some properties of the soils used in this study.

Soil Properties Kavak (Clay soil) Bafra (Loamy soil) Derekoy (Sandy soil)
Sand, % 22.08 48.31 89.88

Loam, % 26.29 34.29 3.02

Clay, % 51.63 17.40 7.10
Texture Class C L S

pH (1:1) 8.12 8.25 8.60
Organic matter, % 1.46 1.13 0.20

ECys’c, dS m’ 0.52 0.32 0.19

Variance analysis of the experimental data was carried out in a factorial experimental design with
and without planting on 3 treatments (control, RH and RH+P) with 3 replicates. Pairs of mean
values were compared by least significant difference (LSD) and relations between the properties
expressed by corelation factors (Yurtsever, 1984).

Results and Discussion

At the end of the experiment; effects of the treatments on some soil chemical (soil reaction (pH),
electrical conductivity (EC) and organic carbon (OC) values) and physical properties (aggregate
stability (AS), saturated hydraulic conductivity (Ks) and bulk density (BD) values) are given in
Table 2 and Table 3, respectively.

Table 2. Effects of rice husk application and barley planting on soil chemical properties.

Soil pH EC,dSm’ 0C, %

Texture C RH RHP | mean C RH RHP mean C RH RHP | mean
Clay 8,38 8,30 8,28 8,32¢ 0,771 0,568 0,498 0,612a 0,81 1,71 1,62 1,38a
Loam 8,65 8,40 8,40 8,48b 0,448 0,474 0,483 0,468b 0,56 1,54 1,60 1,23b
Sand 8,80 8,50 8,40 8,57a 0,246 0,298 0,339 0,294¢ 0,05 0,67 0,55 0,42¢
mean 8,6la 8,40b 8.36¢c 0,488a 0,446b  0,440b 0,47b 1,30a 1,26a
LSD 0,028%** 0,048** 0,033** 0,057** 0,065** 0,112**

Table 3. Effects of rice husk application and barley planting on soil physical properties.

Soil AS, % Ks, cm h! BD, g em

Texture | ¢ RH RHP | mean | C RH RHP | mean | C RH RHP | mean

Clay 25,87 65,67 48,72 | 46,75a 0,16 14,60 2,49 5,75b 1,29 0,98 1,15 1,14c

Loam 3,99 26,73 30,62 20,45b 1,80 4,09 7,22 4,37b 1,34 1,19 1,14 | 1,23b

Sand 4,47 13,06 12,21 9,91¢c 11,06 20,77 22,08 | 17,97a 1,50 1,34 1,40 | 1,4la
mean 11,44c  35,16a 30};52 4,34b  13,15a 10;60 1,38a  1,17¢ 1’53

0,066
LSD 2,203%* 3,816%* 5,965%* 7,545% 0,038%* s

The rice husk treatment and planting significantly increased the organic matter content values of
the soils when compared with the controls (Table 2). There was a significant difference among the
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OC contents of C, L and S textured soils. While the lowest OC (0.05%) was determined in the
control of sandy soil, the highest OC (1.71%) was determined in clay soil with RH treatment
(Figure 1A). Numerous studies reported that soils organic matter contents increased with the
application of different type and amount of organic residues. (Doran and Smith, 1987; I¢ and
Giilser, 2008; Candemir and Giilser 2011).

The highest pH value (8.80) was determined in sandy soil with control treatment, the lowest value
(8.28) was determined in clay soil with RHP treatment (Figure 2). The most significant decrease in
pH value according to the control was determined in sandy soil with RHP as 4.47% (Figure 1B).
Tang and Yu (1999) reproted that the magnitude in pH changes depends on initial soil pH, organic
anion concentration and decomposition degree of residue.

The highest EC value (0.771 dS m™) was determined in control treatment of clay soil, the lowest
value (0.246 dS m™) was determined in control treatment of sandy soil (Figure 2A). In numerous
studies, it was reported that organic waste and compost applications into soil increase EC values of
soils (Eignberg et al.,2002; Wang and Yang, 2003). Candemir and Giilser (2011) reported that
addition of different agricultural residues in to clay and loamy sand textured soils decreased soil
pH, bulk density and increased organic carbon, EC, and AS values of the soils according to the
control treatments.
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Figure 1. Effects of rice husk (RH) application and barley planting (RHP) on A) organic carbon content and
B) soil reaction (pH) of the different textured soils.
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Figure 2. Effects of rice husk (RH) application and barley planting (RHP) on A) electrical conductivity (EC)
and B) bulk density (BD) of the different textured soils.
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The lowest BD value (0.98 gr cm™) was determined in clay soil with RH treatment (RH), the
highest BD value (1.50 gr cm™) was in sandy soil with control treatment (Figure 2B). The highest
decrease (24%) in BD according to the control was determined in clay soil with RH application.
Soil dry bulk density is often used in soil quality studies as an index of the soil’s mechanical
resistance to root growth (Reynolds et al., 2003; Drewry, 2006). The lower porosity provides poor
aeration, which often is associated with reduced plant growth and may be related to soil borne plant
diseases (Miller and Donahue 1995).

Aggregate stability in clay soil was significantly higher than the other soils. The highest AS value
(65.67%) was determined in clay soil with RH treatment, the lowest value (3.99%) was in the
control treatment of loamy soil (Figure 3A). AS values in clay, loam and sand textured soils
significantly increased according to the control treatments with RH application as 153.8%, 569.9%
and 192.2%, and with RHP application as 88.3%, 667.4% and 173.1%, respectively. Planting
treatment in all soil samples decreased AS values compared with RH application alone. Soil
aggregation is important for the resistance of soil surface to erosion and it influences the ability of
soils to remain productive (Pinheiro et al., 2004). In a field experiment, Giilser (2006) reported that
the growth of forage crops increased macroaggregate size and stability of clay soil, and decreased
bulk density compared to a fallow control.
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Figure 3. Effects of rice husk (RH) application and barley planting (RHP) on A) aggregate stability (AS) and
B) saturated hydraulic conductivity (Ks) of the different textured soils.

RH treatments significantly increased the Ks values in clay and sand textured soils. The highest Ks
value (22.08 cm h™') was determined in sand textured soil with RHP, the lowest (0.16 cm h™) value
was determined in clay soil with control treatment (Figure 3B). The highest increment in Ks was
determined in RH treatment in clay soil. In a complex effect on soil hydraulic conditions, OM not
only improve hydraulic conductivity by creating larger soil porosity, but also reduces that by
retaining water, allowing less water to flow freely. Organic matter may also affect the pore size
distribution of the soil through soil structure development, which also influences hydraulic
conductivity (Vishkaii et al, 2010). Additional higher organic material in the soil structural
stability, reduce aggregate slaking and dispersion and cause increase in the Ks ( Lado et al., 2004).
As a result, this study clearly indicated that rice husk application and barley growth in different
textured soils improved the soil physical properties. The increases in aggregate stability, hydraulic
conductivity, organic carbon content and decrease in soil bulk density, pH and electrical
conductivity values were favourably associated with barley root growth and porosity conditions.
The results of the study indicate that the treatments of rice husk and planting sustain a better soil
physical health and have a good effect on reducing soil degradation.
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Abstract

Various heavy metals have been reported as dangerous agents to the human health and wildlife when they
occur in the environment at high concentrations. The environmental exposure to heavy metals is a well-
known risk factor for cancer. Cadmium and lead compounds are classified as human carcinogens by several
regulatory agencies. Gastrointestinal cancers (GI Ca) are common malignancies all over the world. Twenty
five percent of all cancer-related deaths are attributed to GI Ca. We investigated the levels of two different
heavy metals (Cd, Pb) in the soils of the Lenjanat region in Isfahan province, Central Iran where intensive
agriculture surrounded by different industries like steel and cement making factories and mining. According
to database, many people suffered from gastrointestinal cancers in this region. Two hundred topsoil samples
(020 cm depth) were collected from agricultural and non-agricultural soils of the region and analyzed for
heavy metals. Results showed that the amount of heavy metals decreased with increasing the distance from
the factories. The concentration of Pb and Cd was more than 5 and 0.5 mg kg ', respectively. The total Cd
concentration in most of the samples exceeded the suggested Swiss thresholds (0.8 mg kg™"). It seems that
aerosols originated from industries and mining activities are the main sources for heavy metals in the
agricultural soils of the area. Thus, analyzing heavy metals content in dust could provide us a better insight to
solve the problem.

Keywords:Heavy metals, Gastrointestinal cancers, Soil pollution.

Introduction

Human health in towns and cities is strongly dependent on the status of urban soils (Simpson,
1996). In urban and industrial areas, chemical pollution sources are numerous (Madrid et al., 2002;
Imperato et al., 2003). Diffuse metal contamination of soils is caused mainly by atmospheric fallout
from various sources, the most important being industrial and traffic emissions (Martley et al.,
2004; Moller et al., 2005;Rodriguez Martin et al., 2006).

Metal contamination has been shown to reach significantly higher concentrations in urbanized
landscapes than in agricultural areas (Imperato et al., 2003;Ordonez et al., 2003), especially in
industrial sites (Sterckemanet al., 2000). Direct inputs are other important sources of soil
contamination. They mostly come from agricultural activities like sewage sludge or fertilizer
spreading (Romic and Romic, 2003). Elevated soil metal concentrations are a serious and current
concern for governmental and regulatory bodies for environmental and human risk assessment
(Sanchez-Martin et al., 2000; Lee et al., 2006).

Heavy metals such as cadmium and lead present a risk for human health because they are
nondegradable pollutants, having a large spectrum of effects (e.g., nervous or digestive system
disturbances and carcinogenic effects), especially for young children who are more sensitive than
adults (Li et al., 2004).Cadmium is a highly toxic and carcinogenic metal used in metal plating,
nickel-cadmium batteries, plastic stabilizers, and pesticides. It can enter the soil by different
pathways including atmospheric deposition, and agricultural management activities. Globally, a
huge amount of this metal enters the soil due to human activities (Tiller et al., 1999). It is most
toxic in its free (ionic) form which easily dissolves and moves through water, threatening
groundwater supplies (Vairavamurthy et al., 2000).

The average concentration of Pb in the soils around the world is about 29.2 mg kg with the range
of <1 to 888 mg kg (Ure and Berrow, 1982). Lead is toxic to humans, especially to young
children, and to animals. Plant uptake of Pb is very limited. Therefore, soil containing Pb would
need to be ingested in order for substantial exposure to occur. Thus the primary route of Pb
exposure to humans or animals from soil is by direct ingestion of soil particles or fertilizer rather
than via food chain transfer.
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Cancer is a serious health problem worldwide, imposing a large economical and psychological
burden as well as loss of life and productivity. Cancer is the third most common cause of death in
Iran, accounting for 14% of the total death toll.

As both of the cadmium and lead are carcinogenic metal and Gastrointestinal cancers (GI Ca) are
common in Isfahan, in this study we investigated the heavy metal levels in urban soils of Isfahan,
central Iran.

Materials and Methods

Study Area

The research included 150 km® of agricultural top soils of urban and suburban areas of the Lenjanat
and Falavarjan regions in Isfahan province. The area located between 51°14" 29" to
51°33'15"1longitudes and 3222'50 to 32°37'30" latitudes. Isfahan is an industrial city in central
Iran(Figure 1) in which intensive agriculture surrounded by different industries like steel and
cement making factories and lead mining. The soils of this region are Aridisoils. The average
annual rainfall and temperature of the region are 150 mm and 15.5°C, respectively.
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Fig. 1. Location of the study area in Central Iran

Soil Sampling

At each region, soils were randomly sampled from the upper horizon (0-20 cm) and bulked
together to form a composite sample. Two hundred topsoil samples were collected and transported
to the laboratory.

Chemical Analysis

Soil samples were air-dried and sieved through a <2 mm mesh. Sub-samples were used to measure
the physico-chemical properties according to standard procedures. Electrical conductivity and pH
of the soil samples were measured in a 1:2 soil to water ratio suspension. Soil texture was
determined using hydrometer method. The organic carbon was determined using Walkley and
Black’s method (Allison, 1986).

For determination of Cd and Lead, 1 gr of the dried samples were digested with 15mL of 4 M
HNO3 at 80 ™ until a transparent solution was obtained (Allen et al., 1986). The solution was then
filtered through Whatman No. 42 filter paper and the solution was diluted to 50mL with distilled
water. The metal contents of these solutions were determined by flame atomic absorption
spectrometry (FAAS).
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Statistical Analysis
Descriptive statistics variables including mean, variance, maximum, minimum, coefficient of
variation (CV), skewness and kurtosis were calculated using STATISTICA 6.0 software.

Results and Discussions

The summary statistics of the soil properties are given in Table 1. In table 2 descriptive statistics
for Heavy metal (Cd and Pb) concentrations in soil was presented. The frequency histograms of the
data are shown in Fig. 2.The concentration of Cd showed a nearly normal distribution whereas
concentration of Pb had a positive skewed distribution.

Among parameters, coefficient of variability (CV) is the most discriminating factors for describing
variability. When CV is less than 10%, it shows low variability; while CV is more than 90%, it
shows extensive variability (Zhang et al, 2007). The results in Tables 1 and 2 showed that the CVs
of soil Cd and Pb were 44.81%, and 98.37% respectively; indicating soil Pb had high variability in
the study area. The CV of Cd in this study indicating moderate variability.

There is no universally accepted safe level for assessing the state of Cd pollution in soils.
Therefore, different levels are used in different countries (Kabata-Pendias and Pendias, 2001).In
this study, the Environmental standards based on Swiss Federal Office of Environmental, Forest
and Landscape were used for the threshold values of heavy metal pollution in the soil (VBBo).

In Table 2, the mean value of Cd concentration in soil was higher than the threshold of 0.8 mg
kg 'set by VBBo (FOEFL, 1998) and also the maximum allowable limit (1 mg kg™") set by United
Kingdom (Kabata-Pendias and Pendias, 2001), but the mean value of Pb concentration in soil was
less than the threshold of 50 mg kg™’ set by VBBo (FOEFL, 1998).Total concentrations of Cd in
80% of soil samples is more than 0.8 mg kg 'and more than 1 mg kg 'in 70% of the samples.
Nearly 8% of data points have more than 2 mg kg~' Cd and more than 1% of samples have the Cd
concentration higher than3 mg kg™'. Total soil Pb content ranged between 1.8 and 115.75 mg kg™,
with a mean value of 16.02 mg kg™'. Nearly 5% of total Pb in soil samples is more than the
threshold of 50 mg kg .

Table 1. Summary statistics of soil properties

Property Sample number Mean Minimum Maximum Variance Std.Dev. CV% Skewness

%Clay 200 39.67 13.28 62.00 122.80 1108 o 031
%Silt 200 33.24 10.00 54.00 52.12 721 b1l 0.14
9%Sand 200 27.07 472 68.72 177.42 13.32 192 0.83
94CaCOs 200 38.57 18.00 74.00 63.99 7.99 2071 0.60
%0 M. 200 226 0.42 431 0.55 0.74 3274 0.38
pH 200 7.48 6.85 7.95 0.04 0.22 2.96 2026

Table 2.Descriptive statistics of heavy metal concentration in soil.

Sample Mean Min. Max. Variance Std.Dev CV% Skewness T}l resh(jl
Element d*(mgkg™)
number
Cd 200 1.27 0.18 3.12 0.33 0.5 44.81 0.72 0.8
-1
(mgkg™)
Pb . 200 16.02 1.8 115.75 248.44 15.76 98.37 3.73 50
(mgkg™)

* Environmental standards in the ordinance of Swiss Federal Office of Environmental, Forest and Landscape.
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Fig.2.Distribution of total concentration of Cd (a) and Pb (b).

Compared to the threshold values for heavy metals (Cd and Pb) pollution in soils, this investigation
(Table 2) indicated that both the studied fields were contaminated especially by Cd. Similar results
were also found in the previous studies in china (Liu et al., 2005).

The accumulation of Cd in fields may partly be due to the application of agrochemicals. For
example some of the agrichemicals such as fertilizers contain Cd and Pb, which are 0.0005-0.5,
0.0008-0.93 mgkg™, respectively (Wang and Ma, 2004). Therefore, the long-term application of
agrichemicals may result in the accumulation of heavy metals in soils so that heavy metal
concentrations in most soils exceeded the threshold values (Table 1). Particularly, the average
concentration of Cd was twice the threshold value. Alloway (1990) cites Cd deposition in the EU in
urban areas of 3.9-29.6 gha' year ', and in rural areas of 2.6-19 g ha' year '.One of the other
main sources of Cd emissions into the environment was active different industries like steel and
cement making factories and mining in the study area.

Automobile emissions are probably the major source of the elevated Pb content in Isfahan urban
soils. Highest Pb concentrations were detected in soil samples collected from the border of the city
motorway and also from streets areas with high traffic flows (Bargagli, 1998).

In conclusion, high heavy metals content in the soils seems to play important etiological role in the
carcinogenesis, Analyzing heavy metals contents in plant, water and dust of the region could
provide us a better insight to solve the problem.
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Abstract: Nowadays, economic and environmental problems caused by immethodical consumption of
chemical fertilizers have caused that trying to biofertilizers production was one of the most important and
practical objects of research backgrounds in scientific studies. Azospirillum is one of the plant growth-
promoting bacteria that has been found in the rhizosphere and the intercellular of the cereals and other plant
roots. Releasing the nutrients in soil and also increasing the yield of crops considered as some of the
beneficial characteristics of this bacterium. So, a research with the purpose of observation the effect of four
superior isolates of Azospirillum was carried out on the growth parameters of canola (Hayola 401 variety)
under growth chamber conditions, in two fertilizer levels (50% and 100%) in randomized complete block
design with three replications and two harvest stages. the effect of bacterial treatments on shoot dry weight,
was significant (p<0.05) in first harvest, but not significant on the growth parameters in second harvest. The
effect of fertilizer levels treatments was significant on shoot dry weight, and root volume in first harvest
(p<0.05) and also significant on shoot dry weight, root volume, and root dry weight, in second harvest
(p<0.05, p<0.01, and p<0.05, respectively).

Keywords: Azospirillum spp., Growth parameters, Canola.

Introduction

Canola is a plant which is cultivable in all climates and seasons. As more than 130,000 hectares of
the lands of Iran and about 33,000 hectares of the lands of Golestan province have been allocated to
cultivate of canola for oil production (Anonymous, 2008). Organic agriculture is based on
protecting the ecological balance and strengthening the biological processes by desirable extent
(Gholinezhad et al., 2006). In recent decades, sustainable farming systems, conservation of
terrestrial organisms community and trying to use of the biological solutions for plant nutrition and
providing the health of community have been considered (Saleh Rastin, 2001). PGPR' has some
positive effects on increasing the efficiency of fertilizer and water usage and ultimately on the
crops yield through different mechanisms. This group of terrestrial organisms can play an
important role in providing some elements (especially nitrogen) and releasing other elements (such
as phosphorus and iron both in soluble and insoluble forms). Azospirillum is one of the PGPRs that
has been observed in the rhizosphere and the intercellular of the cereals and other plant roots.
Nitrogen fixation, plant growth-promoting hormones production, increasing the insoluble-
phosphates solubility, siderophores production, improving the water and nutrients uptake,
decreasing the ethylene concentration, and ultimately increasing the crops yield considered as some
of the beneficial characteristics of this bacterium (Dobereiner and Day, 1976). Plants inoculation
with Azospirillum is also affective on most of the growth parameters and shoots in addition to root
parameters. These changes directly depend on positive effect of Azospirillum on increasing some
ions uptake such as NO; [« NH,” .PO,0°® .K' .Rb" .Fe™ and they are the main reason of
increasing the shoots dry weight (Lin et al., 1983; Jain and Patriquin, 1985; Marty and Ladha,
1987).

Materials and Methods
In this research 38 samples of soils and canola roots were used to Azospirillum isolation from the
different regions of Golestan province. Primary experiments of genus identification, then

! Plant Growth-Promoting Rhizobacteria
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complimentary experiments of species identification (Tarrand et al., 1978) and also growth-
promoting experiments including insoluble-phosphorus solubilizing ability (Arzanesh, 2008;
Rajabzadeh, 2009), growth hormone production ability (Bric et al., 1991), and nitrogen fixation
ability (Turner and Gibson, 1980) performed on Azospirillum isolates. Finally, the effect of 4
superior isolates of Azospirillum with control (uninoculated) was carried out on the growth
parameters of canola (Hayola 401 variety) under growth chamber conditions, in two fertilizer levels
(50% and 100%) in randomized complete block design with three replications and two harvest
stages. So, the suitable inoculum of each isolate (with average population of 2 x 10® cfu/ml) was
prepared (Vincent, 1970) and inoculated to disinfected canola seeds by 1% sodium hyperchloride
solution (Lifshtiz et al., 1987). As the average of bacterial population was 2 x 10 cfu/mg
inoculated seeds. After 45 hours, 20 germinated seeds of canola were cultivated in each pot with
volume of 10 kg/pot including the mixture of soil and sandstorm (in ratio 8 to 2). Fertilizing was
performed based on soil test, before cultivating. So, super phosphate, potassium sulfate, and urea
were solved in irrigation water (up to field capacity) and used for 50% and 100% fertilizer
treatments (Morshedi et al., 2000). The pots were kept in growth chamber where the light and
darkness periods were considered 14.5 and 9.5 hours, respectively. The harvests were performed in
2 stages of 47 days (6-8 foliar) and 103 days (16-19 foliar) after cultivating date. The number of
seedlings was brought to six seedlings in each pot before each stage of harvest. In each stage of
harvest, seedlings' shoots were sheared from soil surface in each pot. Then, some parameters such
as shoot height, root volume, shoot dry weight, and root dry weight were measured in each
treatment and replication (Emami, 1996).

Results

Fifty eight Azospirillum isolates were isolated from 38 samples of soils and canola roots from the
different regions of Golestan province, Iran. Mentioned isolates based on complementary
experiments involving growing on NFb' medium with 3 percent sodium chloride, the required
biotin and the ability of using glucose were separated into 3 related species of 4. brasilense, A.
irakense, and A. lipoferum (Tarrand et al., 1978; Krieg and Dobereiner, 1986) (Table 1).

Table 1. Related species and the results of growth-promoting experiments on 4 superior isolates of

Azospirillum
Isolate No. Related species Nitrogen fixation Phosphate Auxin production
(nmol ethylene/ml.h) solubility (mg/l) (mg/1)
AC34-1II (By) A. irakense 0 30.68 1.717
AC39-1(B,) A. brasilense 0 0 29.297
AC43-11I (B3) A. irakense 0 0 39.799
AC49-VII (By) A. irakense 60.64 19.19 9.251

Variance analysis of the effects of fertilizer, bacterial, and both interaction in first harvest on
growth parameters of canola (Table 2) showed that effect of fertilizer treatments was significant
(p<0.05) on shoot dry weight and root volume. Effect of bacterial treatments was significant
(p<0.05) on shoot dry weight. Also, effect of bacterial and fertilizer interaction was not significant
on any growth parameters.

Table 2. The results of variance analysis of effect of treatments on some growth parameters of canola in first
harvest.

S.V Df Mean of squares
Shoot height Shoot dry weight Root volume Root dry weight

(cm/pot) (gr/pot) (cm’/pot) (g/pot)
Replication 2 3.85™ 0.04" 136" 0.014™
Fertilizer (F) 1 1.24™ 0.06" 0.53" 0.000™
Bacterium (B) 4 2.64™ 0.02° 0.08™ 0.004™
BxF 4 1.79™ 0.01™ 0.06™ 0.004™
Error 18 1.12 0.01 0.08 0.002
C.vV 6.996 14.854 52.413 29.7

FRE

, ,and™: Significant at 5%, 1% probability level and no significant, respectively.

! Nitrogen Free Blue (NFb)
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Results of variance analysis of the effects of fertilizer, bacterial and both interaction in second
harvest on growth parameters of canola (Table 3) showed that the effect of fertilizer treatments was
significant (p<<0.01) on root volume and also was significant (p<0.05) on shoot and root dry weight.
Effects of bacterial inoculation and bacterial and fertilizer interaction were not significant on any
growth parameters.

Table 3. The results of variance analysis of effect of treatments on some growth parameters of canola in
second harvest.

S.v df Mean of squares
Shoot height Shoot dry weight Root volume Root dry weight

(cm/pot) (gr/pot) (cm®/pot) (g/pot)
Replication 2 2.7 2,107 6.67 0.09™
Fertilizer (F) 1 52m 1417 19.2" 0.16"
Bacterium (B) 4 10.2™ 0.37™ 0.67™ 0.02™
BxF 4 3.8™ 0.33" 0.24™ 0.02"
Error 18 3.9 0.3 1.02 0.03
C.vV 6.12 14.31 17.05 23.87

FRE

, ,and™: Significant at 5%, 1% probability level and no significant, respectively.

Results of mean comparison of the different levels of fertilizers on growth parameters of canola in
first harvest (Table 4) showed that there was significant difference between fertilizer treatments of
100% and 50% in shoot dry weight and root volume and also amounts of shoot dry weight and root
density decreased with reducing the amount of fertilizer. Also, results of mean comparison of the
effect of Azospirillum indigenous isolates inoculation on growth parameters showed that there was
not significant difference between isolates, but this effect was often statistically significant
compared to the control.

Table 4. Mean comparison of effect of treatments on some growth parameters of canola in first harvest.

Treatment Shoot height Shoot dry weight Root volume Root dry weight
(cm/pot) (gr/pot) (cm3/p0t) (g/pot)
Fertilizer level of 100% (F;) 14.889° 0.622° 0.683 7 0.144°
Fertilizer level of 50% (F,) 15.295% 0.533° 0.417° 0.147°
LSD (¢=0.05) 0.81 0.066 0.221 0.033
B, (control) 13.945° 0.468° 0.521° 0.117°
B; (AC34-I1I) 15.153 0.578 * 0.5° 0.152 %
B, (AC39-I) 15.305° 0.607* 0.5° 0.185°
B; (AC43-I1I) 15.612° 0.627% 0.75° 0.152%
B, (AC49-VII) 15.447° 0.608 * 0.479° 0.122°
LSD (0=0.05) 1.281 0.104 0.35 0.052

Values within same column followed by the same letter(s) are not significantly different.

Results of mean comparison of treatments in the second harvest (Table 5) showed that amounts of
shoot dry weight, root volume and dry weight decreased with reducing the fertilizer treatment from
100% to 50%.

Table 5. Mean comparison of effect of treatments on some growth parameters of canola in second harvest.

Treatment Shoot height Shoot dry weight Root volume Root dry weight
(cm/pot) (gr/pot) (ecm*/pot) (g/pot)
Fertilizer levels of 100% (F;) 32.688 * 3.982° 6.72° 0.773 ¢
Fertilizer levels of 50% (F) 31.856° 3.55° 5.12° 0.626°
LSD (0=0.05) 1.514 0.413 0.774 0.128
B, (control) 3336 ™ 3.642° 54° 0.638 *
B; (AC34-I1I) 32.48 % 3.834° 6.2° 0.694 *
B, (AC39-1) 30.82 ¢ 3.398 ¢ 58° 0.65°?
B; (AC43-111) 33.66° 3.946° 6° 0.728
B, (AC49-VII) 31.04 % 4.01° 6.2° 0.788
LSD (0=0.05) 2.394 0.654 1.224 0.203
Values within same column followed by the same letter(s) are not significantly different.
Discussion

Produced phytohormones by Azospirillum are effective on respiration rate, metabolism, growth and
development of root, so they increase water and nutrients uptake in inoculated plants (Holguin et
al., 1999). Bashan et al. (2004) expressed that increasing the efficiency of nutrients uptake through
plants was probably due to increase of root surface adsorption as the result of inoculation with
growth hormones-producing bacteria such as Azospirillum. In fact Azospirillum causes to stimulate
root branching, increase shoot and root biomass, induce the reproductive cycle by production of
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plant hormones and causes to increase biomass and nutrient uptake by increasing root permeability
(Bashan and de-Bashan, 2005).
The results of this research expressed that effect of Azospirillum isolates inoculation was more
important in primary stages of plant growth. So, in related experiments of the effect of Azospirillum
on plant growth parameters, the first time was proposed.
Results of mean comparison of the effect of Azospirillum indigenous isolates inoculation (table 4)
showed that effect of each isolate was significant on shoot height and dry weight compared to the
control. So, effect of phosphate solubilizing, auxin-producing and N,-fixing isolates can be
assessed, positively. But, in second harvest none of the isolates are significantly different compared
to the control (table 5). In some cases, Azospirillum does not have any affect on the yield and dry
material (Bashan and Holguin, 1997; Bashan et al., 2004)
Also, the amounts of biological function in first harvest in each bacterial treatment of By, B,, Bs,
and B, was 23.5%, 29.7%, 33.97%, and 29.92%, respectively that had increased compared to the
control (By). Therefore, the growth hormone-producing bacterium had more yield increase than
other isolates compared to the control. This afair might be because of becoming the roots mass
more capillary and thinner or in other words it might be due to increase of root hairs density which
probability the reason is because of producing more auxin in this bacterium. Also, in second
harvest the most amount of biological function was related to bacterial treatment of B, with the
amount of 10.10%. So, N,-fixing bacterium had the most increase of the biological function
compared to the control.

In the case of increasing the yield of inoculated plants with Azospirillum, various amounts have

been cited, but increase of the yield of inoculated plants in recent usual agriculture has been more

than 20%, moderately (Rao et al., 1983; Kapulnik et al., 1987; Kapulnik, 1991; Bashan, 1990).

Increasing nutrients uptake in treatment of phosphate solubilizing bacteria can be due to increase of

the available elements (Marty and Ladha, 1987; Lin et al., 1983). This increase can probably be due

to the effect of phosphate solubilizing bacteria as Azospirillum on increasing root dry weight and

consequently, increasing nutrients uptake (Bashan et al., 2004).

Experiments of Biari et al. (2008) on growth stimulation and increasing the nutrients uptake of

maize (Zea mays L.) by application of plant growth-promoting rhizobacteria (4zospirillum and

Azotobacter strains) in Iran's arid area showed that treating with PGPR(s) significantly increased

plant height, shoot and seed dry weight, and number of seeds per row.

Rajabzadeh (2009) surveyed the effect of isolated Azospirillum indigenous isolates from rice

rhizosphere in different regions of Golestan province, on yield of two cultivars of rice (Neda and

Hashemi) in two fertilizer levels under greenhouse conditions. Results showed significant increase

(p<0.05) in seed yield, number of seed per pot, shoot fresh weight, shoot dry weight, root fresh

weight, root dry weight and root density in inoculated treatments compared to the control.

In fact, plant inoculation with Azospirillum caused to increase shoots growth and plant height, in

addition to affect on roots growth. Even as the result of inoculation, the ratio of shoots to roots

increased. Also, the reaction of shoots growth was more than roots growth (Bashan and Dubrovsky,

1996)
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Abstract: In recent decades, economic and environmental problems caused by immethodical consumption
of chemical fertilizers have caused to accomplish the special attention and studies on biofertilizers.
Azospirillum is one of the plant growth-promoting bacteria that can accelerate to release and elements cycle
in soil and at last on the yield of crops. The purpose of performing this research was to survey the effect of
inoculated canola seeds by Azospirillum on the amount of nutrients uptake (N, P, and K) in canola.
Therefore, the effect of four superior isolates of Azospirillum was carried out on canola (Hayola 401 variety)
under growth chamber conditions, in two fertilizer levels (50% and 100%) based on soil test in randomized
complete block design with three replications and two harvest stages. The effect of bacterial treatments on
potassium and nitrogen uptake was significant (p<0.05) in first harvest, but not significant on researched
parameters in second harvest. The effect of fertilizer levels treatments was significant on amount of plant
nutrients uptake in first harvest (p<0.01) and also on plant potassium and nitrogen uptake in second harvest
(p<0.01 and p<0.05, respectively).

Keywords: Azospirillum spp., Growth parameters, Canola.

Introduction

Oilseeds are considered as a secondary source of energy in human nutrition after cereals. On the
other hand, the meal of canola is used as an important protein-rich food for cattle, poultry and
marines (Shahidi and Furouzan, 1997). Canola has attracted the attention in Iran especially in
Gorgan province, in recent years. As more than 130,000 hectares of the lands of Iran and about
33,000 hectares of the lands of Golestan province have been allocated to cultivate of canola for oil
production (Anonymous, 2008). In recent decades, economic and environmental problems which
are caused by immethodical consumption of chemical fertilizers and consider to various inherent
capabilities of terrestrial organisms specially microorganisms have caused that trying to
biofertilizers production was one of the most important and practical object of research
backgrounds in scientific studies (Saleh Rastin, 2001). Azospirillum is one of the plant growth-
promoting bacteria that has been found in the rhizosphere and the intercellular of the cereals and
other plant roots. Nitrogen fixation, plant growth-promoting hormones production, and
consequently improving the water and nutrients uptake, increasing the insoluble-phosphates
solubility, siderophores and vitamins production, controlling pathogens, synergistic relationship
with other useful soil bacteria, nitrite production, bioremediation of the sewage, and toxic residues
decomposition considered as some of the beneficial characteristics of this bacterium that ultimately
causes to increase the efficiency and yield of crops (Payne et al., 1981; Brock and Madigan, 1991;
Stacey et al.,1992). Produced phytohormones by Azospirillum are effective on respiration rate,
metabolism, growth and development of root, so they increase water and nutrients uptake in
inoculated plants (Holguin et al., 1999). Increasing the efficiency of nutrients uptake through plants
was probably due to increase of root surface adsorption as the result of inoculation with growth
hormones-producing bacteria such as Azospirillum (Bashan et al., 2004).

Materials and Methods

In this research 38 samples of soils and canola roots were used to Azospirillum isolation from the
different regions of Golestan province. Primary experiments of genus identification, then
complimentary experiments of species identification (Tarrand et al., 1978) and also growth-
promoting experiments including insoluble-phosphorus solubilizing ability (Arzanesh, 2008;
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Rajabzadeh, 2009), growth hormone production ability (Bric et al., 1991), and nitrogen fixation
ability (Turner and Gibson, 1980) performed on Azospirillum isolates. Finally, the effect of 4
superior isolates of Azospirillum with control (uninoculated) was carried out on the growth
parameters of canola (Hayola 401 variety) under growth chamber conditions, in two fertilizer levels
(50% and 100%) in randomized complete block design with three replications and two harvest
stages. So, the suitable inoculum of each isolate (with average population of 2 x 10® cfu/ml) was
prepared (Vincent, 1970) and inoculated to disinfected canola seeds by 1% sodium hyperchloride
solution (Lifshtiz et al., 1987). As the average of bacterial population was 2 x 107 cfu/mg
inoculated seeds. After 45 hours, 20 germinated seeds of canola were cultivated in each pot with
volume of 10 kg/pot including the mixture of soil and sandstorm (in ratio 8 to 2). Fertilizing was
performed based on soil test, before cultivating. So, super phosphate, potassium sulfate, and urea
were solved in irrigation water (up to field capacity) and were used for 50% and 100% fertilizer
treatments (Morshedi et al., 2000). The pots were kept in growth chamber where the light and
darkness periods were considered 14.5 and 9.5 hours, respectively. The harvests were performed in
2 stages of 47 days (6-8 foliar) and 103 days (16-19 foliar) after cultivating date. The number of
seedlings was brought to six seedlings in each pot before each stage of harvest. In each stage of
harvest, seedlings' shoots were sheared from soil surface in each pot. Then, some parameters such
as available phosphorus, potassium, and nitrogen of shoot were measured in each treatment and
replication (Emami, 1996).

Results

Fifty eight Azospirillum isolates were isolated from 38 samples of soils and canola roots from the
different regions of Golestan province, Iran. Mentioned isolates based on complementary
experiments involving growing on NFb' medium with 3 percent sodium chloride, the required
biotin and the ability of using glucose were separated into 3 related species of A. brasilense, A.
irakense, and A. lipoferum (Tarrand et al., 1978; Krieg and Dobereiner, 1986) (Table 1).

Table 1. Related species and the results of growth-promoting experiments on 4 superior isolates of

Azospirillum
Isolate No. Related species Nitrogen fixation Phosphate Auxin production
(nmol ethylene/ml.h) solubility (mg/1) (mg/1)
AC34-11I (B)) A. irakense 0 30.68 1.717
AC39-1 (B,) A. brasilense 0 0 29.297
AC43-11I (B5) A. irakense 0 0 39.799
AC49-VII (By) A. irakense 60.64 19.19 9.251

Variance analysis of the effects of fertilizer, bacterial, and both interaction in first harvest on the
amount of nutrients uptake of canola (Table 2) showed that effect of fertilizer treatments was
significant (p<0.01) on phosphorus, potassium, and nitrogen uptake. Effect of bacterial treatments
was significant (p<0.05) on potassium and nitrogen uptake. Also, effect of bacterial and fertilizer
interaction was not significant on any growth parameters.

Table 2. The results of variance analysis of effect of treatments on the amount of nutrients uptake of
canola in first harvest.

S.v Df Mean of squares
Phosphate uptake Potassium uptake Nitrogen uptake

(mg/pot) (mg/pot) (mg/pot)
Replication 2 0.23 112.59" 142.247
Fertilizer (F) 1 1.22% 236.84"" 179.44™
Bacterium (B) 4 0.13™ 93.15" 67.63"
B xF 4 0.08™ 46.61™ 23.89™
Error 18 0.06 22.36 18.6
C.V 14.64 15.33 14.94

FRE

, ,and™: Significant at 5%, 1% probability level and no significant, respectively.

! Nitrogen Free Blue (NFb)
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Results of variance analysis of the effects of fertilizer, bacterial and both interaction in second
harvest on the amount of nutrients uptake of canola (Table 3) showed that the effect of fertilizer
treatments was significant (p<0.01) on potassium uptake and also was significant (p<0.05) on
nitrogen uptake. Effect of bacterial inoculation and bacterial and fertilizer interaction were not
significant on any amount of nutrients uptake.

Table 3. The results of variance analysis of effect of treatments on the amount of nutrients uptake of canola
in second harvest.

S.vV df Mean of squares
Phosphate uptake Potassium uptake Nitrogen uptake

(mg/pot) (mg/pot) (mg/pot)
Replication 2 34537 4081.82° 3631.52
Fertilizer (F) 1 15.97 8212.12" 3656.57"
Bacterium (B) 4 7.86"™ 977.09 ™ 867.08™
B xF 4 0.42"™ 441.36™ 551.82™
Error 18 4.58 697.77 634.18
[AY 16.84 14.51 14.56

FHF

, ,and™: Significant at 5%, 1% probability level and no significant, respectively.

Results of mean comparison of the different levels of fertilizers on amount of nutrients uptake of
canola in first harvest (Table 4) showed that there was significant difference between fertilizer
treatments of 100% and 50% in phosphorus, nitrogen and potassium uptake and also amounts of
nitrogen, phosphorus, and potassium decreased with reducing the amount of fertilizer. Also, results
of mean comparison of the effect of Azospirillum indigenous isolates inoculation on the amount of
nutrients uptake showed that there was not significant difference between isolates, but this effect
was often statistically significant compared to the control.

Table 4. Mean comparison of effect of treatments on the amount of nutrients uptake of canola in first

harvest.
Treatment Phosphate uptake Potassium uptake Nitrogen uptake

(mg/pot) (mg/pot) (mg/pot)
Fertilizer level of 100% (F;) 1.81% 33.66 ° 31.32%
Fertilizer level of 50% (F,) 141° 28.04° 26.42°
LSD (0=0.05) 0.181 3.628 3.308
B, (control) 1.36° 24.1° 23.13°
B, (AC34-11I) 1.62 % 30.88 ° 28.79°
B, (AC39-I) 1.65° 3241° 30.17°
B; (AC43-I1) 1.72° 34.01° 31.43°
B, (AC49-VII) 1.69° 32.87° 30.84 °
LSD (0=0.05) 0.29 5.74 5.23

Values within same column followed by the same letter(s) are not significantly different.

Results of mean comparison of treatments in the second harvest (Table 5) showed that amounts of
phosphate, potassium, and nitrogen uptake decreased with reducing the fertilizer treatment from
100% to 50%.

Table 5. Mean comparison of effect of treatments on the amount of nutrients uptake of canola in second

harvest.
Treatment Phosphate uptake Potassium uptake (mg/pot) Nitrogen uptake

(mg/pot) (mg/pot)
Fertilizer level of 100% (F,) 13.44°? 198.55 % 184.05 %
Fertilizer level of 50% (F,) 11.98° 165.46° 161.97°
LSD (¢=0.05) 1.641 20.264 19.32
By (control) 11.61%® 172.29° 164.89 %
B; (AC34-I1I) 1326 ® 186.88 * 176.2%
B, (AC39-I) 11.39° 165.04° 156.92 %
B; (AC43-1II) 13.28%® 190.95° 180.22°°
B, (AC49-VII) 14 194.86 % 186.83 ¢
LSD (a=0.05) 2.6 32.04 30.55

Values within same column followed by the same letter(s) are not significantly different.
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Discussion

The high pH in most of the soils of Iran has caused deficiency or fixing some of mineral elements
such as phosphorus and potassium. One of the useful ways for increasing the phosphorus
solubilizing and decreasing pH around roots is to use the biological fertilizers or phosphate
solubilizing bacteria. The studies of some researchers showed that Azospirillum has the insoluble-
phosphorus solubilizing ability (Arab, 2006; Arzanesh, 2008; Rajabzadeh, 2009). The most amount
of phosphate uptake of shoot in first harvest pertained to fertilizer level of 100%. Maybe we can
deduce that in primary stages of the growth because of the deficit of phosphorus, the response of
canola to complete fertilizer was positive and afterwards the amount of fertilizer level did not
influence the phosphate uptake, significantly. Increasing nutrients uptake (including NO; [J, NH,",
PO, 1, K', Rb", and Fe™) in phosphate solubilizing bacterial treatment can be due to increase of
the available elements (Marty and Ladha, 1987; Lin et al., 1983). Barber et al. (1976) showed that
rhizobacteria enhanced absorption of phosphate in young seedlings while causing decreases in
older plants.

The most amount of potassium uptake in both first and second harvests pertained to fertilizer level
of 100% in inoculated treatments with Azospirillum isolates which were significantly different
compared to control. Also, bacterial treatments were not significantly different with each other and
they all were in the same level. So, maybe we can deduce that in primary months of the growth
adding the bacterium with chemical fertilizer caused to increase potassium uptake in canola.
Results of the pot and field experiments of Mikhailouskaya et al. (2003) showed that balanced
phosphorus and potassium nutrition was the main prerequisite for biological nitrogen fixation of
associative N, fixing bacteria Azospirillum brasilense in association with flax roots. They
expressed that phosphorus and potassium had the main role for the formation of beneficial N,
fixing bacteria-plant roots association. Inoculation technology in complex with P and K
fertilization provided a significant increase in flax yield and improvement of fibre quality.

The most amount of nitrogen uptake in both first and second harvests pertained to fertilizer level of
100%. In second harvest there was not significant difference between Azospirillum isolates and
control. Probably, the reason of limitation to providing fixed nitrogen was that Azospirillum does
not exude fixed nitrogen into cell like free-living diazotrophs and against symbiosis Rhizobium.
Also, Azospirillum has an effective mechanism to absorb fixed nitrogen that it makes the possibility
of ammonium leakage out of bacterium cell difficult. So, it will not be available for plant. Nitrogen
fixation just provides a small part of required nitrogen of plant. Besides, N, fixation is just
observed in the conditions of low pressure of oxygen and afew amounts of nitrogen structures
(Michiels et al., 1989). Major part of plants' need of nitrogen can be provided by Biological
Nitrogen Fixation (BNF). BNF accomplishes by diazotrophs that have nitrogenase enzyme
(Masepohl and Klipp, 1996; Kim and Rees, 1994). Dobereiner and Baldani (1981) reported that
there was a difference between two species of A. brasilense and A. amazonense in nitrogen fixation
ability and nitrogen transferring to plant.

The results of this research expressed that effect of Azospirillum isolates inoculation was more
important in primary stages of plant growth. So, in related experiments of the effect of Azospirillum
on plant growth parameters, the first time was proposed. Alagawadi and Gaur (1992) expressed that
mixed inoculum of Azospirillum and P. striata caused to increase the yield, N and P uptake in
sorghum, significantly. Bhattari and Hess (1993) found that inoculation of wheat with isolated A.
lipoferum from indigenous varieties caused to increase total nitrogen of shoot up to 39%. They
expressed that indigenous bacteria could create better association with indigenous varieties of
plants. The reason might be due to their adjustment to environmental conditions and also their more
competition ability than non-indigenous bacteria. Experiments results of the effect of two bacteria
of A. brasilense and A. chrococcum on growth parameters of wheat showed that bacterial
treatments significantly (p<<0.01) caused to increase nitrogen and phosphorus uptake. Also, mixed
treatments with both bacteria had better effects than single treatments (Mohammadi, 2009). Results
of greenhouse experiments of Arab (2006) on effects of isolated Azospirillum indigenous isolates
from cereals roots in Tehran, Golestan, and Khuzestan provinces on growth parameters and sweet
corn yield showed that inoculated plants with N,-fixing, biosynthesis of auxin hormones, mineral
and organic phosphate solubilizing bacteria had high total amounts of nitrogen and phosphate
uptake compared to other bacterial treatments.
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Abstract

Sewage sludge is a good source of organic matter and plant nutrients. Therefore, its application in most
agricultural soils is important to improve some soil chemical and physical properties. To investigate the
effect of sewage sludge and potassium (K) on maize yield and macronutrient concentrations and partitioning
in maize plant, a pot experiment was conducted in a completely randomized design with three replications.
Treatments included four sewage sludge rates (0, 2, 4, and 8%) and four K levels (0, 40, 80, and 120 mg K
kg™ soil). Results showed that shoot fresh and dry weights increased significantly following the application
of sewage sludge (up to 4%), but root dry weight was not significantly affected, as compared to that of
control. Nitrogen (N) and phosphorous (P) concentration in shoot and root, and K concentration in shoot of
maize plant increased significantly with increasing sewage sludge levels. Potassium addition significantly
increased K in root and N in shoot of maize plants. Translocation factor (TF), defined as shoot/root
concentration ratio, indicated that N and K content in shoots were higher than in roots with application of
sewage sludge and K. Phosphorous concentration was accumulated in shoots of Maize cultivars (TF>1), but
its concentration was higher in roots than shoots of Maize plants (TF<1) treated with 8% sewage sludge and
applied K levels. It may be concluded that sewage sludge application have a favorable effect on maize
growth. However, soil EC and heavy metals concentrations in plants should be taken into consideration
before sewage sludge application in soils.

Keywords: Sewage sludge; K levels; macronutrient concentration; Nutrient partitioning; Maize plant.

Introduction

Most agricultural soils of Iran are generally low in organic matter (OM), usually less than 1%.
Therefore, application of sewage sludge in agricultural soils improves some soil chemical and
physical properties. Many papers have been published on the beneficial effects of sewage sludge
amendment on crop yield and some soil physical and chemical properties, such as improving soil
structure, increasing soil moisture, plant nutrients, humus content and cation exchange capacity
(Logan et al., 1997; Barzegar et al., 2002). Moreover, amount of K content in sewage sludge is low.
Therefore, the aim of this paper was to evaluate the effect of different rates of sewage sludge and K
on macronutrient concentration and partitioning in maize plant.

Materials and Methods

Sewage sludge was collected from Industry of Zarghan, Fars province, Iran. The sample was air
dried, passed through a 2-mm sieve, and stored in a plastic bag for physico-chemical analyses.
Characteristics of sewage sludge and sandy soil (with 93% sand) are given in Table 1. To
investigate the effect of sewage sludge and K on growth and macronutrients concentration and
partitioning in Maize plant (Zea Mays L.), a pot experiment was conducted in a completely
randomized design with three replications. Treatments consisted of four sewage sludge rates (0, 2,
4, and 8%) and four K levels (0, 40, 80, and 120 mg K as K,SO, kg™ soil). Plastic pots containing
sandy soil and coco peat (1:1 V) were mixed thoroughly with different applied treatments. To
prevent nutrients deficiency in Maize plant, based on soil analysis, nutrients were added to each pot
uniformly. Maize seedlings were grown for 8 weeks. Roots and shoots of maize plants were
harvested, washed, oven-dried at 70°C to constant weight, and dry ashed at 550°C. The ash was
dissolved in 2 M hydrochloric acid (HCI) and, after passing through filter paper, was used to
determine P and K. Before dry ashing N was measured by Kjeldahl method. Statistical analysis was
performed using SPSS and Excel statistical software packages.
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Table 1. Selected properties of the sewage sludge and soil.

pH EC TN OM K P Fe Cu Mn Zn Cd
(ds m") (%) mg kg !
Sewage sludge  6.79 3.1 207 402 560 20 1419 60 367 532 9
soil 7.5 0.6 0.005  0.06 30 3 3.6 0.5 1.8 0.6 nd

Results and Discussion

Shoot and root dry weight

Shoot fresh and dry weights of maize plant increased significantly with increasing sewage sludge
levels. However, maximum shoot fresh and dry weights were obtained following the application of
4% sewage sludge (Fig. 1). Increase in Maize growth at different sewage sludge rates could be due
to elevated availability of nutrients through the sewage sludge application in soil (Bevacqua and
Mellano, 1993). El-Dewiny et al. (2006) stated that sewage sludge application could increase fresh
and dry weight of radish and spinach plant. Ailincai et al. (2009) revealed that application of 40 Mg
sewage sludge ha™ resulted in an increase in yield of winter rape and soybean.

Root dry weight of Maize plant was not significantly affected by sewage sludge levels (Fig. 1).
Effect of K and interaction of K and sewage sludge on maize root and shoot weights were not
significant (data not presented).

210 q
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Fig. 1. Shoot fresh and dry weights and root dry weight of maize plant as affected by various levels
of sewage sludge

Macronutrient concentration in root and shoot

With increasing sewage sludge levels, mean of N, P, and K concentration in shoot and N and P
concentration in root increased significantly, as compared to that of control (Table 2). For example,
in comparison to control, addition of 8% sewage sludge increased N, P, and K concentrations in
shoot of Maize plant by 2.44, 0.44, and 0.26 fold, respectively (Table 2). Akdeniz et al. (2006)
stated that application of 7, 14 and 21 Mg biosolids ha" increased shoot dry matter yields, N
content of leaves, and total N uptake of sorghum plants.

K concentration in root significantly decreased with increasing sewage sludge levels, as compared
to control (Table 2). This might be due to the fact that sewage sludge is low in K. Potassium is
water-soluble and mostly was removed through treatment process (Lopez-Mosquera et al., 2000).
Potassium addition in soil significantly increased K in root and N in shoot of maize plants, as
compared to that of control. However, P and K concentration in shoot of Maize plant were not
significantly different between control and applied K levels (Table 1). Mohammad and Athamneh
(2004) indicated that application of 20, 40, 80, and 160 Mg sewage sludge ha™ increased N and P
concentration in shoots of lettuce plant. However highest K concentration was observed following
the application of 20 Mg sewage sludge ha". El-Dewiny et al., (2006) showed that organic matter
increases N uptake by radish and spinach plants. Our results indicated that sewage sludge is a
valuable fertilizer. However, the effect of sewage sludge on soil EC and heavy metals
concentration in plants should be taken into consideration before its application in soils.
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Table 2. Effect of sewage sludge and K on shoot and root macronutrients concentration in maize
plant

Root Shoot
Sewage sludge levels (%) N P K N P K
(each figure is average of four K levels)
0 0.47d 1467 ¢ 23520 a 091d 2198 c 45859 b
2 0.96 c 3044 b 17325 b 1.79 ¢ 2874b 47836 b
4 1.37b 3156 b 16906 b 250b 3630ab 55968 a
8 1.73 a 3927 a 10112 ¢ 313 a 3163 a 57945 a

K levels (mg kg™
(each figure is average of four sewage sludge levels)

0 1.14ab  2502b 14417 b 1.90b 2825a 50766 a
40 1.17a 2967 ab 15634 ab 2.11ab  2898a 50926 a
80 1.19a 3358 a 17433 ab 2.12ab  3022a 51531 a
120 1.03b 2768 b 20378 a 2.19a 3119a 54384 a

" Means in each column followed by the same letters are not significantly different (p<0.05) by
Duncan’s Multiple Range Test

Nutrient translocation in maize plant

Translocation Factor (TF) was used to evaluate nutrients translocation and partitioning in plant
parts. Translocation factor (TF), i. e., the ratio of shoot/root concentration of micronutrients
(Kabata-apendias and Pendias, 2001). The TF values for N and K were >1. This indicated that
these nutrients concentration were higher in shoots than roots with application of sewage sludge
and K, probably due to higher translocation to plant aerial parts (Table 3). Phosphorous
concentration was accumulated in shoots of Maize plants (TF>1), but its concentration was higher
in roots than shoots of Maize plant (TF<1) treated with 8% sewage sludge and applied K levels
(table 3).

Table 3. Translocation factor (TF) of macronutrients in maize plant as affected by applied sewage
sludge and K.

Sewage sludge rates (%) K levels (mg kg™) TF

N P K
0 0 1.8 1.3 2.0
0 40 1.7 1.6 2.0
0 80 1.5 1.0 1.9
0 120 3.6 2.2 1.8
2 0 2.4 1.0 3.1
2 40 1.9 1.0 34
2 80 1.6 1.0 3.1
2 120 1.7 1.2 1.9
4 0 1.7 1.2 4.1
4 40 1.9 1.0 3.9
4 80 1.8 1.4 3.5
4 120 1.7 1.0 2.5
8 0 1.7 1.1 7.3
8 40 1.8 0.6 5.6
8 80 1.9 0.8 44
8 120 1.7 0.8 5.1
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The effect of Amaranthus blitoides on growth of Rhizobium bacteria
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Abstract

Production of inoculants is an important step to the commercial use of the product. The development of an
economic culture medium is necessary to obtain a high quantity of biomass. Amaranth seed is rich in
proteins, carbohydrates and lipids. The effect of Amaranthus blitoides seeds on the growth of Rhizobium
isolates was studied. Amaranthus blitoides seeds were tested to obtain a growth medium instead of yeast
extract. Amaranthus blitoides provided maximum growth, Amaranth seed meal can be used instead of yeast
extract in medium.

Keywords: Amaranth, Rhizobium, medium, yeast extract

Introduction

Rhizobia (Rhizobium, Bradyrhizobium, Mesorhizobium, Allorhizobium and Azorhizobium) are
unique bacteria because they can fix atmospheric nitrogen by forming symbiotic nodules with
leguminous plants. Rhizobium spp. are gram negative soil bacteria that have a profound scientific
and agronomic significance due to this ability to establish nitrogen fixing symbiosis with
leguminous plants, which is of major importance to the maintenance of soil fertility. Rhizobium
bacteri have useful organisms commercially because of their agricultural application as inoculants
for legumens (Buttery et al., 1992).

Production of rhizobial isolates is an important step to the commercial use the product. The
development of an economic culture medium is necessary to obtain a high quantity of biomass. The
constituens for a medium must metabolite production by providing an adequate supply of energy
for biosynthesis and cell maintenance (Bejosano and Corke, 1999; Williams and Brenner, 1995).
Amaranthus seeds contains glutamic acid, tyrosine, valine, leucine, lysine, tryptophan, riboflavin,
niacin, biotin, folic acid, lipids, phosphorus potassium, calcium, magnesium, iron and proteins
(Bejosano and Corke, 1999; Segura-Nieto et al., 1992; Videira et al., 2002). Usually grain contents
fall within the following ranges; crude protein 12-19 %, fat 5-8%, starch 62-69 %, total sugar 2-3
% and ash 3-4% (Williams and Brenner, 1995).

In the present study, we investigated the use of Amaranthus blitoides seed meal in isolates of
Rhizobium V5 and L7 growth cultures instead of yeast extract.

Materials and Methods

Rhizobium V5 and L7 isolates were used in this study. Rhizobium V5 isolate was isolated from
Vicia sp., Rhizobium L7 isolate was isolated from Lathyrus cassius. Isolates were kept in yeast
exract mannital agar medium and stored at 5 °C.

Amaranthus blitoides was used. These materials were previously dried, ground and sieved. Growth

in liguid medium with amaranth meals (1, 2, 3, 4, 6 and 8 g/l) were performed according to
Grassano et al., (1999). The pH of the media was adjusted to 6.0 with NaOH. Controls contained
yeast extract in media. Cultures incubated at 28°C for 3 days on 250 rev. min "',

Vicia sp. and Lathyrus cassius seeds were inoculated with Rhizobium V5 and L7 respectively. Pots

were filled 750 g soil. Ten seeds were sown in pots. Seeds were inoculated according to Vincent
(1970) as follows; treatment 1; control with no isolates, treatment 2 and 3; inoculations were yeast
extract medium and Amaranthus seed meals medium, respectively. Plants were grown in pots for
45 days. Roots were separated from shoot sand roots were washed. Plants were then dried for 48 h
at 60°C in a forced air oven determine shoot and root dry matter weight.

Results

Table 1 shows the maximum viable cell volues for V5 and L7 obtained in a culture using yeast
extract as control and different amaranth concentrations.
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Table 1. Effects of treatments on growth of Rhizobium isolates

Treatments Medium pH Cell / ml™
Rhizobium V5  Rhizobium L7  Rhizobium V5  Rhizobium L7
isolate isolate isolate isolate
Yeast extract medium 7.35 7.35 1.1 x 10 1.4x10°
(Control)
1 6.80 6.03 3.2x10° 5.7x 107
=) 2 6.92 5.51 4.7x 10° 43x 10
g 4 6.73 5.74 7.8x 10 6.9 x 10°
Yn B
V<
= 6 6.59 5.88 0.2x 10 6.9 x 10°
= O
= O
< g 8 6.68 5.88 8x 107 48x10°
X O

It has been found that 8g/1 of A.blitoides seed meal in the media for V5 isolates, 69/1 of 4.blitoides
seed meal for L7 isolate in the media used allowed a higher concentiation of biomass, ranging 0.2 x
10*— 8 x 10” viable cell / ml, respectively. Media pH values can be seen in Table 1. Values of pH
were 5.51-7.35.

The inoculation of Vicia sp. with VS5 isolate and the inoculation of Vicia sp with L7 isolate
increased the shoot and root dry weight of Lathyrus cassius in the saltly soil as compared to the
control (Table 2).

Table 2. Shoot dry weight Vicia sp. and Lathyrus cassius inoculated with V5 and L7 isolates,
respectively.

Vicia sp. Lathyrus cassius
Treatment
Shoot dry weight  Root dry weight  Shoot dry weight  Root dry weight
Control 100 100 100 100
Yeast  extract 66.7 89.3 75 96.7
medium
Amaranthus 133° 101.9" 125° 99.0
blitoides
medium

" Significant at the 5% probability level

Discussion

The results obtained in this study show that amaranth seed meal in medium support rapid growth
and high viable cell of Rhizobium isolates (Table 1). Several authors suggest amaranth seeds are a
good substrate for many microorganisms (Grassano et al., 1999), because it contains proteins and
pesticides. The higher viable cell of isolates likely to be obtained with Amaranthus blitoides seed
meal culture instead of yeast extract (Table 1).

The pH change in amaranth seed meal culture media was different (Table 1). Grassano et al. (1999)
found a similar result when bacteria grew in media. Bradyrhizobium E109, E110, 5019, 587 and
Rhizobium meliloti B36, B323, B399, Lq42, Lq51 and U322 grew beter on amaranth meal than on
yeast extract as the nutrient source (Grassano et al., 1999). These similar requirements of carbon
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source confirmed to close relationship of the isolates and the response to Amaranthus seed meal
suggests that they require additional growth factors that are not provided by yeast extract. Videira
et al. (2002) are the reports to suggest the use of Amaranthus seed meal to provide additional
nutrients required by rhizobial growth at an industrial level.

Rhizobium inoculants increased the seed germination as compared to the control. Inoculation
experiments with Vicia sp. and Lathyrus cassius showed that Rhizobium isolates increased shoot
and root dry matter significantly from 133 % to 99 % as compared to the control (Table 2). Shoot
growth increased more than root growth. The nitrogen fixing ability of the organism has been
postulated as responsible for the increased plant growth and nodulation (Buttery et al., 1992).
Maize, pea, lupin, Amaranthus retroflescus, Echinochloa crus-galli were colonized with Rhizobium
isolate. The Rhizobium isolate was able to re-establish in the rhizosphere of these plants, after dry
storage of the soil for a period up to 12 month (Albareda et al., 2008).

Amaranth seed meal is a low cost substance when compared with yeast extract therefore, future
research will be focused on optimizing the growth conditions to obtain higher biomass which is
desirable for the industrial development of Rhizobium inoculants.
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Abstract

Salinity is a major concern for irrigated agriculture in Sanlwrfa, Turkey. The aim of the research work was to
isolate rhizobacteria from cotton, Salsola crassa, Chenopodium albus and examined their maize growth
promotion properties. Bacterial strains isolated from rhizophere soil of cotton, Salsola crassa, Chenopodium
albus. All bacterial strains were fast growing, gram positive or gram negative rods. Soil samples of saline
soils taken from different areas of Akcakale, Sanliurfa in Turkey were used in experiments. The investigated
were carried out in pot experiments with salinated soil. Tested isolates produced different enzymes. After
inoculation with bacterial isolates, the root and shoot growth of maize increased.

Keywords: Maize, rhizobacteria, salinity soil

Introduction

Soil salinity is an important growth limiting factor for most plants. Soil salinity may strongly affect
soil biological properties (Zahran, 1997). Harran Plain is located within the Southeastern Anatolia
Project (GAP) one of the largest integrated Project of Turkey. Harran Plain has a high potential for
crop production. In Sanlwrfa, Turkey, the area of arable salt land is increasing at the rate of 4984
ha (Cullu et al., 2000).

Microorganisms such as bacteria and fungi on the rhizosphere soil were used to plant growth
promoting (Zahran, 1997). Bacillus and Pseudomonas species can produce antimicrobial
compounds (De Boer et al., 1998) and enzymes (Nielsen and Sorensen, 1997), they can also be
promote plant growth and disease suppression (Zahran, 1997).

Maize is one of the most important crops in Southeastern Anatolia. Inoculation of maize crops with
beneficial rhizospheric bacteria may constitute an alternative for improving the availability of
nutrients (Riggs et al., 2001). Treatments by using rhizobacteria instead of chemical pesticides and
fertilizers, offers a powerful contribution to environmental conservation (Egamberdiyeva, 2005).
Use of microorganisms for enhancement of plant production is becoming a more widely accepted
praticle in many contries (Egamberdiyeva, 2005).

The aims of this study were (i) to isolates from the rhizosphere of commonly grown plant in saline
soils, Harran Plain, Turkey; (ii) to isolate rhizobacteria from maize and examined their plant
growth promoting properties.

Materials and Methods

Rhizosphere soil samples were collected from Harran Plain, Akc¢akale located in the Southeastern
Anatolia region of Turkey. Dilutions were made for isolation of rhizosferic bacteria. The
identification of relied on standart biochemical and physiological tests according to the
classification of Bergey’s (Holt et al., 1994).

Cellulase, protease, gelatinase, chitinase, urease activities were detected as described by
Egamberdiyeva et al. (2005) and Nielsen and Sorensen (1997). Different amounts of NaCl were
adjusted in flasks prior to 10 ml medium to obtain the desired NaCl concentration 0.9, 3, 5, 7, 10,
15, 20 and 25% (w/v) (Mavingui et al., 1992). The inoculation treatment were set up in a
randomized design with three replicated. Soils were sampled from irrigated site of Harran Plain,
Sanlurfa. Pots were filled with 750 g soil. Soils were sieved (2 mm mesh) directly after collection.
For determination of soil chemical properties, soil samples from the surface to a depth of 30 cm
were taken and air dried samples were analyzed for contents of total N, E.C., organic matter, K,O,
CaCQOj;, and pH. Maize (Zea mays) was used as the test plant.

Maize seeds were surface sterilized with sodium hypocloride and distilled water. Ten seeds of
maize were sown per pot. The seeds were soaked prior to sowing overnight the both cultures (10 ’
cfu ml™") of bacteria alone. After germination, plants were thinned to obtain seven plants per pot.
Plants were grown in pots for 4 weeks. Four weeks after germination, shoots and roots were
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separated and dried at 65 °C before determining the root and shoot dry weight, the criteria for
growth promotion were studied as root and shoot dry matter.

Results

We isolated from rhizosphere soil samples isolates belonging to Bacillus sp. and Pseudomonas sp.
Bacillus isolates were a Gram positive, motile, spore forming bacterium and Pseudomonas sp.
isolates were Gram negative, motile. Cells are rod shaped (Table 1).

Table 1.Phenotypic characteristics of isolates

Isolate Source Colony morphology Cell Morphology Spore Gram
reaction
BM Cheing?ssdmm Middle, regular, creamy | Motile, rods, alone + +
BM?2 Chenopodium Small, smooth, creamy, Motile, rods, alone 4 4
albus regular and in pairs
BP34 Cotton Middle, rough-swoll.en Motile, rpds, in 4 N
regular, creamy, white chain
BP33 Cotton Middle, regular, creamy Motile, rods, alone + +
BP12 Small, smooth, creamy- Motile, rods, alone
Salsola crassa . . . + +
white, regular and in pairs
BM4 Chenopodium | Large, irregular, creamy- | Motile, rods, alone . 4
albus white and in pairs
P3 Chenopodium
albus Large, creamy Rods - -
P9 Chenopodium
albus Large, creamy Rods - -
MH3 Cotton Large, creamy Rods - i
MKS5 Cotton Large, creamy Rods - -

Tolerant properties of isolates were determined at different concentrations of NaCl. Growth occurs
in the range of 0.9-10 %(w/v) NaCl isolates of BM2, BM4, BP12, BP33, BP34, BM, P3, P9, MH3
and MKS5 were grown at 10 % (w/v) NaCl; BM, BP33, BP12, P3 and P9 were grown at 15 % (w/v)
NaCl; BP12 and P3 isolates were grown at 20 % (w/v) NaCl (Table 2).

Table 2. Resistance of isolates against NaCl concentrations

Isolate NaCl (% w/v)

0.9 3 5 7 10 15 20 25
BM + + ++ ++ ++ ++ - -
BM2 + + ++ ++ ++ - - -
BP34 + + ++ ++ ++ - - -
BP33 + + ++ ++ ++ ++ - -
BP12 + + ++ ++ ++ ++ ++ -
BM4 + + ++ ++ ++ - - -
P3 + + + + ++ ++ ++ -
P9 + + + + ++ ++ - -
MH3 + + + + ++ - - -
MKS5 + + + + ++ - - -

+: weak growth, ++: well growth; -: negative

Table 3 showed results from the extented tested of enzyme production. All of tested isolates
demonstrated catalase activity in medium. Amylase activity was positive for BM, BM2, BP34,
BP33, BP12 and MKS5 and negative for isolates of P3, P9 and MH3. Gelatinase activity was
positive for isolate BM and BM2 (Table 3). Isolates showed positive reaction for catalase.
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Table 3. Production of hydrolytic enzyme of isolates

Isolates Enzyme
Chitinase Cellulase Amylase Gelatinase Urease Catalase

BM 12 mm 4 mm + - +
BM2 10 mm 8 mm + - +
BP34 10 mm 7 mm + +
BP33 12 mm 2 mm + - +
BP12 10 mm - + - +
BM4 10 mm 7 mm + + +
P3 - 5 mm - + +
PO - - - + +
MH3 - + - - +
MK35 6 mm + + +

+: positive, -: negative

Discussion

Ten bacteria were isolated from the rhizospere of cotton, Salsola crassa, Chenopodium albus.
They were identified as the Gram positive bacteria as Bacillus sp. and Gram negative bacteria as
Pseudomonas sp. (Table 1). Bacterial isolates are salt tolerant. All isolates grow fast in medium
supplemented with 0.9 %, 3 %, 5 %, 7 % and 10 % NaCl (Table 2). Also, similar results have been
observed in other soil bacteria (Marten et al., 2000; Egamberdiyeva, 2005).

Previous studies reported by Egamberdiyeva (2005); Mavingui et al., (1992) have shown that
changes in osmotic potential exerted by salt concentration alter the stucture of lipopolysaccharides
and proteins of bacteria in response to salt stress and some bacteria accumulate several solutes to
overcome the osmotic stress induced by salt when growing in association with plants. In this study,
decreased growth of isolates with increasing salt concentration was registered. Similar to this,
Egamberdiyeva (2005) was of the view that increasing salt concentrations may have a detrimental
effect on bacterial populations as a result of direct toxicity as well as through osmotic stress. The
soil bacteria have evolved a variety of adaptive mechanisms in order to restore the cell turgor
pressure between cell and the environment (Mavingui et al., 1992).

In this study, the bacterial isolates that produce different hydrolytic enzymes such as chitinase,
amylase, cellulase, catalase, gelatinase, urease. In earlier studies the enzymatic activities have been
found to be rhizosphere microorganisms (Nielsen and Sorensen, 1997). Protease, chitinase and
cellulase activities have been proposed to be involved in biocontrol processes (De Boer et al.,
1998). BM, BM2, BP34, BP33, BP12, BM4 and MKS5 isolates showed positive reactions for
chitinase (Table 3), which corresponds with soil bacteria reports in the literature (Egamberdiyeva,
2005; Nielsen and Sorensen, 1997).

Soil prior to sowing were analyzed and the clay had the following properties: E.C. 1.73 mmhos/cm;
organic matter, 1.64 %; K,0, 394 kg/da; N content, 0.15 %; CaCOs 13.6 % and pH, 8.1. Our
isolates increased seed germination. Maize yield increases of 18-22 % have also been reported by
Rosas et al. (2009) after inoculation with plant growth promoting rhizobacteria. Our isolates can
play an essential role in helping plants establish in saltly soil.
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Abstract

This study was conducted to the purpose of selection of best substrate for the cultivation of tobacco
transplant production by method of float system in a completely randomized design at the greenhouse
tobacco research center of Tirtash — Iran. In this experiment were performed seven different treatments
include of Peat, noshahr’s soil, Kurdistan’s soil, Peat + vermicompost(2:1), noshahr’s soil +
vermicompost(2:1), noshahr’s soil+cocopeat(2:1), peat + rice bran(2:1) with three replicates. Factors
measured at the this experiment are include of the number and percentage of germination, the number and
percentage of spiral roots, the number and percentage of transferable tobacco transplanting to the main land,
the shoot green weight, shoot dry weight, shoot dry matter percentage, stem length, stem diameter, root
length, root fresh weight, root dry weight and root dry matter percentage. Results of analysis of variance
showed that effect of different substrate on the factors of the number and percentage of root spiral, shoot dry
and green weight, shoot dry matter and root length percentage at level 1% and factors of the number and
percentage of transferable transplanting tobacco at 5% level had a statistically significant difference.
Comparison of mean the number and percentage of germination showed that Peat beds, Kurdistan’s soil and
peat + vermicompost have the highest yield and peat + rice bran Bed the weakest yield. According to purpose
if number of transplants of transferable to main land is the only criterion, all treatments are suitable for the
cultivation of tobacco except peat + rice bran treatment.

Keywords: Cocopeat, Float system, Peat, Transplanting of tobacco, Vermicompost.

Introduction

Tobacco is one of the major crops that plays an important role in economics producing countries
and income derived from different products of this plant are significantly from national income
producing countries. Types of commercial varieties of tobacco is cultured for the production of
smoke in Iran. Planting areas of cigarette tobacco Include: The province Mazandaran that is
equivalent whit 31% of the total under cultivation area of tobacco, The province Golestan with
24% under cultivation area, Gillan with 21% of under cultivation area, West Azarbaijan with 19%,
East Azarbaijan, Kermanshah and Kurdistan 5% rest form of under cultivation area smoking
tobacco(Gholizadeh, A., (2008). tobacco is From of the family Solanaceae (Ahi Far, H., (1998)
and the genus Nicotiana with scientific name Nicotiana tobaccum(Scientific Bulletin.,
Research.(1995), n=24. The plant is selfing (Tobacco newsletter,. (1998) that it is cultivated
usually annual. Commonly, tobacco growing on beds of peat as main material is formed with
different amounts of vermicompost and Perlite. Particle size distribution in terms of size and with
their food from is important factor in competency of culture substrate can be considered for
transplant production. Particle size is determined in culture without soil, similar is with soil texture
and by the relative values and particle size of mixture components (peat, vermicompost and
perlite) .distribution size of particles are determined in a substrates, many features as aeration,
water-holding capacity, drainage and continuity properties are important that in plant growth. Mr.
Beuchat. A. In italy proved that application of peat alone not suitable for transplant production and
should be more accurate than select the appropriate combination (Beuchat, A. (2000). He was
believed that origin of peats are from natural materials therefore the quality has diverse and are
difficult determination their physical and chemical properties. Mr. Harrell N. E. showed that
substrate can be appropriate with different sizes constituent particles for transplant production.
Shi.x.et.al. reported the beds ratio plays important role in growth and development tobacco
transplanting. In mixture peat, vermiculite and perlite, ratios of 50 to 70 percent of peat is suitable
for development of transplanting tobacco (Shi, x., G. Liu, and J. chen,.(2001). High ratio of 80% or
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fewer than 40% of the peat is inappropriate for growth and development of tobacco. This study was
performed in order determination most suitable substrate by using internal materials for growth of
tobacco seedling in the nursery floating (Caruso,et al., (2001).

Materials and Methods

According to the project, the aim of it is selecting the best substrates replace of peat imported for
production of transplant the floating method and review them in the number of transferable tobacco
transplanting to the main land. Therefore to perform it was done completely randomized design
with 7 treatments. treatments (substrates) include: peat, kurdistan soil, noshahr Forest soil,
volumetric ratio 2:1 peat + vermicompost, volumetric ratio 2:1 noshahr soil + vermicompost,
volumetric ratio 2: 1 noshahr Soil + cocopeat and volumetric ratio 2:1 Peat + rice bran(ratio 2 for
peat and soil noshahr and the ratio of 1 for vermicompost, cocopeat and rice bran) was performed
in 3 repeat.

At first were sterilized each of the materials used and were combined together to volume ratios. For
this purpose, each of the trays 220 pore filled with the above compounds that each hole has
capacity 23.5 ml, after preparation form of tobacco floating nursery and in the middle every house
was placed a coated seed variety Kjy . Viability of seeds was determined before seeding. After
trays were placed in the nursery. According to number and repeat treatments was determined
dimensions of ponds and inside their to prevent from water out were covered with thick black
plastic. In ponds should be 12cm water level and before achieve to this height per cubic meter was
used 500gr fertilizer Gromor (20:10:20), 30gr toxin Fungicides Redomil mankozeb, 30gr algae
toxin Mishokap (Ranjbar, R., (2009) and to reduce or absorption Bicarbonate water used(5 meq/Lt)
59.9cc concentrated sulfuric acid(Gholizadeh, A., (2008). Three weeks after seeding and at the
time the four-leaf seedlings was done similar to the first stage of fertilization. At this stage counting
and were calculated number of germination and number spiral roots. In the meantime 3 steps were
done header handling operations and other factors were measured 7 weeks after seeding. Time of
germination seeds, the number of germinated seeds, the number of usable transplant, transplanting
height, weight of dry and green transplanting, stem diameter and etc. were determined. For
measuring the above factors was selected randomly of each tray Number of 15 transplant and their
average was calculated For the each tray for the analysis of variance and review factors in the
statistical software MSTAT-C analyzed were used at level 1 and 5 percent.

Results and discussion:

The results of evaluation of different substrates showed that factors of spiral roots, shoot weight,
shoot dry weight, percentage of shoot dry matter and root length at % 1 level and percentage of
transferable transplant of factor at level 5% have significant differences but from the statistical
point factors of percentages of germination, stem length, stem diameter, root fresh weight and root
dry weight showed no significant difference (Table 1).

Table 1: Analysis of variance for different traits affected by the experimental substrates

Resources of [Grading Mean Squared
Changes percentages | percentages | Percentage root root Stem Stem root Shoot Shoot
of of spiral of fresh dry length | diameter | length fresh dry
germination roots transferable | weight | weight weight | weight
transplant
treatment 6 n.s *x * n.s n.s n.s n.s *E Hk *ok
326.285 14.402 1047.047 2.132 0.005 | 6.175 0.919 21.945 | 646.707 | 1.759
Experimental 14 194.547 0.862 308.498 0.892 0.003 | 3.195 0.859 1.592 70.958 0.267
error

n.s: Showed no significant difference, **: At% 1 level have significant differences, *: At 5% level has
significant differences
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Table 2: physical and chemical characteristics of the test Substrates

Substrates pH Ec (ds/m) | CI” (meq/lit)
peat 6.513 1.031 34
Kurdistan Soil 7.039 0.948 1.2
Noshahr Forest soil 7.161 2.641 1.2
Peat + Vermicompost 7.067 1.971 2.5
Peat + rice bran 5.737 1.722 7.6
Noshahr Forest soil + 7.215 2.850 2.2
vermicompost
Noshahr Forest soil + coco | 7.038 2.807 7
peat
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Figure 1. Impact of culture substrate on percentage of transplant transferable

The number and percentage of transplant transferable to the field: Compare data the number and
percentage of transplant transferable to the field indicates that all treatments except for treatments
peat + rice bran have transmissivity transplant high to the field. It can be cause of related to the
composition of rice bran. Because with added rice bran to the peat rate Ec and Cl substrate
increased and pH decreased to 5.737 and therefore it causes reduce the number and percentage of
transferable transplant to the main land. Finally in between treatments, respectively the best
treatments include:1. Noshahr Forest soil, 2. Peat, 3. Peat + Vermicompost, 4. Noshahr forest soil
+ coco peat, 5. Noshahr Forest soil + vermicompost, 6. Kurdistan Soil, 7. Peat + rice bran. Studies
have shown that is better are existed particles with different size in substrate culture. Substrates that
their textures have vermiculite or perlite or both these materials are appropriate than to those that
100% their texture is peat.

Suggestions

According to the results, if the objective be only criterion all treatments for tobacco cultivation are
appropriate except treatment peat + rice bran. As peat is imported culture and cost, thus should be
used other alternatives to be economical.
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Abstract

Labile storage of organic carbon is one of the most important soil quality indicators because of high
sensitivity to change in management practices. Particulate Organic Matter (POM) of the labile fraction only
represents a small proportion of the total organic matter. They play a key role in the cycling of nutrients,
because they are very dynamic. On the other hand carbohydrates are another labile storage of organic carbon
that play an important role in forming and sustainability of soil aggregate, so they are considered as valuable
indicator in assessing the soil quality. Due to intensive management practices, paddy soils are given a high
degree of attention. Therefore to get rid of the threats in rice production, performance the plan of
consolidation, equipping and modernization of lands is undeniable necessity. This study was conducted to
investigate the possibility of using some of the labile organic carbon storages as the indicators sensitive to
management, to assess the impact of equipping and modernization on paddy soil quality. Three locations
were selected in Mazandaran province (traditional, consolidated in 9 and 18 years ago). Three replications of
soil samples in each field (depths of 0—5 and 5-15 cm) were taken to determine the soil properties. Organic
carbon (OC), hot-water-soluble carbohydrate, dilute acid hydrolysable carbohydrate, and POM were
measured. Also the amount of organic carbon and carbohydrates extractable by dilute acid and hot-water in
POM, and Mean Weight Diameter (MWD) of aggregates were determined. The results showed that the
aggregate stability had a significant correlation with OC content of POM. This indicates that OC content of
POM can be a suitable indicator for showing paddy soil quality, particularly in relation to soil aggregation
and structural stability.

Keywords: Aggregate stability, Carbohydrates, Consolidation of paddy soil, Labile organic carbon storages,
Particulate Organic Matter.

Introduction

As an essential indicator of soil quality, soil organic carbon (SOC) and its fractions play an
important role in many soil chemical, physical, and biological properties. However, soil total
organic carbon might not be sensitive to changes in soil quality resulting from soil management
practices changes. As soil organic carbon is a heterogeneous mixture of organic substances, the
different forms or fractions of SOC might have different effects on soil fertility and quality.
Accumulating evidence suggests that certain fractions of soil organic carbon are more important in
maintaining soil fertility and are, therefore, more sensitive indicators of the effects of management
practices compared with the soil total organic carbon (Cambardella and Elliott, 1992). Among the
different forms of SOM (labile, slow and recalcitrant), labile soil organic matter storages with
turnover times of few days to months can be considered as fine indicators of soil quality which
influence soil function in specific ways and are much more sensitive to change in soil management
practices (McGill et al., 1988).

Particulate Organic Matter (POM) of the labile fraction that represents only a small proportion of
the total organic matter, play a key role in the cycling of nutrients, because they are very dynamic.
Dissolved Organic Matter (DOM) is a major controlling factor in soil formation (Dawson et al.,
1978) that plays a significant role in many chemical and biological processes in soils. The labile
soil organic matter storages seem to have a close association with one another and have important
impact on soil quality (Laik et al., 2009).

Paddy soil, as an important soil resource, is an anthropogenic soil, and its evolvement and
formation are affected greatly by changes occur with consolidation and leveling. The objective of
this study was to determine and evaluate the effects of consolidation on paddy soil organic carbon
fraction and relationships between soil organic carbon fractions and soil water stable aggregation.
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Materials and methods

Three paddy fields were selected in a location of Mazandaran province from Iran. They were
included traditional field and consolidated fields in 9 and 18 years ago. Three replications of soil
samples in each field (depths of 0-5 and 5-15 cm) were taken to determine the soil properties.

The distribution of water-stable aggregates was estimated by the wet-sieving technique, described
in detail by Kemper and Rosenau (1986). In the procedure, 40 g of the < 8mm aggregates were
placed on the topmost of a nest of sieves of diameters 4.75, 2, 1, 0.50 and 0.25mm and pre-soaked
in distilled water for 10 min before oscillating in water. After sieving the aggregates remain on
each sieve were dried at 105°C for 24 h and weighted.

The procedure for particle size fractionation was adapted from methods outlined by Gregorich and
Ellert (1993). A 50 g soil sub-sample was dispersed with sodium hexamethaphosphate. The sand
size fraction (>53um) was obtained by wet sieving using a 53 pum sieve. The silt size fraction (2-
53um) was obtained through successive sedimentation-decanting cycles. Dry weights of soil
fractions were obtained at 40°C and samples ground in a mortar to pass a 0.5mm sieve screen.
Carbon was determined within particle size fractions and whole soil using the Walkley Black
procedure.

The carbohydrate distribution in each water-stable aggregate was determined in duplicate in two
types of soil extracts, i.e., dilute acid and hot water. In the dilute acid-soluble extract 1 g of soil
was mixed with 10 ml of 0.25 M H,SO, and shaken in a rotary shaker for 16 h; in the hot water-
soluble extractlg of soil was mixed with 10ml of hot distilled water (85°C) and heated for 2hr
30min. After each extraction and centrifugation, 2 ml of the supernatant solution were used to
determine the carbohydrate concentration using the phenol-sulphuric acid method (Dubios et al.,
1956). The absorbance was read in a spectrophotometer at 490 nm using glucose standards.

Results and Discussion

From 1950s different soil characteristics or behaviors are used as its quality indicators. Probably
most important of them is MWD, which basically used for quantitative description of soil structure
(Lovey and Miller, 1997).

The result of wet sieve (Fig.1) shows that soil of rice fields with traditional farming systems (A) to
consolidated soils (B,C) has lower aggregate stability. Difference between aggregate stability of
consolidated paddy soils may be developed due to technique of performance design, the amount of
damage caused by land leveling and soil management after that.

3 A

MWD (mm)
]
L

[y
1

A B C

Fig.1. Evaluation of aggregate stability in three fields:
(A) Traditional, (B) Consolidated in 18 years ago, (C) Consolidated in 9 years ago.

Probably, remaining without cover in traditional paddy soils has been leaded to increase of crop

residue and fertilizer inputs decomposition, and remove of large amounts of organic carbon of
POM from soils after rice harvest (Fig.2).
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Fig.2. Evaluation organic carbon content of soil and POM in two depths from three fields:
(A) Traditional, (B) Consolidated in 18 years ago, (C) Consolidated in 9 years ago.

Fertilization and crop management may influence the feedback between SOC and soil aggregation
and thus the protection of SOC (Blanco-Canqui and Lal 2004). Understanding the physical
protection mechanism of SOC will contribute to the adoption of appropriate management practices
for SOC accumulation and stabilization in paddy fields (Guo and Lin 2001). Great potential for soil
C sequestration has been found in rice paddies (Pan et al., 2003; Liu et al., 2006).
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Fig.3. Evaluation carbohydrate content of soil and POM extracted with hot water in two depths
from three fields: (A) Traditional, (B) Consolidated in 18 years ago, (C) Consolidated in 9 years
ago.
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Fig.4. Evaluation carbohydrate content of soil and POM extracted with dilute acid in two depths
from three fields: (A) Traditional, (B) Consolidated in 18 years ago, (C) Consolidated in 9 years
ago.
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In three locations, content of carbohydrate that extracting with dilute acid was more than what
extracting with hot water (Fig.3,4).

Haynes and Francis (1993) reported that extracting with dilute acid can also bring out
hemicellulose from soil, so content of carbohydrate extractable with dilute acid are more.
Unfavorable consolidation and leveling effects could be observed in the result of consolidated field
in 9 years ago (C), because storages of organic carbon in this field have an irregular increase with
depth.

One of the basic requirements for achieving a uniform and satisfactory quality of efficient field is
precision leveling of field surface. Farmers are particularly interested in the quality of the
consolidated plot, in particular, the accuracy of the leveling. Accurate leveling of the paddy field is
important for better productivity of the land and labor. When the initial leveling work undertaken
for field consolidation is not sufficiently accurate, farmers generally continue leveling as a part of
their farming activities. This leveling work entails moving soil from high points to low points. The
energy taken to move the earth is related to the volume of earth and the distance it is moved.

In among of evaluated labile storage of carbon in 0-5cm depth, organic carbon of particulate
organic matter correlated with MWD at a significant level of P<(.01.

Some research workers (Chaney and Swift, 1984; Christensen, 1986) found a direct correlation
between soil organic matter (SOM) content and aggregate stability; whereas others (Dormaar,
1983; Hamblin and Greenland, 1977) reported that the fractions of OM rather than the total amount
are important in modifying the structural stability of aggregates.

Tisdall and Oades (1982) reported that polysaccharides only act as transient binding agents which
are rapidly decomposed by microorganisms and are predominantly associated with the > 0.25 mm
transient, stable aggregates. Others (Adesodun et al., 2001; Insam, 1996; Piccolo, 1996; Spaccini et
al., 2001), however, have recently shown that carbohydrates cannot be involved in long-term
stabilization of soil aggregates because they are also decomposed by microorganisms in soils.

As a result particulate organic matter due to being more sensitive to change management, could be
used as a favorable indicator for evaluation of paddy soil quality.
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Abstract

Soil organic carbon (SOC) content and cation exchange capacity (CEC) one of the most
properties in determining of the soil fertility status. In this study, the effects of different agricultural
waste amendments on SOC and CEC of sandy loam textured soil (Typic Xerofluvent) were
investigated. Agricultural wastes, such as sugar beet pulp (SBP), apple pomace (AP) and cotton gin
waste (CGW) was applied to soil as a fresh material, (dry weight basis 10, 20 and 40 t ha™"), and pot
experiments were carried out according to the completely randomized plot design with 5 replicates
in greenhouse conditions. This study is consisted of two different stages. The first stage which is
consists of 6 months incubation period (1* sample period). Second stage which is consists of other
6 months plus 8 weeks bean (Phaseolus vulgaris L.) vegetation period (2" sample period).

The effects of waste amendments on CEC were significant between first and second stages.
At the end of experiment, it is determined that SOC content and CEC of sandy loam textured soil
improved by the amendment of SBP, AP and CGW linked to incubation periods.

Keywords: Apple pomace, Cotton gin waste, Fertility, Sugar beet pulp.

1. Introduction

Soil organic matter (SOM) and specifically soil organic carbon (SOC) are known to play important
roles in the maintenance as well as improvement of many soil properties (Krull et al.2004). In
particular, the suitability of soil for sustaining plant growth and biological activity is a function of
physical and chemical properties, many of which are a function of SOM content (Doran and Safley,
1997).

Cation exchange capacity (CEC) is defined as the measure of the total capacity of a soil to hold
exchangeable cations and indicates the negative charge present per unit mass of soil (Peverill et al.,
1999). A high CEC is regarded as favorable as it contributes to the capacity of soils to retain plant
nutrient cations. The use of organic soil amendments has been associated with desirable soil
properties including higher plant available water holding capacity and CEC and lower bulk density,
and can foster beneficial microorganisms (Doran 1995; Drinkwater et al. 1995). A decline of CEC
with soil depth along with a decline in SOM which means that a 1% increase in SOC leads to 1 unit
(cmol kg™) of increase in CEC in variable charge soils (Oades et al. 1989). The largest CEC were
associated with the organo-mineral clay fraction, which the authors attributed to the type of SOM
associated with minerals Thompson et al. (1989). In addition, functional groups of SOM have been
associated with an increase in CEC (Oades et al., 1989). Accordingly, there is generally and
McGrath et al. (1988) stated that a good correlation between SOC and CEC and the noted that CEC
of a sandy soil increased from 75 to 158 cmol kg™ as SOC increased from 0.46 to 1.39%. The
contribution of SOM to CEC can vary between 25-90% (Stevenson, 1994), depending on soil type,
but most studies observed a contribution between 30-60% (Tsutsuki, 1993; Loveland and Webb,
2003), 40-50%, respectively (Thompson et al., 1989; Haynes and Naidu, 1998). Eshetu et al.
(2004) stated that in forest soils of the Philippines, there was a strong linear correlation between
total CEC and SOC content. They also noted that SOC concentrations > 2% increased the CEC of
surface soils by up to 4 times compared with mineral soil with SOC concentrations < 2%.
Furthermore, at SOC contents < 2%, there was no measurable effect on CEC and they suggest that
2% could indicate a minimum threshold value.

The objective of this experiment is to determine the role of agricultural wastes such as sugar beet
pulp, apple pomace and cotton gin waste on organic carbon content and cation exchange capacity
of sandy loam textured soil.
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2. Materials and Methods

2.1. Materials

Soil (Typic Xerofluvent) was collected from the 0-25 cm of as the name of Tehnelli series at the
Land of Research and Practices of Akdeniz University in Turkey. Sugar Beet Pulp (SBP), Apple
Pomace (AP) and Cotton Gin Waste (CGW) were obtained from sugar beet, apple and cotton
processing company. Results of the analysis of initial (pre-amendment) soil properties and
analytical composition of the organic materials are given in Tables 1 and 2, respectively.

Table 1 Selected physicochemical properties of soil.

pH (H,0) 7,80
EC (dSm™) 0,10
CaCOs (%) 48,69
Sand (%) 76,4
Silt (%) 4,6
Clay (%) 19,0
Texture Sandy loam
Field capacity (%) 11,72
Wilting point (%) 4,67
Available water (%) 7,05
Bulk density (g cm™) 1,67
CEC (cmol kg™) 12,29
Organic matter (%) 0,92
Total N (%) 0,049
Available P (mg kg™ 10,52
Exchangeable K (cmol kg™) 0,140
Exchangeable Ca (cmol kg™) 19,40
Exchangeable Mg (cmol kg™) 1,44
Exchangeable Na (cmol kg™) 0,16
Available Fe (mg kg™) 9,21
Available Zn (mg kg™) 1,70
Available Mn (mg kg™) 7,11
Available Cu (mg kg™) 1,10
Table 2 Analytical compositions of the organic materials.

SBP AP CGW
Organic matter (%) 96,95 98,05 81,22
Ash (%) 3,05 1,95 18,78
Moisture (%) 483 436 7
Organic carbon (%) 56,36 57,0 47,21
C/N 39,88 84,82 14,23
pH (H,0) 3,98 3,84 5,96
EC (dSm™) 0,52 0,37 1,15
Total N (%) 1,413 0,672 3,317
P (%) 0,083 0,079 0,416
K (%) 0,364 0,696 1,371
Ca (%) 0,527 0,236 0,477
Mg (%) 0,323 0,065 0,298
Na (%) 0,119 0,035 0,033
Fe (mg kg") 481,9 171,53 380.,9
Zn (mg kg™ 14,2 10,4 40,8
Mn (mg kg™ 61,5 7,2 25,4
Cu (mg kg™) 8,3 10,7 10,1
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2.2. Methods

This study is consisted of two different stages. The first stage consists of 6 months incubation
period (1* sample period). Second stage consists of other 6 months plus 8 weeks bean (Phaseolus
vulgaris L.) vegetation period (2" sample period). End of the first and second stages, soil samples
were collected and the effects of agricultural waste amendments on SOC and CEC determined.

The experiment was carried out in a completely randomized plot design with five replications
under greenhouse conditions as a pot experiment. Soil samples were sieved with a 4—-mm sieve
after being air dried and then 10 kg soil were placed in each pot. On a dry weight basis, three levels
of organic materials (10, 20 and 40 t ha™') were mixed as fresh materials to soil (Table 3) and then
incubated for fourteen months. During the incubation period, soil moisture level in the pots
approximately was maintained 70% of field capacity.

Table 3 Amendment rates of agricultural wastes in the experiment.

Amendments Doses Dry_ lw cight Freﬂl weight
t ha t ha
Control 0 0
Sugar Beet Pulp Dosel 10 58,3
(SBP) Dose2 20 116,6
Dose3 40 233,2
Control 0 0
Apple Pomace Dosel 1000 53,6
(AP) Dose2 2000 107,2
Dose3 4000 2144
Control 0 0
Cotton Gin Waste Dosel 1000 10,7
(CGW) Dose2 2000 214
Dose3 4000 42.8

The pipette method was used for texture analysis (Baver, 1966). Soil field capacity and wilting
point was measured by using pressure membrane (Demiralay, 1993) and bulk density was
measured using the cylinder method (Black, 1965). Soil pH was measured in a 1:2.5 (soil: water)
aqueous extract (Jackson, 1967) and the soluble total salt was calculated in the saturation extract set
out by Bower and Wilcox (1965). Organic matter was determined using the modified Walkey—
Black method (Black, 1965) and SOC was calculated by divided the organic matter values with
1.72 (Nelson and Sommers, 1982). Calcium carbonate (CaCOs) content of soil was measured with
a Scheibler calcimeter (Caglar, 1949). Exchangeable Na", K*, Ca®" and Mg®" were determined by
extraction with 1N ammonium acetate (CH;COONH,), and measured with an atomic absorption
spectrophotometer (US Salinity Laboratory Staff, 1954). Cation exchange capacity (CEC) was
measured using 1N ammonium acetate (CH;COONH,4) method (Chapman and Pratt, 1961). Base
saturation was calculated by exchangeable bases (Na®, K, Ca®" and Mg”") divided by total CEC
value. Extractable P (with NaHCO;) was determined using the Olsen method (Olsen and Sommers,
1982). Extractable Fe**, Zn*", Mn®" and Cu®" were determined using the DTPA extraction method
and the atomic absorption spectrophotometer (Lindsay and Norvell, 1978).

Organic carbon was determined using the modified Walkey—Black method (Black, 1965) and the
organic matter contents of the organic materials were calculated by multiplying the organic carbon
values with 1.72 (Nelson and Sommers, 1982). The pH value of the organic material was measured
in a 1:5 organic matter—water mixture (Anon. 1978). Nitrogen was determined using the modified
Kjeldahl method (Kacar, 1972). The phosphorus content of the organic materials was determined
using the phosphor vanado molibdo phosphoric yellow color in the filtrate method attained from
nitric—perchloric acid mixture and the wet oxidation method (Kacar and Kovanci, 1982). The
amounts of macro— and micro—elements (K*, Ca*", Mg®, Fe*", Zn*", Mn*" and Cu®*") were
measured using the atomic absorption spectrophotometer which was obtained in the filtrate after
wet oxidation (Kacar, 1972).
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One-way Analysis of Variance (ANOVA) was used to compare the effects of different sources of
organic materials on soil bulk density. Variables for which significant treatment effects were found
and were characterized further using LSD procedure mean at P < 0.05 (Anon., 1995).

3. Results and Discussion

The effect of Sugar Beet Pulp (SBP), Apple Pomace (AP) and Cotton Gin Waste (CGW)
amendments on soil organic carbon (SOC) was detected after the incubation period (Table 4). The
SBP increased the SOC (P < 0.001) compared to the control treatment in the both stage. The
highest value was obtained from the SBP; (0.81%) in the first period. The highest value was
obtained from the SBP;, SBP, and SBP; (1.15, 1.07 and 1.05%) in the second period, respectively,
but amendment rates of wastes were found to be similar. The SBP increased the SOC (P < 0.001)
compared to the between first and second period. The mean SOC value was higher in the second
period (1.05%) than first period (% 0.69).

Table 4 Effect of organic waste amendments on SOC content (%)."

SOC
Amendments period 1 B
SBP, 0,61¢” 0,94b
SBP, 0,66b 1,05a
SBP, 0.67b 1,07a
SBP; 0,81a 1,15a
Mean 0,69 1,05
LSD Amendment. (%5)3 *kokk Sk
LSD Period. (%5) sk sk
APy 0,61¢ 0,94¢
APy 0,63b 1L11b
AP, 0,70b 1,12b
AP 0,82a 1,37a
Mean 0,69 1,14
LSD Amendment. (%5) *okok RO
LSD Period. (%5) Hsksk
CGWo 0,61c 0,94¢
CGW, 0,72b 1,10b
CGW, 0,74b 1,18ab
CGW; 0,93a 1,29a
Mean 0,75 1,13
LSD Amendment. (%5) *kok OROR
LSD Period. (%5) *skok

"Values of n = 5.
? The difference between values not shown with the same letter are significant at a P < 0.05 level.
? Significance, *** Significant at P < 0.001.

The effect of AP on SOC was significant (P < 0.001) and SOC increased with AP amendment in
the both period (Table 4). The highest value was obtained from the AP; in the first period (0.82%)
and second period (1.37%), respectively. The AP increased the SOC (P < 0.001) compared to the
between first and second period. The mean SOC value was higher in the second period (1.14%)
than first period (% 0.69). Similarly, the effect of CGW on SOC was significant (P < 0.001), and
SOC increased with CGW amendment in the both period (Table 4). The highest value was obtained
from the CGWj; in the first period (0.93%) and second period (1.29%), respectively. The CGW
increased the SOC compared to the between first and second period. The mean SOC value was
higher in the second period (1.13%) than first period (% 0.75).

The effect of three agricultural waste amendments on soil CEC was not significant at the both
period (Table 5). But, soil CEC value was increased (P < 0.001) by the agricultural waste
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amendments compared to between the first and second period. The mean CEC value was higher in
the second period (15.42 cmol kg™) than first period (% 12.26 cmol kg') with the SBP. The mean
CEC value was higher in the second period (15.03 cmol kg™') than first period (12.06 cmol kg™)
with the AP. The mean CEC value was higher in the second period (15.48 cmol kg™) than first
period (12.08 cmol kg™) with the CGW.

Table 5 Effect of agricultural waste amendments on CEC of soil (cmol kg™).!

CEC
Amendments Period I Period I1
SBP, 12,27 14,77
SBP; 11,82 15,98
SBP, 12,27 15,64
SBP; 12,69 15,30
Mean’ 12,26 15,42
LSD Amendment (%5)2 ns ns
LSD Period (%5) *okk
AP, 12,27 14,77
AP, 12,48 15,19
AP, 11,71 15,24
AP, 11,81 14,95
Mean 12,06 15,03
LSD Amendment (%5) ns ns
LSD Period (%5) *okk
CGW, 12,27 14,77
CGW, 12,13 14,83
CGW, 11,44 15,97
CGW; 12,52 16,36
Mean 12,08 15,48
LSD Amendment (%5) ns ns
LSD Period (%5) *okk

" Values of n = 5.
? Significance: ns, not significant ***, Significant at P < 0.001.

As results, differences in CEC of soil were related to incubation period. Bulluck et al. (2002) have
stated that mean total C and CEC were higher in plots with the cotton gin trash amendments
compared to synthetic fertilizers after 2 years. Soil CEC value increased from 6.05 to 7.97 cmol kg’
! and total C increased from 1.17 to 1.90% with the amendment. Most studies show a linear
correlation between SOC and CEC. Loveland and Webb (2003) reported that CEC values for
agricultural soils can range from 2-50 cmol kg™ and values of around <4 cmol kg™ are common in
sandy soils. The effect of cotton gin trash, poultry manure, green manure and synthetic fertilizer
amendment on soil CEC were investigated in 2001 and 2002. Levels of soil CEC was all
significantly higher in soils amended with cotton gin trash than poultry manure, green manure or
synthetic fertilizer. CEC value of soil increased from 3.63 to 6.58 meq 100 cm™ in 2001, and 7.20
meq 100 cm™ in 2002 (Liua et al. 2007). In another experiment, Surekha et al. (2003) have reported
that soil CEC value increased from 22.6 cmol kg™ to 25.1 cmol kg™ after the amendment rice husk.

4. Conclusion

As regards the results of the statistical analysis of SOC, there were significant differences between
the organic treatments and the control. All amendments increased SOC in the incubation period
(especially second period), and OC content of soil has been reach to satisfactory level from very
low C content level by the amendments. Differences in OC content of soil were related to amount
of the organic material added. Increasing doses of agricultural waste amendment and incubation
period had a significant effect on SOC in the experiment. According to the results of the CEC,
there were not significant differences between the organic treatments and the control, but there
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were significant differences between incubation periods. Differences in CEC of soil were related to
presence of more humified organic matter linked to incubation period and higher CEC of humic
substances. Numerous studies have demonstrated that composts produced from a wide variety of
organic materials can improve soil physical, chemical, and biological properties (Brosius, et al.,
1998). Therefore, we recommended that used agricultural wastes in experiment may use as
compost for the short duration of the waste amendment effects on SOC and CEC.
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Abstract

This research was carried out in order to determine the relationships between water and yield of cotton by the
type of Nazilli-84 in 2002-2003. In this research, it was used a line-source sprinkler system and irrigated 4
times on the basis lack of soil moisture. It was used the decrease in the amount of water thrown the title away
from the sprinkler at the creation of irrigation treatments. 100, 75, 50, 25 % of the deficient moisture in the
soil were applied as irrigation water and also investigated without water treatments. The effect of amount of
irrigation water on seed cotton yields was determined at the level of error 0,01 by the statistical analyses in
both years. The highest yield were obtained when the missing of soil moisture was 75 %. At this issue,
linttseed cotton yield were obtained as 453 and 463 kg/da, the amount of irrigation water were obtained as
343 mm and 354 mm and the amount of water consumption were obtained as 492 mm and 456 mm in 2002
and 2003.

Keywords: Cotton, irrigation, yield, sprinkler, line source

Introduction

Nowadays, one of the most important issues faced by countries is the increase of demand on
agricultural products in the line with population growth and depending on this, the increase of
water requirement. While drinking and using water demand is increasing for urban and industrial
sector, water resources used for agricultural purposes will decrease. In this case, the efficiency of
water and land usage should be increased for higher production. To achieve this, irrigation methods
have to turn optimum usage of water and soil resources. The way of using resources effectively is
possible by to know current usage to determine bottlenecks and to solve them. Therefore it is
necessary to use the methods, that would gain optimum benefit from irrigation water, which is very
important input in agricultural production. There are several ways to provide the optimum benefit
from irrigation water. These are methods and systems which make irrigation water to be used in a
controlled manner. But, while these methods and systems are decreasing water loss or water
consumption, shouldn’t cause an essential decrease in yield. Today, it is known that sprinkler
irrigation method is one of the methods which provide this condition. Giving water to plant root
zone by this method provides minimum loss of evaporation and leakage and also low water tension
in the root zone provides less plant stress.

Because amount of applied water in sprinkler irrigation is controlled, surface flow and losses
decrease, water consumption and efficiency increase, the yield of product increases corresponding
to the unit of water.

There are some researches about cotton irrigation in turkey and other countries. According to
Yalcuk and Ozkara (1984), it’s determined that the yield doesn’t decrease with the deficit of 40%
in irrigation which applied to witnessed treatment. Ozkara and Sahin (1993) determined that
harvest delayed when amount of irrigation water increased. The maximum cotton lint+seed yields,
in research done by fixed and mobile sprinkler system, are obtained from the treatments which pan
evaporation is used as irrigation water by 100% and 75% (Sener, 1995). Kanber et al. (1996)
researched different operating systems and performance of furrow irrigation in free draining and
ponding furrows in Harran Plain condition. Kara(1998) has compared line and point-source
sprinkler techniques, which used to obtain crop water production functions for the irrigation of
second product soybean. Kara and Gunduz (1998) identified that the beginning of flowering and
cocoon formation periods are the most sensitive development periods of water in their study, which
they researched the deficit irrigation effects on cotton yield in Harran Plain condition. Gunduz and
Korkmaz (2007) reported that the first irrigation date of cotton is in the first half of July, the last
date of cotton irrigation is in the end of August and approximately cotton should be irrigated 17
days apart and four times in Menemen Plain.
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This study was carried out to determine water-yield relationship of cotton by using the line-source
sprinkler system.

Materials and Methods

The research was carried out at the land of UTAEM in 2002-2003. Menemen Plain is 33545 ha and
its altitude is 10.3 m. Menemen Plain is dominated by Mediterranean climate, summers are hot and
dry, winters are mild and rainy. According to the avarage climate data for many years, total annual
rainfall were measured as 628-561 mm and the average relative humidity were measured as 69-
57% in the years while the research carried out (2002 and 2003). The soil type of research area is
loam and some physical, chemical properties of soil are given in Table 1. The electrical
conductivity of irrigation water is 1.01 dS m" which was carried out with the cotton type of
Nazilli-84 in the research.

Table 1. Some physical and chemical properties of soil

Soil Field Wilting Volume Organic
. ) . EC CaCOs

depth  Texture capacity point weight (dS m™) (%) matter pH

(cm) (Pu%)  (PW%)  (gem) ° (%)

0-20 L 24.4 12.2 1.31 0.78 4.1 1.4 7.6
20-40 L 233 11.8 1.37 1.18 4.5 1.3 7.5
40-60 SiL 25.2 13.2 1.42 1.11 6.4 1.1 7.8
60-80 L 25.9 13.4 1.30 0.99 6.8 0.9 7.7
80-100 L 24.5 13.2 1.30 1.08 6.6 0.7 7.6

The arrangement of the line-sources sprinkler system is practiced on, which were specified
the principles by Hanks et al. (1976), Watts et al. (1979) and Kanber et al. (1996). In this system
the applied water content is reduced while the line is getting away from the source. It is called
“‘line-source’” due to the creation of linear source of irrigation water in the distribution. In this
study, sprinkler heads were used which had 4.5 x 4.8 mm double nozzle, 2 atm pressure 1.96 m’h™
flow rate and 13 m throwing distance. Water collection containers were used, which were placed
around the 2X2 m apart of the sprinkler heads and sprinkler testing was performed while the wind
speeds were low. According to single sprinkler head test, it is determined that the water distribution
was decreased linearly from sprinkler to the periphery on the conditions of 95% uniformity of
water distribution and 2 atm operating pressure (R’=0.965). 1t is obtained that irrigation levels was
decreased while getting away from the line source. The determination of harvest area of the parcels
was based on the irrigation levels. The general planning of the line source sprinkler system has
shown in Figure 1. The water collection containers were placed in all parcels and were provided
them at plant height in the irrigation times.

Treatments ;

Ii: Moisture will be enough to lift water field capacity at 0-100 cm depth

L: The Treatment of 75% of water applied as irrigation water given to treatment I;
I3: Treatment of 50% of water applied as irrigation water given to treatment I

| PH Treatments of 25% of water applied as irrigation water given to treatment I,

Is: No irrigation
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Figure 1. Details of line source sprinkler system (no scale)

Soil samples were taken at the depths of 0-20, 20-40, 40-60, 60-80 and 80-100 cm. And the
physical analysis such as the field capacity, wilting point, bulk density, soil texture and the
chemical analysis such as soil reaction, electrical conductivity, organic matter, phosphorus,
potassium, were analyzed according to given methods. Irrigations were started in mid-July and
approximately there were 4 irrigations 15 days apart. The irrigation water was applied to treatment
I, as favorable moisture will be enough to lift water field capacity at 0-100 cm depth every
irrigation (Gunduz and Korkmaz, 2009). Irrigation water which will be given other issues was
identified by treatments. Irrigation was continued until the end of August. The amount of irrigation
water and soil moisture values were measured in all parcels. The amount of irrigation water, which
was identified on treatment I, has been fallowed from water collection containers during the
irrigation periods. The amount of irrigation water, which were applied to other treatments, were
measured from the water collection containers after each irrigation. Plant water consumptions were
calculated by the water balance equation for the 0-100 cm of soil depth.

ET= I+P+ASW-D,-R¢

ET : Evaporation (mm)
I : Irrigation water (mm)
P : Precipitation rainfall (mm)

ASW  : Soil-water content change (mm)
D, : Deep percolation (mm)
R¢ : Runoff (mm)

The research area was plowed in fall every year. After the necessary fertilizers were applied, when
the soil conditions were suitable in spring, soil tillage was done by duplexing and was harrowed.
The fertilizer grades were determined according to analysis of soil samples, which were taken in
January. The sowing was done after the soil preparation in the spring as row spacing was 70 cm. in
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May. Hand hoe and dilution are made after the completion of cotton outputs. Then hoe was done
by hoe machine according to the plant development.

Trial treatment’s accumulated water consumption was calculated according to the method of
moisture reduction (Beyce and Madanoglu, 1978).

Duncan test and analysis of variance were applied to results of cotton yields and results of analysis
(Yurtsever, 1984).

Results and Discussion

Amount of applied irrigation water, water consumption and obtained seed cotton yield are given in
Table 2. Except treatment Is, which was anhydrous treatment, in 2002 110-518 mm of irrigation
water were applied and in 2003 119-494 mm of irrigation water were applied. Water consumption,
depended on applied irrigation water, was 220 mm on treatment Is in 2002, 655 mm on treatment
I;. The seed cotton yields, which was obtained in this research were 253-453 kg/da in 2002 and
256-463 kg/da in 2003. The highest yield of cotton seed has been obtained from the treatment I, in
both years.

The statistical analysis of the obtained seed cotton yield in both years of the research conducted
was noticed at 0.01 error. 2 different groups were consisted on Duncan Test. Treatment I, I; and I;
were in the first group and treatment I, and I5 were in the second group (Table2,3).

Table 2. Seasonal irrigation water, water consumption, yield and Duncan groups

2002 2003
Treatment  Direction  Irrigation Water cons.,  Yield Irrigation Water cons.,  Yield
water, mm mm kg/da water, mm mm kg/da
I N 517 650 416 491 581 443
S 520 660 425 497 584 452
Avr. 518 655 421 a 494 582 447 a
L N 333 481 447 340 443 457
S 354 503 459 367 468 469
Avr. 343 492 453 a 354 456 463 a
I3 N 209 362 414 236 339 425
S 190 345 419 207 313 417
Avr. 199 354 417 a 222 326 421 a
I N 122 287 300 127 252 324
S 97 261 315 111 235 291
Avr. 110 274 308 b 119 243 308 b
Is - N 0 220 256 0 172 265
No irrigation S 0 220 249 0 172 247
Avr. 0 220 253 b 0 172 256 b

Table 3. The results of the statistical analysis of seed cotton yield

SV DOF 2002 lint+seed cotton 2003 lint+seed cotton yield Table F
yield
MS F MS F 0.05 0.01
Repetition 2 445 282 1922 2,42 19,00 99,00
Direction 1 354 224 449 0,57 18,51 98,50
Water 4 43826 125,38 ** 50517 107,20 ** 3,01 4,77
Direction *Water 4 110 0,31 520 1,10 3,01 4,77
Error 16 350 471
Total 29 6307 7502

** . 0.01 error

The amount of applied irrigation water was decreased further from the source. There is a
relationship between the applied irrigation water and the distance as y=-55,012 x + 602,94 and it’s
shown in figure 2.
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500 - vy =-55012x + 602,94
R*=0.984

Irrigation water, mm
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Figure 2. The relationship between the distance from the source and amount of irrigation water

The water consumption and the yields of the treatments were determined in the research’s years.
The seasonal yield response factor, ky= 0,79, was determined using the relationship between the
treatments relative water consumption’s decrease and relative yield’s decrease, was calculated
(Figure 3).

1.000 0.750 0,500 0.250 0.000

1-ETa/ETm

0.000

F 0.250

1-Ya/Ym

F 0.500

Ky = 0,79

F 0.750

1,000

Figure 3. Relationship between relative decrease in water consumption and decrease in yield
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Abstract

A laboratory incubation experiment was conducted to examine the effects of difference concentration of
some common pesticides on nitrification and ammonia losses in different textured soil. In this study to
determinate the rate of recovery NH;", NO; and NO,  100g of air derided soil were placed in 250 screwed
conical flask and 37mg (NH,),SO, (100ppm NH,) added, then treated with the solution of pesticides of
(0,1,2,3L.donum™,0,3,5,7 L.donum™and 0,05.2,0.5, 1.0 Kg.donum™) for herbicide (Fusillade supper),
insecticide(Atrazin) and fungicide(Brasamid) respectively, about 10ml of each pesticides concentration were
applied to sandy laom ,silty laom and slity clay textured soil. The experiment arranged in completely
randomized design with three replication. The results indicate that the higher values of recovery NHy, NO,
NH; loses and lower NOs of 19.79 ,4.201,3.95 and 68.659 p.g”' were observed in silty clay texture soil
.However, the result show that most of these pesticides partially decrease the nitrification particularly
fungicides, when applied at the rate higher than recommended dosage.

Key words: Nitrification , Pesticides and Soil texture

Introduction

Pesticides are used in a number of human activates to be able to maintain production efficiency.
There is a constant demand for a stable crop production in order to support the growing human
population and the future usage of pesticides can therefore be expected to increase .Most
agriculture are designed to effect only a specific target organism group or processes, but many of
them have general toxic effects. The undesired effects that can arise as these substances are
transported to surface and ground water. Pesticides are often spread in low concentration over
along period time, some are relatively immobile thus deposit in soil .However ,shortly after
application, pesticides will leave the application site in dissolved form, hydrophobic pesticides or
pesticides with strong ion exchange to clay minerals might also enter the surface run off associated
to suspended particles(Kreuger et al.,1999) .Soil microbial response to pesticides have been
recommended as nearly warning indicator of ecosystem stress, because of the quick response to
changes in environmental condition. One process of considerable ecological importance is
nitrification. In most agricultural soils, ammonium (NH,") from fertilizer is quickly converted to
nitrate (NO;3) by the process of nitrification. This process is crucial to the efficiency of N
fertilizers and their impact on the environment, because the net effect is a conversion of fertilizer
N from a form that is not normally subject to loss from soil (NH,") into a form that is readily lost
by leaching or denitrification NO;3". (Mclnnes and Fillery, 1982., Jan etal.,2009). Nitrification
occurs in two steps: NH," is first converted to nitrite (NO,"), and the NO,  is then converted to
NO;". Both reactions are carried out by bacteria present in the soil. Nitrifying bacteria are
chemoautotrophic, in that they produce energy by chemical oxidation of NH," or NO, and utilize
CO, as a source of C. Different groups of bacteria are responsible for the two steps involved in
nitrification. The NH, -oxidizing bacteria include species from five genera, the most common
being Nitrosomonas, the NO,--oxidizing bacteria all belong to the genus, Nitrobacter. Because
there are only a few species of nitrifying bacteria, nitrification is much more sensitive to
environmental conditions than are most other N transformations, which are carried out by a more
diverse group of microorganisms (Martikainen,1985). The effect of pesticides on nitrification and
number of microorganism depending up on their concentration , rate an d period of application. A
study was conducted by Luigi et al,(1996) to investigate the influence of the herbicides bentazon
applied at 10 and 100 ppm on soil microbial community .Their results indicate that the higher
dosages of bentazon markedly inhibited the nitrification. Investigation carried out by Sebiomo et
al.,(2011) to study the effect of four herbicides (atrazine , primeextra, paraquat and glyphosate )
onsoil microbial population, soil organic matter and dehydrogenase activity was assessed over a
period of six weeks. They concluded that herbicides treatment resulted in asignificant drop in
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dehtdrogenase activity when compared to control treatments A studies were initiated to
comparison the effect of 10 mg .kg" soil of benlate ,captan, and lime sulfur fungicides with the
nitrification inhibitors nitrapyrin and terrazole on oxidation of NH;" in loamy sand soil, the result
showed that the captan inhibited nitrification 21% more than lime-sulfur.(Somda et al., 1991). A
laboratory experiments were conducted to study the effect of thimet ,bavistin and diuron on
mineralization of urea in some soil of Karnataka , the results of these experiments indicate that the
Thimet (phorate), bavistin(carbendazin), and diuron at 10-100ppm inhibited nitrification but no
ammonification, the inhibition of nitrification increase with increasing pesticides concentration
,also same study show that nitrification rate was faster in black soils followed by laterite saline
soil.(Sarawad,1987). In an incubation experiment revealed result that the nitrification process was
inhibited by atrazine application and the inhibition increased wuth increases the concentration
to150ppm and the nitrification rate was of the order neutral soil > acid soil>saline soil. Laboratory
experiment was carried out to study the effect of some fungicides on leaf litter decomposition in
microcosms ,their result refer to that the both fungicides benomyl and diazinon reduce nitrification
at higher concentration of 110 and 400u.g” for both fungicides respectively(Vink et al., 1999).
The rate of nitrification increases with soil temperature up to about 35°C ; below 5°C very little
NOj5' is formed. Soil pH is also important. Below a pH of 6.0, nitrification is inhibited by acidity,
and the process virtually ceases at a pH of 4.5 to 5.0. Under alkaline conditions, production of
NOj is markedly enhanced. The optimum pH is normally between 7.0 and 8.0(Kinsbursky and
Saltzman, 1990; Ibrahim et al., 1995), this range of pH is close to Iraqi Kurdistan soil range,
although nitrification in agricultural soils has been studied, most of the studies have been
conducted to investigate the effect of some environmental factors such as temperature, relative
humidity and soil moisture content, but a few study carried out to examine the effect of pesticides
on nitrification in soil of Kurdistan region. Thus, the objectives of this study were: (i) to evaluate
the rate of NO; and NO, product from different soil through nitrification; and (ii) to determine
whether the effect of different concentration of some common pesticides on nitrification.

Materials and Methods

The soils used were surface (0-30 cm) samples originated from aski-kalak, fields trail of grdarasha
and center of agriculture research in Erbil. The samples were sieved 2mm screen, Then analysis to
determination some physical, chemical, and biological properties according to methods described
by Black (1965) and Allen (1974) Table (1). To determinate the rate of recovery NH,", NO;™ and
NO, 100g of air derided soil were placed in 250 screwed conical flask and 37mg (NH,4),SO4
(100ppm NH,) added ,then treated with the solution of pesticides of (0,1,2,3L.d0num’1,0,3,5,7
L.donum™and 0,05.2,0.5, 1.0 Kg.donum™) for herbicide (Fusillade supper), insecticide(Atrazin)
and fungicide(Brasamid) respectively, about 10ml of each pesticides concentration. Additional
water was applied to achieve a soil moisture content equivalent to 60% of the water-holding
capacity, Sml of boric acid indicator solution added to test tube , the test tube putted inside the
conical flask and the conical flask was capped and placed in an incubator maintained at 25°C.
Measurement of ammonia volatilization loss was carried out daily according to method described
by Black et al.,(1985). The ammonia evolved was trapped in boric acid ( the color change from red
to green) and determined by titration with standard H,SO4 0.0IN. After 30 days triplicate flask
were removed from the incubator, 100 ml of 2 M KCI adding to each flask. The KCI Soil solution
was extracted by shaking for 1 h and filtering the resulting suspension under vacuum. The soil
extract was analyzed for NH,-N by indophenol blue method ( Allen, 1974),while NOs
determined by UV spectrophotometer method as described by Richard et al.,(1985),where as NO,
estimated by colorimetric procedures (Mulvaney and Bremner, 1979 ; Keeney and Nelson, 1982 ).
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Table (1) some physical, chemical and biological properties of soils under study

Soil proprties Iski-Kalak soil Grdarash soil Erbil agrlculture‘
research center soil

PSD g.Kg' Sand 700 187 51

Silt 230 646 590

Caly 70 167 409
Textural name Sandy Loam Silty Loam Silty Clay
pH 7.55 7.73 7.90
ECe dSm’' 0.22 0.54 0.63
Nitare mg kg™ 32 2.5 43
Ammonia mg kg™ 0.43 1.1 1.8
Organic matter g.kg™ 54 8.11 11.3
Available phosphorus mg kg 1.45 3.2 4.0
Total count of bacteria g™ soil 102*10" 146*10° 189%10°
Total count of fungi g 'soil 25%10° 62*10° 88*10°

Statistical analysis

The experiment was designed in completely randomized design with three replications, factorial
CRD. The experimental data were analyzed by using SPSS program and differences between the
treatment means were separated by LSD test. (Steel and Torrie, 1969).

Results and Discussion

In the nitrogen cycle of the soil, nitrate has a central position since it is the most bioavailable
nitrogen for plants. Nitrification is attest suitable for assessing the side effect of pesticides on soil
non-target organisms because of its sensitivity and the agronomic significance of this process. The
data in table (2) show the nitrification rate decreased from light soil texture to heavy soil in texture
the higher value of accumulated nitrate was found in sandy loam texture compared to other soil
texture, the reason may be due to the fact that the sands increase the size of space between
particles, thus facilitating the movement of air and drained water, it means that sandy loam soil
supply adequate oxygen to meet the requirements of nitrifies microorganisms and stimulate. As
well as the result in the same table indicated that the volatilized ammonia is higher in silty clay
soil compared to other soil texture which attained 3.95 p g, this may be due to the effect of soil
pH (7.9) because all study refer to present the positive relationship between ammonia
volatilization and soil pH. These results agree with those reported by Rolecke et al., (1996). They
reported that the ammonia volatilization increased with increasing g the soil pH. The data obtained
with the pesticides and their concentration are reported in table(2) .They show that most of these
pesticides partially decrease the nitrification particularly fungicides, when applied at the rate
higher than recommended dosage , the drop of nitrification at higher concentration of pesticides in
the present study , however , could be the result of a toxic response or it is possible that application
of fungicides may result in more disturbed microbial equilibrium than that in herbicides and
insecticides application .
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Table (2): Effect of soil texture, pesticides and their concentration on the ammonium, volatilized
ammonia, Nitrate and Nitrite.

Treatments NH,p g’ NH;p g’ NO,pu g NO;p g’

S 15.85 3.170 3.420 73.867
S, 15.52 3.100 3.355 74.301
N 19.76 3.950 4.201 68.659

LSD(0.01) 1.35 0.17 0.21 1.14
P, 13.47 2.695 2.945 77.034
P, 14.65 2.929 3.179 75.472
P; 23.01 4.602 4.852 64.320

LSD(0.01) 1.35 0.17 0.21 1.14
Co 5.17 1.033 1.283 88.111
(O] 17.06 3.413 3.663 72.248
C, 18.94 3.788 4.038 69.748
GC; 27.00 5.401 5.651 58.995

LSD(0.01) 1.56 0.20 0.34 1.31

S,;=Sandy loam, S,= Silty loam, S;= Silty clay
P,=Herbicides(L.donum™), P,=Insecticides(L.donum™), Ps=Fungicides (Kg.donum™)

Pesticides Herbicides Insecticides Fungicides
C=Concentration Cj- 0 0 0
Ci- 1 3 0.25
C,- 2 5 0.50
Cs- 3 7 1.00

The data in table (3) and figure (1) revealed that the a pesticides and their concentration have a
significant effect on nitrification in different soil texture. Addition of pesticides in higher
concentration particularly fungicide to the soils resulted in a lower increase in nitrate production
compared to the same soil when pesticides was not added or added in low concentration and
recommended rate. The decrease in the ammonium concentration in the presence of the pesticides
resulted in large part from volatilization and fixation due to soil reaction and other soil properties.
The higher value of recovery NHy , NH; and NO, was recorded from silty loam soil which
received 1.0kg.Donum™ of fungicides, it was attained ( 43.47, 8.60 and 8.50 u g ),while the
higher value of NO5 (91.44 1 g™ was produced in silty clay soil which is not treated by pesticides.
This result could be explained on the ground that the heavy soil due to its increase area of surface
exposed to solution their particles have the capacity to hold pesticides and other compound also
microorganism attract to these area, by this way the present of pesticides in higher concentration
may decreases the activity and number of microorganisms in soil , however , heavy soil not only
have the capacity to attract and hold nutrients and compounds on their surface , but the also hold
much more water may causes too much water holding capacity and not enough aeration .
Moreover, it is appear from figure (1) the pesticides with higher concentration significantly
decrease the nitrification particularly the fungicides , the inhibitory effect of pesticides may be due
to their toxic effect , as well as the results in the same figures suggested that the rate of
nitrification decrease with increasing the pesticides concentration , this result may be due to that
the higher concentration contributed in disrupted the microorganisms metabolism , then decrease
their growth and number.
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Table(3):Combination effect of soil texture ,pesticides and their concentration on the
concentration of ammonium, volatilized ammonia, Nitrate and Nitrite .

Treatments NH4 p g'1 NH; p g'I NO, u g'1 NO; u g'1
S1P1Co 5.37 1.07 1.32 87.84
S;P,Co 2.67 0.53 0.78 91.44
S1P,Co 5.37 1.07 1.32 87.84
S2P,Co 7.47 1.49 1.74 85.04
S3P,Co 2.67 0.53 0.78 91.44
S1P3Co 5.37 1.07 1.32 87.84
S,P3Co 7.47 1.49 1.74 85.04
S3P3Co 2.67 0.53 0.78 91.44
SiP,Cy 11.03 2.21 2.46 80.29
S,P,Cy 11.37 2.27 2.52 79.84
SsP,C,y 30.30 6.06 6.31 54.60
S1P,C,y 17.13 3.43 3.68 72.16
S,P,C, 8.62 1.72 1.97 83.51
S;P,Cy 11.27 2.25 2.50 79.98
S1P;C,y 16.53 3.31 3.56 72.96
S,P;C, 16.18 3.24 3.49 73.42
S3P3C, 31.13 6.23 6.48 53.49
SiP,C, 14.10 2.82 3.07 76.20
S,P1C, 9.25 1.85 2.10 82.67
S3P1C; 13.73 2.75 3.00 76.69
S1P,C, 20.40 4.08 4.33 67.80
S,P,C, 11.53 2.31 2.56 79.62
S3P,C, 17.13 3.43 3.68 72.16
S1P;C, 21.97 4.39 4.64 65.71
S,P5C, 26.00 5.20 5.45 60.33
S;P5C, 36.33 7.27 7.52 46.56
S\PCs 23.67 4.73 4.98 63.44
S,P,Cs 11.57 2.31 2.56 79.58
S;P1C; 21.17 4.23 4.48 66.78
S1P,Cs 24.93 4.99 5.24 61.76
S,P,Cs 25.90 5.18 543 60.47
S;P,C; 23.33 4.67 4.92 63.89
S1P3C; 24.33 4.87 5.12 62.56
S,P3Cs 43.47 8.60 8.50 37.04

L.S.D(0.01) 4.68 0.59 0.65 3.94
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Abstract

The application of sewage sludge on agricultural soils has been widespread in many countries around the
world. Although sewage sludge contains valuable nutrients, it also contains various toxins, especially heavy
metals that can transfer shallow groundwater systems through leaching. The purpose of this study is to assess
possible contamination of the Tehran shallow groundwater system with heavy metals under through plot
study. For this purpose, four experimental plots were filled with collected soil from Varamin plain. The plots
were irrigated with four different kind regimes.  After irrigation, the soil samples were taken at 5 cm
intervals up to 60 cm from each plot and Cd, Ni, and Pb concentrations in each sample were measured by
atomic absorption spectrophotometer. Results showed that the metals accumulated in surface layer of the
soils or they had low vertical movement that this property is related to their high sorption capacity by soil.
The accumulation of pollutants within the first 18 cm of the 4 plots showed that accumulation percentages for
different plots of soil were 66 to 90%. Therefore, pollution of this area groundwater by these metals is
unlikely.

Keywords: Heavy metals; Sewage sludge; Irrigation; Movement; Soil profiles

Introduction

Increasing urbanization and industrialization have resulted in a drastic increase in the volume of
wastewater produced worldwide. One way of sludge disposal is its application on land. The
application of sewage sludge on agricultural soils has been widespread in many countries around
the world also in Iran, and this has been shown to improve soil properties such as soil organic
matter, nutrients, porosity, aggregate stability, bulk density, and water retention and as a result, to
increase plant productivity. In the European community, over 30% of sewage sludge is used as
fertilizer in agriculture. For example in UK, Gove et al. (2001, 2002) reported increasing use of
enhanced treated sewage sludge in agriculture. However, although sewage sludge contains valuable
nutrients, it also contains various toxins, especially heavy metals that have excessive use in
industrial applications. Heavy metals are very harmful because of their non-biodegradable nature,
long biological half-lives and their potential to accumulate in different body parts. Even low
concentrations of heavy metals are toxic because there is no good mechanism for their elimination
from the body. Excessive accumulation of heavy metals in agricultural soils through wastewater
irrigation, may not only result in soil contamination, but also lead to elevated heavy metal uptake
by crops, and thus affect food quality and safety. In addition, there is also the possibility of transfer
of these metals into environmental media, most especially shallow groundwater systems through
leaching. Metal transfer from sewage sludge to soil and subsequently to groundwater represents
one of the most critical long-term hazards associated with the application of these wastes to soils
(McBride et al., 1997). However, research carried out on the potential migration of heavy metals in
sewage sludge-amended soils shows controversial results. The authors of some studies showed that
heavy metals migration in soils is practically insignificant as metals remain at the site of input
(Welch and Lund, 1987; Dowdy et al., 1991). This is consistent with the poorly soluble nature of
heavy metals in most soils, especially basic soils (McLean and Bledsoe, 1992), in which the metals
tend to accumulate at the soil surface and become part of the soil matrix. However, several fiel
trials and column studies (McBride et al., 1999; Ashworth and Alloway, 2004) have demonstrated
migration of metals at depth, and have highlighted the concern regarding groundwater
contamination by these pollutants.Large lands in south of Tehran city (approximately 6900 ha), are
irrigated with treated and untreated wastewater, and with attention to high water table in these
areas, there is a need to assess the possible environmental impacts of such application, from
viewpoint of pollution of this area groundwater, that have increasing concern, both in agricultural
and environmental studies. Based on the above background, the focus of this study is to assess
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possible contamination of the Tehran shallow groundwater system with heavy metals under
through plot study with 4 different irrigation regimes. Three heavy metals were selected in this
study: Cd, Pb, and Ni.

Materials and methods
Soil sampling

Composite soil sample were collected from upper horizon of Varamin plain in south of Tehran (51°
38" t0 51°48 N, 35° 14" t0 35° 11'S). The samples were air dried and passed through a 2mm sieve.
Main soil properties such as pH, electrical conductivity (EC), cation exchange capacity (CEC),
CaCQOj; equivalent, gypsum, organic matter, saturated moisture, and texture were measured in lab
(Black, 1965 and Page, 1965).

Plots preparation

Four experimental plots (2 m * 6 m) were filled with collected soil. The first plot was irrigated with
effluent from Shoush wastewater treatment plant, the second one with sludge and pipe water, the
third plot with simulated wastewater with heavy metals (the concentration of each element in
solution was 10 times concentration of heavy metals in drainages of south of Tehran and equal to
several years irrigation) and the fourth one with sewage sludge and effluent. The sludge was
incorporated into 0-20 cm plow layer before irrigation. After irrigation, the soil samples were taken
at 5 cm intervals up to 60 cm from each plot. Then Cd, Ni, and Pb concentrations in each taken
sample were measured by atomic absorption spectrophotometer (Varian model 200) after the
samples were digested and extracted in HNO3 4N solution.

Results and Discussion

Results of physico-chemical analyses of soil sample showed that texture of soil was loamy; pH,
CEC, PO, ", total nitrogen, calcium carbonate, organic matter, moisture, and porosity were 7.76,
36.62 cmol/Kg, 20 mg/Kg, 1.4 mg/Kg, 12.25%, 36%, 35.8%, and 0.52% respectively.

The distribution in depth of 4 pollutant elements (Ni, Pb, Cr, and Cd) in plots is presented in Fig.
1. This Fig. shows that:

1. Except plot 1 (irrigation with effluent of treatment plant) in other plots, the highest
concentrations were consistently within the first 17 cm, i.e. they had low vertical movement.

2. In plot 1, the highest concentrations was within 5 cm.

3. Below a certain depth (20 cm for plots 1, 2, and 3; and 10 cm for plot 1), the concentration
in pollutant elements reached values similar to those of uncontaminated soils.

4, Nevertheless, the studied elements, showed small but significant accumulations at 20 to 30

cm (except plot 1).
Lower migration of these pollutants in plot 1 in comparison with other plots, is because of their low
concentration in effluent of Shoush plant, that is used for irrigation of plot 1.
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Fig. 1: Depth distribution (mean values) of Ni, Pb, and Cd in the soil profiles

5. Below a certain depth (20 cm for plots 1, 2, and 3; and 10 cm for plot 1), the concentration
in pollutant elements reached values similar to those of uncontaminated soils.

6. Nevertheless, the studied elements, showed small but significant accumulations at 20 to 30
cm (except plot 1).

Lower migration of these pollutants in plot 1 in comparison with other plots, is because of their low
concentration in effluent of Shoush plant, that is used for irrigation of plot 1.

This accumulation of the metals in surface layer of the soils, is related to their high sorption
capacity by soil which is a result of chemical reaction between soil solid phases including silicate
clays, oxides and hydroxides of metals especially Fe and Al, amorphous minerals and also lime and
organic matter and firm bounds with these compounds (Corey et al., 1987 and Emmerich et. al.,
1982). This property accompanying with high rate adsorption of these elements by soil solid
phases, causes their retention in surface layer of the soil. Migration of our studied elements in soil,
is a product of 4 parameters including soil sorption capacity, reaction rate of these elements with
solid phase, water movement rate in soil and their primary concentration. Combined effect of these
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4 parameters, determine distribution of these metals in soil profiles and depth of movement. These
results are consistent with previous observations. For example, Plant and Raiswell (1983)
indicated that under neutral to basic conditions, relative mobility is considered low or very low for
all of the elements. However, movement of these elements is observed in some soils. Soil acidity,
light texture, and structural features such as soil cracks, were important factors in this case
(Alloway, 1990). Also, migration of these elements is observed in soils under lagoons, an area that
huge volume of sludges is disposed. Especially if wastewater contains high chelating agents, these
agents can form soluble complexes with Cd, Pb, and Ni, thereby causing more movement of them
in soil profile.
In Fig. 2, the accumulation of Cd, Pb, and Ni within the first 18 cm of the 4 plots is compared. This
Fig. shows that Ni had the greatest accumulation and the least vertical movement in plot 4. This
Fig. shows that accumulation percentages for different plots of soil were 66 to 90% for different
plots and elements. According to results of this study (low movement of Cd, Pb, and Ni in the plots
and their accumulation in the 18 cm soil depth), it can be concluded that once soil is polluted by
treatment plant effluent or sewage sludge containing Pb, Cd, and Ni in south of Tehran city soils,
these 3 elements tend to accumulating in topsoil quickly and not easily desorbing from the soil, so
they will move downward to groundwater very slowly. Soil acidity, light texture, and structural
features such as soil cracks, were important factors in this case (Alloway, 1990). Also, migration of
these elements is observed in soils under lagoons, an area that huge volume of sludges is disposed.
Especially if wastewater contains high chelating agents, these agents can form soluble complexes
with Cd, Pb, and Ni, thereby causing more movement of them in soil profile.
In Fig. 2, the accumulation of Cd, Pb, and Ni within the the first 18 cm of the 4 plots is compared.
This Fig. shows that Ni had the greatest accumulation and the least vertical movement in plot 4.
This Fig. shows that accumulation percentages for different plots of soil were 66 to 90% for
different plots and elements.
According to results of this study (low movement of Cd, Pb, and Ni in the plots and their
accumulation in the 18 cm soil depth), it can be concluded that once soil is polluted by treatment
plant effluent or sewage sludge containing Pb, Cd, and Ni in south of Tehran city soils, these 3
elements tend to accumulating in topsoil quickly and not easily desorbing from the soil, so they
will move downward to groundwater very slowly. However it did not emphasized on the use of
metals-polluted wastewater for irrigation, but it has been clearly shown that pollution of this area
groundwater by the metals is unlikely. It is obvious that it was tried to control the pollution of
wastewaters with heavy metals. For this purpose, it is essential to recognize and study the pollution
sources of wastewaters. However if the trend of using wastewater at the southern parts of Tehran
will continue, because of the health problems, and reduce the risk of groundwater pollution with
heavy metals, there is have to be more careful.
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Fig. 2: Ni, Pb, and Cd accumulation percentages in the first 18 cm of the soil
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Abstract

Soil contamination with heavy metals in many parts of the world is expanding, and it has so many hazardous
to human healths. Phosphate fertilizers which use in agriculture of Iran have cadmium contamination. One
way to improve contaminated soil is using plants to remediate it. The objective of this study was to eliminate
the potential of a high biomass halophyte weed chenopodium album L. to extract cadmium from soil to the
plant. This plant is native to Middle East and Mediterranean country. A randomized complete block
experiment in four replications was designed. Soil was contaminated by 5, 10, 20,40, 60 and 100 mgkg™ by
cadmium (cadmium chloride).The results showed that at 100 mg kg™ of soil cadmium contamination, the Cd
concentration in shoot was 40 mg kg . The high biomass production in high Cd-treatments indicates that the
Cd-removal from soil which is a major factor for phytoextraction technology, was high (184 gr ha™ at 60 mg
kg" soil Cd-content in one harvest). High Cd concentration and high biomass in this plant shows that
chenopodium album L. have a high potential to remove Cd from contaminated soils.

Keywords: Cadmium, Contaminated soils, Phosphate fertilizers, Phytoextraction , chenopodium album .

Introduction

From a global perspective, the climate, the soil is considered as the third component of the human
environment. Soil has two major functions: Supply of plant growth and other life forms and the
other is the repository for the waste of nature. This feature enables the soil to have considerable
ability to deal with external factors. The earth is always in search of a balance it can be concluded,
when the soil is contaminated this confrontation and conflict can be impaired or goes out of its
natural norm (baibordi, 2001). Increasing human activity on earth has caused the soil to earth in
case of continuous partial of pervasive be impaired. Obviously, soil pollution is an undesirable
phenomenon. Refinement of heavy metals from the soils that minimal losses to the environment
and then are of your soil in to a category can be verified (Mazhari, 2004). One way of improving
soil contaminated with heavy metals is phytoremediation. Phytoremediation means the use of
herbal plants to remove pollutants from the environment or reduce their risk (Cunningham and et al
1995). phytoremediation can be viewed as a Green Revolution in the field of new technologies in
refining the expression. Various forms of inorganic and organic compounds from phytoremediation
that can be covered there. This is one of the types of phytoextraction. Derived primarily from
Phytoextraction to treat contaminated soil and removal of contaminants from the soil
are(Henry,J.R.2000). In this way the plant uptake, concentration, and sequestration of soil
contaminated with oxic metals in the above ground plant biomass (stems, leaves, etc.) Is used
(Nacimento, 2006).

chenopodium album L is a plant of the family (Chenopodiaceae) and a year and with stems and
branches of the static, often with pink lines and its height varies according to climate and soil type.
This plant is a plant species like salt.

In this research effort is uptake and phytoremediation of cadmium element is evaluated using
achenopodium album L.

Material and methods

Composite samples were taken from a depth of 0-30 cm. The samples were air dried and then were
passed through 2mm sieve. Physical and chemical testing of soil samples containing, characterized
by the relative frequency of particles (clay, silt, sand) to the hydrometer method, electrical
conductivity of saturated soil extract (EC), with the gauge, saturated soil's acidity (PH) c. Using the
device. PH meter, methods of soil organic matter (Walkely and Black) were measured glomerate
and the apparent specific gravity method and paraffin and cadmium in soil using DTPA and field
capacity moisture content (6Fc) by the suctioned vice 33 pages Kp pressure measurements were
obtained. The bulk density of soil; layouts for each pot 1/3 gr/cm*was calculated. The allowable
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concentration of cadmium concentration was chosen as the concentration range from zero to
several times the concentration allowed to cover. Therefore, concentrations, 5,20,40,60,100 mg / kg
cadmium in the soil was for contaminated soil from (CdCl,.H,0) was used to spray the soil and
thoroughly mixed with it soils then were left to Pollution and contamination of soil and the
interaction is more natural.

Approximately three months after the final growth took samples of soil and plant pots were. Crops
were harvested from crown and separate the roots by placing the pot in a tub full of water were
collected. The samples were dried at 70 © C for 48 hours and then dried using an electric mill with
steel grinding chamber were all. Two grams of soil weight and Meyer Erlenmeyer flask (conical
flask) 120 ml and poured into 20 ml DTPA solution added and two hours of the rotational model
with Shaker (IKA Werk KS580) with 250-degree flat 42 What man filter paper and then we move,
Cadmium levels in soil were measured with atomic absorption Specter AA.200 model. For total
extractable Cd, more plant oxidation method was used. For this study, a factorial design in
randomized complete block with four replications was used for data analysis, statistical software
SPSS (version 16) was used.

Results and discussion

The soil was sandy clay loam (sand 50%, silt 26% and clay24%) in texture with initial pH 7. 8 (1:2
soil: water), electrical conductivity (EC) 6.71 ds m—1 (1:2 soil: water), organic carbon 0.7%,
calcium carbonate 7.5% and initial Cd 1.23 mg kg—1 (Table 1).

Table 1.Selected physical and chemical properties of the experimental soil and water (Mean + SD, n=4)

Soil Parameters Unit

Soil texture sandy
clay loam

pH(1:2) 7.8+0.38
Bulk density (gr/cm3) 1.334+
0.1

EC(Soil) (dS/m) 6.71+0.68
Initial Cd (soil) mg kg—1

1.23+0.011

N %

0.07+£0.002

CaCO3 % 7.5£1.06
oM % 0.7+0.02
Plant biomass(Shoot Kg ha-1

4380+640

Applied water

Parameters Unit

EC (dS/m) 1.2+0.02
Initial Cd mg kg—1

0.013+0.00

Cadmium uptake by the chenopodium album L. is shown in Figure 1.This chart gives the amount of
cadmium uptake by soil cadmium concentration of 100mg/kg is 140gr/ha shoot.

In a similar study that Jan Mertens and colleagues (2007) on the phytoextrction of cadmium
accumulation with hyper accumulator plants were similar to the results achieved. The results of the
experiment and the amount of cadmium accumulated in the shoot by increasing plant biomass was
increased. .The measurements showed that in the third harvest plant significantly reduced the
amount of cadmium in soil.
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Figure 1.amount of cadmium uptake with chenopodium album

Cadmium changes in chenopodium album shoot’s are given in Figure 2 which tells the amount of
cadmium accumulated in the soil cadmium concentrations in crops 90 mg/kg to 40mg/kg reaches
its maximum,
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Figure 2. Cadmium changes in chenopodium album’s shoot

Also according to the results based on dry weight equivalent weight 600 gr/m” cadmium levels in
soil is close to zero. The equivalent weight 370 gr/m? cadmium levels in soils is
90 mg/kg. (Figure 3).

chenopodium album
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Figure 3. Amount of cadmium based on dry weight
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Conclusions

Over all the results of experiments and statistical analysis shows that phytoextraction with
hyperaccumulator plants has great potential for improving soils contaminated with heavy metals
like cadmium and chenopodium album is a hyperaccumulator plants and has the ability to absorb
cadmium from contaminated soil and High concentrations of cadmium contamination in soil and
uptake by this plant increases. Cadmium accumulated in the measurement of crops this is
evidenced and can be refined from plant to soil contaminated with heavy metals including
cadmium used.
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Abstract

Phytoremediation is a modern and useful method used to remediate the contaminated soil by heavy metals
such as lead. This technology has the lowest cost and greatest effect. To carry out usefulness of
Phytoremediation, choosing an appropriate plant is an essential step. The objective of this study was to find
out if the high biomass producing halophyte chenopodium album L. can be used for phytoremediation of lead
from contaminated soils. Accordingly, an extensive test was carried out to assess the phytoremediation
capability of this species. The soils used in the experiment were contaminated with 150, 300, 600, 900 and
1200 mg Pb on kg ' soil, in the form of PbNO;. The results indicated that at the highest level of lead
contamination in the soil, the concentration of lead in the root and shoot were 128.93 and 9.021 ppm,
respectively. The lead uptake increased with Pb contents in soil and the maximum accumulation occurred in
the roots. The average Pb accumulation in shoots was not significant. Its high biomass production and high
Pb concentration of lead in the plant, justifying that this plant can be a potential candidate for pb
phytoremediation from contaminated soil.

Keywords: lead, contaminated soils, heavy metals, chenopodium album L.

Introduction
The toxicity of heavy metals is a problem for ecological, evolutionary and environmental reasons
(Nagajyoti et al., 2008). Lead is one of the heaviest elements that cause many of the environmental
pollutions. It has extreme toxicity effects on humans and other living organisms, and then provides
its considerable role in environmental pollutions. Using Pb in various industries has increased its
pollution rate in different ecosystems. These toxic substances are released into the environment and
contribute to a variety of toxic effects on living organisms by food chain (Chhotu et al, 2009). It
indirectly contaminated soil and produce toxicity in agricultural products consumers directly
(Nagajyoti et al., 2008).
Phytoremediation, the use of vascular plants to remove pollutants from the environment or to
render them harmless (Cunningham,1993) has emerged as an alternative technique for removing
toxic metals from soil and offers the benefits of being in situ, cost-effective and environmentally
sustainable. In recent years, great interest has been developed for the identification of
autochthonous plant species, which can accumulate elevated amounts of heavy metals in their
tissues, with the aim of employing them for phytoremediation of contaminated soils (Garcia, 2003).
These plant species have special mechanisms to cope with higher levels of metals in growth
medium.
Some plants have considerable potential in uptake and accumulation of heavy elements; these
plants are applied to remediation of contaminated soil (Bradley and Vielly, 2001).
Phytoremediation is a cost-effective method that is used to remediate the contaminated soil without
any adverse effects to the environment (Shump 1993).
The selection of plant species for phytoremediation is the most important issue in the remediation
of contaminated soil. Today because of difficulty in culture and plants adaptation from other region
of contaminated soil, and also, for insufficiently of growth, some challenges are appropriated to
use domestic and native plants for phytoremediation.

Successful phytoextraction of metal from contaminated soil requires the plants to tolerate the metal.
Plants must also be able to produce sufficient biomass besides accumulating a high concentration
of heavy metals.
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Even though developments were done in phytoremediation, techniques are needed for future
investigations on different soil sciences fields such as, microbiology; physics and soil chemistry
(Bennett et al. 2003).

Phytoremediation was intended firstly by Raskin (1991) in a conference about approaches to
decreasing pollution in the environment, then was defined according to Cunningham and Berti
(1993); followed by Schnoor (1995) who introduced a more appropriate definition.

Generally, in Phytoremediation, the selection of a suitable plant species, that has high potential to
reduce soil contamination, is very important. Iran is an arid to semi arid country and has extant of
halophytes plants. For high tolerability of halophytes plants in saline and arid conditions, and also,
for limited numbers of Pb hyper-accumulator plants, Lambsquarters (Chenopodium album L.) is
known as one of the accumulator plants for heavy metal such as lead. This plant specie has ability
of Pb accumulation not only in their roots, but also can transfer it to their shoots, that are the
phytoextraction end. Instead, the amount of Pb accumulated in roots is higher than its shoots.

Pb concentration that was reported in various plants by researchers is very various. This variation
may be due to environmental and genetic factors. Although concentration of Pb varies in different
parts of plants, but occasionally in some plants usual concentration of Pb is lower than 3 mgKg™
(Henry, 2000). The main object of this paper is to study the potential of halophyte lambs quarters
tolerability in Pb contaminated soil and in its accumulation.

Because lambs quarters plants have enough biomass in high concentration of Pb, even though the
Pb accumulation in its aerial organs is not as it in hyperaccumulator plants, it can be used as a
phytoextraction plant in contaminated soil.

Material and methods

Experiments were done in a set of 28 pots (1 element x 4 repeats x 7 treatments) according to
Complete Randomly Design. Soil was passed on a 400 um (No. 40) sieve. Initial specific gravity of
soil was 1.344 g cm™. All pots were filled by 7 Kg soil. Soil was contaminated by 0, 150, 300, 600,
900, 1200 Hg Png_lSOﬂ; respectively, named To, T150, T300, T450, T600, Tg()() and, leoo. Pb was
applied as PbNoj. In this study, amount of transpiration was measured by gravity methods, and
plants were harvested after the end of shoot and roots growth. Fresh weight of plants in all pots was
measured, and then harvested plants were washed by distilled water. Washed plants dried in oven
at 130 °C, and then ground. Pb concentration in ground Plants samples was obtained in wet
oxidation method by ICP instrument..

All values reported in this work are means of four independent determinations. The mean values
are given in tables. All the data has been statistically analyzed by one way analysis of variance
(ANOVA) in randomized complete block design to check the variability of data and validity of
results. Comparison between control and treatment was done by LSD test (Gomez and Gomez,
1984). All tests were performed with SPSS software.

Results and Discussion

Obtained results from concentration of total Pb, soluble Pb, and Pb in roots and shoots of lambs
quarters plants, by ICP instruments are shown in tablel. Data presented in this table show amounts
of Pb measured in soil and in plants.

Tablel. Concentration of total Pb, soluble Pb, and Pb in roots and aerial organs of lambs quarters plants

Pb in soil Pb in shoot Pb in root Total soluble Soluble Pb Total Pb
(pgr) (ppb) (ppb) (%) (ppm) (ppm)

0 (Ty) 3371.349 10132.776 1.24% 0.46 37.25

150(Ts0) 3792.035 50329.010 0.35% 0.52 150.25
300(T300) 4251.595 90802.200 0.20% 0.6 286.09
600(Ts00) 5539.026 99634.750 0.12% 0.68 547.50
900(T9o0) 6792.106 120477.089  0.09% 0.76 827.50
1200(T1200) 9020.986 128935.185 0.07% 0.84 1182.00
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Figl shows trend of Pb amount in shoots of lambs quarters plants in respect to Pb concentration of
soil. Results shows, except of Ty, increase in Pb concentration of soil causes increase in amount
of Pb in shoots. This result indicated that although Pb was identified as contaminated agents for
plants, but in this case to some levels of Pb contaminations has increased growth of plants.
Absorbed Pb in plants to certain concentration (900ug) was acted as a factor to improving plants
growth and accounted as a nutrient substance by plants, which applied in cellular interactions.

30
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Figl. Amount of Pb in shoots of lambs quarters plants in respect to Pb concentration of soil.

Despite the existence of toxic and or stress factors, if other growth factors are optimum, they could
reduce productivity in plants, and according to previous studies, high concentrations of Pb are toxic
and cause stress on plant growth (Porgbska and Ostrowsk, 2001). Then, the existence of Pb toxic
jons, NOs™ can’t increase plants growth. In other examples, even though other factors such as soil
humidity and nutrient elements are in optimum levels, salinity stress decreased plants
productivities.

Results in fig.2 show that the increase in Pb concentration in soil causes a rise in the concentration
of Pb in shoots and roots. But this increasing in roots is higher than shoots. Plants differ widely in
their capacity to uptake and accumulate heavy metals in various organs.
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Fig2. Concentration of Pb in shoots and roots of lambs quarters plants in respect to Pb concentration of soil.

Even thought in high concentration of Pb in soil, Ty, any toxic effect wasn’t observed in this

plant. In conformity with the observations of earlier researches, Asadi and Homaii (2009) found
that the Pb concentration in shoot and in roots of Chenopodium botrys was respectively 5.6-54 mg
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Kg' and 22.8-97.7 mg Kg™' . Pb concentrations of roots and stems were respectively, 1.8-18 and
7.6-32.2 rather than usual Pb concentration of same plant (Asadi and Homaii, 2009).

In other studies some differences were also observed in the distribution pattern of Pb in C. album
and C. botrys, which shows C. album, has more effective results for Pb accumulation than C.
botrys. This indicated that C. album with efficient biomass has ability on translocation of Pb from
contaminated soils, which is very important factor in phytoremediation.

Comparison of Pb accumulation on roots and shoots of C. botrys shows that the increased Pb
concentration in the soil enhanced significantly the Pb accumulation of root than that of shoot

(Fig3).
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Fig3. Comparison of change in Pb accumulation on roots and shoots of C. botrys

It is also well demonstrated that the increased concentration of Pb in soil may lead to a change in
accumulation pattern of Pb in the root and shoot of C. botrys.

Fig (4) shows that in C. album Pb accumulation on roots is higher than that on shoots. Also, it
shows that the increased Pb concentration in the soil enhanced significantly the Pb accumulation of
root than that of shoot (Fig3).
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Fig4. Comparison of change in Pb accumulation on roots and shoots of C. album

According to these results, portion of Pb remediation in root higher than shoot of C. album, then we
can conclude that C. album is an appropriate option to remediate in soil contaminated by Pb. Also,
in phytoremediation of heavy metals, several factors such as plant tolerability and its ability in
translocation of heavy metals from roots to shoots, high growth and biomass producing must be
considered (Gomez and Gomez, 1984).

It is also well documented that C. botrys has effective results in soil remediation than C. album,
especially in their shoots, but portion of Pb accumulation in roots of C. album can not be ignored.
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Results from present study showed that roots of the C. album plants have great potential to tolerate
and absorb Pb from the growth medium.

Fig (5) shows that ratios of Pb accumulation in shoot to root of C. album has reduced by increasing
in Pb accumulation in roots, justifying that this plant can be a potential candidate for pb
phytoremediation from contaminated soil.
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Fig 5. Ratios of Pb accumulation in shoot to root of C. album

This plant yields high percent of above ground organs and can be introduced as a halophyte plant
which can be successfully used in phytoextraction of soil contaminated by Pb.
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Abstract

Superabsorbents such as cross-linked polyacrylamides (PAM) are frequently used to increase water
availability to plants. Commercial PAM providers suggest that besides its increasing water availability,
PAMs also increase nutrient availability to plants. To test this premise, four application rates (0.0, 0.33, 1.66,
3.33 and 6.66 g kg') of a PAM were mixed with sandy and loamy soils to evaluate its effect on nutrient
leaching and retention in these soils. Miscible displacements of chloride were conducted on columns of
PAM-soil mixtures and results were evaluated by an equilibrium CDE model. Increasing the PAM rates up
to 1.66 g kg™’ resulted in increased early appearance and dispersive transport of chloride in sand. In addition,
increasing the PAM rates caused gradually increased tailing of the breakthrough curves of chloride in both
soils. These suggested that PAM increased preferential transport of chloride while it increased retention of
chloride in soils. Effect of PAM on preferential transport and retardation of Cl was greater in sand than loam.

Keywords: PAM, Equilibrium CDE model, Preferential flow, Miscible displacement, Breakthrough curve.

Introduction

Cross-linked polyacrylamides (PAM) are used to increase water use efficiency in especially sandy
soils in arid and semiarid regions worldwide (Bhardwaj et al., 2007). Some studies (Gallaghan et
al., 1988; Baker, 1990; Silberbush et al., 1993; Yetgin Uz et al., 2010) showed that use of PAM
increased water availability to plants, while others (Austin and Bondari, 1992) reported its
detrimental effects on plant yield and survival.

Efficiency of PAM depends soil conditions and on balancing cation in PAM (Bharwaj et al.,
2007). When mixed with soil, efficiency of PAM is decreased as its complete swelling is restricted
by confining soil particles. Buchholz (1998) reported that positive results were found when small
amounts of PAM were used with dry soils. In addition, efficiency of PAM is decreased by salinity
of soil water since saline water decreases the water holding capacity of PAM. Kazanskii and
Dubrowskii (1992) suggested that adding polymers to sandy soils may improve water holding
capacity of soils due to polymer swelling and decreased hydraulic conductivity of sand and lowered
drainage water below the root zone.

Commercial PAM providers often declare that PAM not only increases water availability to
plants but also nutrient availability due to that it absorbs nitrate-like anionic nutrients and slowly
release when plants need. To our knowledge, no study has been conducted to test this premise.
Therefore, the objective of this study was to investigate the effect of PAM on retardation and
leaching of Cl in a sandy and a loamy soil.

Material and Methods

Material

The experiments were conducted using disturbed columns of a sand and loam. The loam samples
were taken from 0-30 cm of a wheat field and sand samples from an uncultivated area on an
alluvial terrace, 300 m away from the first sampling site, in northeast of Cankiri, located in north of
Central Anatolia, Turkey. Some selected properties of soils are given in Table 1.

Table 1. Some properties of soils used in the miscible displacement tests

Soil Sand Silt Clay OM CaCO; pH EC
% % % % %

Loam 45 18 37 0.47 10.5 7.4 4.5

Sand 70 6 24 1.75 13.8 7.6 54

OM: Organic matter content, EC: Electrical conductivity (mmhos cm™)
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Methods

The soils were transported to laboratory, sieved with 2-mm screen and mixed thoroughly with a
cross-linked polyacrylamide (PAM) in 0.33, 1.66, 3.33, and 6.66 g kg'. The samples were packed
in 30 cm long plastic columns with 8.4 cm id. The lower end of the column was supported with a
fabric. To achieve an adequate packing, bottom of the columns were hit gently 20 times to the
laboratory bench during packing. Each PAM rate was repeated three times with each soil.
Therefore, 2 (soils) x 5 (PAM rate) x 3 (replicates) = 30 soil columns were packed in total.

Miscible Displacement Tests

The column was gradually saturated with 0.01 M KBr solution from the bottom of the column (van
Genuchten and Wierenga, 1977). Upon saturation, the column was positioned on an upright stand.
The inlet at the top of the column was connected to Marriotte system, and the outlet at the bottom
was connected to an automatic fraction collector. Saturated hydraulic conductivity of the column
was determined with the bromide solution after steady state flow rate was established.
Approximately three pore volumes of tracer solution of 0.05 N CaCl, in 0.01M KBr solution were
introduced into the column with the Marriotte system followed by approximately four pore
volumes of 0.01 M KBr to leach the tracer Cl from the column. The effluent was analyzed for
chloride using an ion specific electrode (Abdalla and Lear, 1976).

Relative concentrations (C/C,) of Cl were calculated by dividing the concentration of Cl of
the effluent collected by the concentration of in the stock solution. The data from the flow
experiments were quantitatively evaluated using the computer program STANMOD (Deterministic
Equilibrium CDE). Coefficient of hydrodynamic dispersion D (cm® h™) were fitted and the pore
water velocity v (cm h™) and pulse duration T, (dimensionless) were measured. Retardation
coefficient R (dimensionless) was assumed unity for nonreactive Cl. Dispersivity A (cm) was
calculated by A = D/v.

Results and Discussion

The experimental BTCs showed both early breakthrough and tailing (Figs. 1 and 2), which is
indicative of both preferential transport and mass exchange between mobile and immobile regions
in the columns. In general, early appearance of Cl increased with increasing PAM rate in both
sandy and loamy soils. However, extent of early appearance was greater in the sand. The early
appearance is resulted from nonuniform transport of solute in macropores and similar pathways
where water flows more rapidly than the adjacent regions. In general, these preferential pathways
can form by physical (cracks, fissures, funnels, etc.) and biological (decayed soot channels,
earthworm channels, animal burrows, etc.) means (Beven and German, 1982). In this experiment,
preferential pathways would form between swelled PAM and surrounding soils particles, through
which water and solutes moved rapidly and appeared earlier at the exit of the columns.

The effect of PAM rate on preferential transport of Cl in sand columns was more drastic than
in loam. This was attributed to the fact that in greater rates, PAM particles were subjected to
increasingly greater pressure from the soil particles in loam that resulted in decreased
macroporosity. As the PAM rate increased, more pressure exerted by surrounding soil particles on
swelling PAM particles and this caused limited space available for macropore-like conduits in the
column, ultimately resulting in decreased preferential transport of Cl in the loam.

Table 2 shows that increased PAM rate had no significant effect on v, D, and A in loam,
while it significantly affected these variables in sand. This was attributed to that within-treatment
variation was greater in loam columns compared to sand columns. This high within-treatment
variation resulted that the means for treatments were not significantly different in the former.
Compared to loam, increasing PAM rate had a significant effect on v at low PAM rates, and it
consistently increased A in sand.
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Table 2. Means and standard deviations for pore water velocity, coefficient of hydrodynamic dispersion, and
dispersivity obtained on repacked sand and loam columns used in this study.

PAM v D A
g kg cm b’ em’ h! cm
Loam
0 4.4448 38 1148.6195.1 5.1643.13
0.33 116.2849.86 1143.5+128.6 9.27+5.05
1.66 5.1542.58 1187.3+52.8 97.2742.48
3.33 25.2343.10 158.74+58.8 16.53+3.05
6.66 116.4743.08 1102.345.51 6.47+1.42
Sand
0 25.46+19.79 1101.0+103.2 3.514+0.96
0.33 °49.79+1.61 °406.6+49.24 °8.15+0.74
1.66 ®54.3346.30 €391.3+33.84 ®7.22+0.53
3.33 25.7140.21 270.3+23.03 €10.5140.90
6.66 20.7740.12 316.3433.08 415.23+1.88

Means for the same soil with same letter in the same column are not different at the significance
level of 0.05.

v: pore water velocity, D: coefficient of hydrodynamic dispersion, A: Dispesivity (D/v)
n= 3 for each mean. Numbers following + are standard deviations of means.
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Fig.1. Breakthrough curves of chloride at disturbed soil columns of loam with a) 0.0 g kg™, b) 0.33 g kg™, ¢)
1.66 g kg', d) 3.33 g kg, e) 6.66 g kg”' PAM rates. Dashed lines are experimental BTCs and continuous
lines are BTCS estimated with equilibrium CDE (CXTFIT) of STANMOD.
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Fig.2. Breakthrough curves of chloride at disturbed soil columns of sand with a) 0.0 g kg™', b) 0.33 g kg™, ¢)

1.66 g kg', d) 3.33 g kg, e) 6.66 g kg”' PAM rates. Dashed lines are experimental BTCs and continuous

lines are BTCS estimated with equilibrium CDE (CXTFIT) of STANMOD.

Pore water velocity (v) increased drastically until PAM rate of around 2 g kg in sand and
then decreased with greater application rates (Fig.3 left). However, a dissimilar behavior of v was
observed for loam.
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Fig.3. Change of pore water velocity (cm h™') at the left and dispesivity (cm) at the right as a function of
increasing PAM rate. The continuous lines indicate sand and dashed lines loam.

Hydrodynamic dispersion is caused by diffusion of solute from greater concentration region
to lower concentration region and nonuniform flow of water and solute in the flow paths
(mechanical dispersion). Combined effect of these two processes is represented by hydrodynamic
dispersion coefficient (D) in equilibrium CDE model. The variable dispersivity (A), calculated by
A= D/v, indicates whether the transport is dispersive or convective. A value of A greater than unity
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suggests that the transport is dispersive and otherwise it is convective. In our study, the transport
was increasingly dispersive against increasing PAM rates in sand columns contrary to in loam
columns (Fig.3 right one). This was attributed to interaction between swelled PAM particles and
pore size distribution in sand columns. This was also attributed to the high salinity (Table 1) of
sand, which would prevent the complete swelling of PAM as suggested by Taylor and Halfacre
(1986). In loam, application of PAM in small amounts increased and further rates of PAM
decreased the dispersive transport of Cl as indicated by dashed line.

An asymmetrical BTC with a right tail indicates incomplete transport caused by diffusive
mass exchange between mobile and stagnant regions in the column. The experimental BTCs in
Figs 1 and 2 (circles) showed that incompleteness increased with increasing PAM rates in both
soils, indicating that some Cl diffused into the swelled PAM particles and was preserved there
against leaching. In the sand, effect of PAM on retardation of Cl was more drastic than in loam as
thicker right tails of experimental BTCs for sand (Fig. 2) indicated.

Conclusions

Mixing a cross-linked polyacrylamide (PAM) with a sandy soils in increasing rates accelerated the
transport of CI in repacked columns up to about 2 g kg™ rates and decreased at greater rates.
However, increasing the PAM rate promoted gradually the dispersive transport of Cl.  Part of
applied Cl was retarded by PAM as the Cl diffused into the swelled PAM particles where it was
preserved against leaching. Tick right-tailing of BTCs indicated that the backward diffusion of Cl
from the PAM particles to soil was slower than its forward diffusion.

Contrary to sand, mixing the PAM with a loam slightly affected the transport of Cl in the soil
columns. Mixing the PAM with loam at increasing rates resulted in inconsistent values of v as a
function of PAM rate and dispersive transport Cl in the soil columns was independent of PAM rate
although PAM increased the dispersive transport slightly at the low application rates. In addition,
PAM retarded some of the applied CI in loam columns.
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Abstract

The effects of heavy metals, as soil pollutants, on Rhizobia and symbiotic system of Rhizobium-legume are
not clearly known. The aims of this study were to isolate heavy metals resistant strains and determination the
effects of Cd on nitrogen fixation of native strains of Sinorhizobium meliloti in calcareous soils. To isolate
and obtain pure cultures of sinorhizobium meliloti strains, root nodules were collected from different alfalfa
farms of Zanjan province. Microscopic, biochemical and plant tests carried out on different strains, rhizobia
were identified and strains capable of nodulating were determined. Based on effectiveness of symbiosis and
shoots dry weight of alfalfa sown in greenhouse, nitrogen fixation efficiency of different strains was
examined and compared with each other. The results showed that different strains have different nitrogen
fixation efficiencies and the strains were classified into four groups namely as very effective, effective,
partialy effective and not effective. In the second part of the experiment, resistance of different sinorhizobium
meliloti strains to Cd were examined using selective medium of H.M containing different amounts of Cd. The
highest concentration of heavy metals supporting growth for each strain was determined as the maximum
resistance level (MRL) and based on it the strains were classified into three groups namely as sensitive,
relatively sensitive and tolerant. The results showed that significant differences between the strains in this
respect. In the final experiment, the effective strains (capable of nodulating) with low and high tolerance to
heavy metals were selected and used for a pot experiment. In this experiment, the effects of five
sinorhizobium meliloti stains (Sg, S12, S17, S41 and Ss;) as inoculants, and five concentrations of heavy metals
were examined on growth of alfalfa plant using a mixture of perlite and sand as media. A control and a
treatment receiving 70 mg/kg N were also included in this experiment. The highest and lowest biomass yields
of alfalfa were obtained for control and those treatments inoculated with resistant strains to Cd. The Ss; strain
was tolerant to Cd and had higher nitrogen fixation ability than the other strains. The S;; and S; were the
most tolerant and the most sensitive strains to Cd respectively.

Keywords: Alfalfa, Cadmium, pollution

Introduction

Today the world is facing increasing pollution in the environment and damage to natural
ecosystems such as soil. The use of chemical fertilizers brings about environmental issues and
problems such as the contamination of subsurface strata with heavy metals namely Cadmium
(Miola et al 1980). Some soils of Zanjan province are polluted as a result of foundries and the
creation of industrial by-products (Jebeli 1378). Cadmium is the main pollutant in soil which can
enter the soil via chemical fertilizers. Rhizobium has played a role in the increase of fertile layers
for centuries. Rhizobium creates a connection for the endosymbiotic nitrogen fixing of the
legominus plant. Legumes have a plenteous need for fertilizer which when coupled with the
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excessive use of chemical fertilizer is a probable cause of Cadmium contamination of subsurface
strata. Research shows that Cadmium has a negative effect on the order of nitrogen fixation
symbiosis. (Ibko et al 1995). The fixation of nitrogen in white clovers in polluted soils with
different amounts of metal, it showed that plants in native fields and all areas testes the symbiotic
bacteria are able to fix the nitrogen (Koleri 1997). Gilor McGrath (1989) pointed out that with a
lack of rhizobium leguminosarum bv. Trifolii in order to fixate nitrogen in polluted soil 40 percent
less output of white clovers. The effects of heavy metals on the number of micro organisms are
more sever in sandy soil than clay soil. In a report from Brookes et al (1986) the fixation of
nitrogen by heterotroph sianobacterias on the contaminated soil with a heavy metal decreased by 30
percent. Rother et al (1983) investigated the effect of heavy metals on white clovers and found out
that the node and nitrogen fixation had a small reduction the amounts of Cadmium, Zinc and Lead
were 216 mgKg, 20,000 mg Kg and 30,000 mg Kg respectively. One field experiment results of
polluted soil with 10mgKg Cadmium, 52mgKg Nickel and 120 mgKg Zinc showed no effect on the
nodes or nitrogen fixation. The great deal of pollution in Zanjan’s agricultural fields as a result of
Lead and Zinc factories there has been no experiments to determine the effects on the biological
fixation of nitrogen in this province. This research aim is to investigate the effects of Cadmium
pollution to the native fields, the sinorhizobiom symbiosis and nitrogen fixation.

Materials and Methods

Due to the close proximity of lead and zinc factories to the fields in Zanjan province, some of the
fields in this province are polluted with heavy metals. Alfalfa root samples were collected and the
nodes are separated from the roots, sinorhizobium meliloti was isolated from the nodes. The ability
of each strain to symbiosis with alfalfa was studies (plant infection test) (Vincent 1982). Then the
nitrogen fixation of the rhizobium strains are studied in a greenhouse with 45 strains of rhizobiom
in 3 reps. the symbiotic effectiveness was devised (Yek et al 1993). In the next stage of the research
the effects of of Cadmium was assessed in solid media. The various strains of rhizobiom based
upon its resistance against heavy metals (Sensitive, relatively sensitive and tolerant), levels of
Cadmium were investigated on growth, nodulation and nitrogen fixation of the sinorhizobiom
meliloti. 5 levels of Cadmium (0,2,10,20 and 30 mgKG) and 5 strains of bacteria (strains with a
higher SE which has various resistance to heavy metal were used ( Table 1). 6 plants were sown
into each pot and were incubated for 90 days, after this period plants were cut off , then put in an
oven at 65-70 degrees Celsius to dry out. The of nitrogen content of the shoot was measured as
well nitrogen uptake.

Tablel. Characteristics of used strains

strain S.E. Resistance to Cd
S6 153 Tolerant

S12 57 Tolerant

S17 86 Tolerant

S41 139 Tolerant

S51 73 Partially sensetive
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Results and Discussion

Normally the final determination of any rhizobium is based upon is symbiotic ability, from here it
is that 45 strains of pure rhizobium could host the vegetation and pollution tests. The comparison of
levels of Cadmium on the shoot dry weight showed that with an increase of Cadmium
concentration the shoot weight decreases. The amount of this in treatment showed maximum (0.6)
and treatment 30 mgKg Cadmium (at least 0.2) this treatment witnessed 67 percent less output. The
comparison of levels of Cadmium shows that with an increase in Cadmium the nitrogen
concentration in the shoot was reduced, the highest concentrate of nitrogen (2.94%) was related to
the witnessed treatment of Cadmium., the least cadmium (2.15%) is treated 30mgKg Cadmium(
Table 2). The dry weight of the shoot of the inseminated plants with the experimented strains in
various levels of cadmium are as follows: Relatively sensitive strain to cadmium with a symbiosis
higher <(S51) strains with maximum symbiosis ,(S6) Strains resistant to cadmium,(S17 & S12)
with regards to the results obtained its visible to see that the most and least amount respectively of
the resistant strains and those with a high symbiosis higher are (S41 & S17) and the witnessed
treatment.

Table 2. Effects of Cd on some plant indices

Cd Shoot dry weight(g/pot)

concentration(mg/kg) N-Uptake (mg/pot) N concentration(%)
0 0.6077a 2.943a 1.817a

20 0.5056b 2.871b 1.481b

10 0.2693c 2.781¢ 0.7548¢

20 0.2187d 2.729c¢ 0.5975d

30 0.1990e 2.643d 0.5295¢

The interactive effects of the strains and the levels of cadmium on the shoot dry weight (Table 3)
showed that with an increase of cadmium levels the effect of the strains on increase of shoot dry
weight was reduced, and this reduction was different for each of the strains, in the way that the
most dry weight (0.7408 gr /pot) was related to the inseminated plant with strain S6 (high SE and
resistance to cadmium).

Table 3. effects of Cd and Strains on shoot dry weight(g/pot)

Cadmium concentration(mg/kg)

Strains 5 10 20 30

Blank 0.2833mn 0.2901 0.2440mn 0.18930 0.159p
S6 0.7408c¢ 0.3584k 0.4185j 0.32901 0.156p
S12 0.4288ij 0.4148ij 0.4757h 0.2975mn 0.140p
S17 0.6425¢ 0.4390ij 0.6860d 0.4442i 0.5706f
S41 0.6773d 0.6234¢ 0.32551 0.6203¢ 0.3612k
S51 0.6887d 0.5728f 0.4956 0.3010m 0.2867mn
N-70 0.7324b 0.8526a 0.8124b 0.5122¢g 0.5667f

At 0 level of cadmium and the least amount (0.1401 gr/pot) in treatment S12 (high SE and
resistance to cadmium) and at level 30mgKg was observed. In general the resistant strains with
high concentrations of cadmium in comparison with the sensitive strains were less affected by high
concentrations of Cd (Table 3). The results showed that the levels of cadmium affected the nitrogen
fixation of the strains, the highest percentage of nitrogen (3.033%) was related to the inseminated
plants with strain S41 (with a high SE and resistance to cadmium) at level 0 cadmium and the least
amount of (2.367%) in treatment of S6 which had a high SE and resistance to cadmium and at level
30mgKg cadmium was observed (Table 4).
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Table 4. effects of Cd and Strains on plant nitrogen concentration(%o)

Cadmium concentration(mg/kg)

Strains 0 2 10 20 30

Blank 2.66fghi 2.531jkl 2.60hijk 2.66fghij 2.66fghi
S6 3.00c 2.76de 2.505kl 2.340kl 2.361

S12 2.73efghi 2.86¢cdef 2.73efghi 2.73efg 2.56hijkl
S17 2.96¢d 2.93cde 2.83cdefg 2.76defghi 2.73efghi
S41 3.03bc 2.93c 2.73efghi 2.70fghij 2.531jkl
S51 2.86¢cdef 2.76defgh 2.83cdefg 2.63ghij 2.60fghij
N-70 3.33a 3.30a 3.23a 3.20ab 3.03bc

An important point to remember here is that the 2 strains S41 and S6 both have high SE and is in
the high resistant group of strains however in alfalfa pots with a high level of cadmium they didn’t
show consistent reactions and the effects of no cadmium to S6 strain were greater. Similar to this
situation is of the dry weight and total nitrogen was observed. In general with an increase of the
levels of cadmium the effect of the strains on the nitrogen concentration was less however this
reduction was different in the strains.

Conclusion

The results obtained with this research shows the studied strains have around 60% resistance to
cadmium and only show growth in 10-30 mgKg cadmium. While 8.9% of the strains are able to
tolerate levels 70 -80 mgKg Cadmium and have good resistance. 4.4% of the strains had a very
high resistance in tolerating cadmium that even to the last level (150mgKg) of cadmium. The
rhizobium symbiosis systems the effects of increased concentration of heavy metals in the soil
decreased the amount of bacteria and symbiosis and this made nitrogen fixation reduction. In
relation to the strains resistant to heavy metals for the fact that they are tolerant to the metals the
growth is more active than the bacteria in nitrogen fixation. It is visible in this research and results
that with an increase in cadmium from level 0 the nodes and dry weight of the shoot weight are
reduced. Other researchers have also commented on the effects of metals and rhizobiums in soil
and their resistances and they believe metals in the soil affect plants (Angel et al 1989). Ibko et al
(1995) also reported that plants have protective elements with rhizobiums against the toxins present
in metals. The results given alongside Angel et al 1989, results about the toxins in cadmium over
alfalfa and rhizobioms symbiosis are similar reported the main reason are the genetic differences of
the strains in the resistance of metals (Angel et al 1989).
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Abstract

Sewage sludge and animal manure have been recognized and used as soil amendments to improve soil
characteristics, and provide nutrients for crop growth in agricultural applications. However, the presence of
antibiotics and some other emerging pollutants both in sewage sludge and animal manure from confined
animal feeding operations has raised much concern. Although adopted as the best available technology,
biological treatment does not permit the removal of most emerging pollutants. It has become evident that the
application of advanced treatment methods can be crucial for the safe recycling of these wastes.

This study aims to investigate the chemical oxidation of antibiotics in sewage sludge and animal manure in
order to prevent the transfer of antibiotic pollution to soil and the development of bacterial antibiotic
resistance. Laboratory experiments with artificially contaminated manure and sludge revealed the importance
of pretreatment that provided the extraction of antibiotics from solid phase for the efficiency of the
subsequent chemical oxidation process. Ozone and Fenton oxidation processes were examined over a wide
range of experimental conditions to assess the value of process parameters. The application of the integrated
process consisting of extraction pretreatment and chemical oxidation with either Fenton or ozone yielded
oxytetracycline removal efficiencies over 90% both in manure and in sludge.

Keywords: soil amendments, sludge, manure, antibiotics, advanced oxidation processes

Introduction

Utilization of manure and biosolids for soil amendment is desirable due to the possibility of
nutrient recycling. Land-application of biosolids is stringently regulated for specific organic and
inorganic substances. In the US, the regulations generally cover heavy metals (HM) and pathogens.
A limited number of states also regulate the polychlorinated biphenyls (PCBs) (NEBRA, 2007).
The EU regulations also include some priority organic pollutants (PCBs, adsorbable
organohalogens-AOX, linear alkylbenzyl sulfonates-LAS, diphthalate(2-ethylhexyl)-DEHP,
nonylphenols-NPE, polycyclic aromatic hydrocarbons-PAH, polychlorinated
dibenzodioxins/dibenzofurans-PCDD/F) (Jones-Lepp and Stevens, 2007) along with HMs and
pathogens. The Turkish biosolids regulations similarly set standards for the limits of HMs,
pathogens and for the previously listed organic compounds regulated in the EU (OG.
04.08.2010/27661). The pharmaceutical and personal care products (PPCPs) have not been
included in neither of the mentioned legislation programs. However The US National Council
(NRC) has recommended that occurrence of these in biosolids shall be thoroughly investigated
(Jones-Lepp and Stevens, 2007). With improved analysis techniques in the recent decades,
detection of PPCPs at significant quantities has increased concerns leading to the need of more
extensive research as was demonstrated by the NRC report. As a result, implementation of new
regulations to cover these is expected in the future.

Utilization of raw manure directly as fertilizer by the farmers is very common. For compost
manure, in the US, the states have set regulations based on the best management for nutrients
(Brington, W.F., 2000). In the EU, some countries have implemented eco-label standards, which
regulate components such as HMs, organic matter, N content, pathogens, etc. In some of the EU
countries, the labeling of compost is required by law (EC, 2012). However, again no emphasis has
been put on the PPCP content of either raw manure or compost yet.

Significant concentrations of the non-regulated compounds have been detected, which include
endocrine-disrupting chemicals (EDCs) and pharmaceuticals and personal care products (PPCPs)
(Jones-Lepp and Stevens, 2007). Among these contaminants, antibiotics deserve a major concern
because of their contribution to the risk of antibiotic resistance development as well as their
adverse effects on the living organisms (Kim and Aga, 2007). Antibiotics have been detected at

185



SOIL AND WATER POLLUTION

high concentrations both in manure and in biosolids (Oncu and Balcioglu, 2011) and can exert high
loads when these are applied as soil amendments. The presence of antibiotics in the soil constitutes
a serious pollution potential by creating a risk for development of resistance in the local bacterial
communities (Kummerer and Henninger, 2003). Antibiotic resistant bacteria or antibiotic resistance
genes have been detected almost everywhere (Oncu and Balcioglu, 2011). These findings
demonstrate the ineffectiveness of conventional biological processes. Therefore proper treatment of
both waste sludge and manure aimed for soil amendment is required.

The chemical oxidation processes, ozone and Fenton technology have been utilized effectively for
the destruction of antibiotics as well as resistance carrying Plasmid DNA both in water and manure
(Oncu et al., 2011; Cengiz et al., 2010; Uslu and Balcioglu, 2009a, 2009b). Therefore, these
processes can be proposed as promising technologies for the remediation of manure and sludge and
for the improvement of their amendment properties.

Materials and Methods

Manure and waste activated sludge (WAS): The cow manure utilized in the study was obtained
from an ecological farm in Turkey. Prior to utilization, the manure was dried at 70 °C for 24 h and
sieved (2 mm), and subsequently sterilized by autoclaving at 120 °C for 15 minutes to prevent
biological activity. The WAS was obtained from the recirculation line of an advanced biological
wastewater treatment plant (WWTP). After collection, the WAS was concentrated up to 19.542.5
g/L total solids (TS) by settling and decanting the top liquid layer. The manure and WAS were
stored at 4°C; the WAS was utilized within 1 week of collection. Then, the manure and WAS were
artificially contaminated with oxytetracycline (OTC) to make final concentrations of 20 mg/kg
manure and 20 mg/L sludge, respectively. Extraction by magnesium salt at pH 8 was applied both
to manure and WAS prior to oxidation, in order to increase the oxidant-target contaminant contact
as described previously (Uslu and Balcioglu, 2009a; 2009b).

Treatment of manure and WAS: While ozonation of manure (1 g) was carried out in a 10 mL
Teflon tube, WAS (1.5 L, TS=2.5 g/L), ozonation was performed in a 2 L-cylindrical recycling
glass. The effect of the oxidant dose and the pH were investigated in the ozonation experiments.
Fenton oxidation of both manure and WAS was carried out by the addition of Fe,SO, and H,O,,
sequentially. pH adjustment prior to the addition of oxidant was performed with H,SO,4. Similar to
the ozonation experiments, the manure oxidation was performed in 10 mL Teflon tubes. During the
treatment, mixing of the manure and WAS (300mL) was provided in a thermostated shaker (Julabo
SW 22) at 150 rpm and 25 °C. While the treatment period was 24 h for the manure, the WAS was
treated for 2h.

Analytical Methods: The antibiotics were recovered from two different waste matrices by
ultrasonic assisted extraction followed by solid phase extraction and were analyzed by liquid
chromatographic analysis. The antibiotic extraction and SPE purification procedures are described
elsewhere (Uslu and Balcioglu, 2009a; 2009b). The subsequent analysis of the antimicrobials was
carried out by HPLC (Agillent Technol. 1100 series) utilizing an YMC-Pack ODS-AQ column (3
um, 50 x 4.0 mm). Acetonitrile (ACN, HPLC grade, Sigma Aldrich) and water (Milli-Q), both
containing 0.1% formic acid (98%, Fluka) were used in gradient elution. OTC was detected at 360
nm with a diode array detector (DAD). The limits of detection (LOD) for OTC in manure and
sludge were 0.01 mg/g and 0.22 mg/kg of dry weight, respectively.

The pH of the manure slurry and WAS were measured using a pH probe (WTW pH 330 pH meter).
Soluble COD (SCOD) solid contents (TS and volatile solids (VS)) were determined in accordance
with the standard methods (APHA, AWWA, WPCF, 2005). Determination of the organic carbon
(OC) in the precipitated manure, the alkaline soluble organic carbon (sum of humic acid and fulvic
acid carbon; C) the fulvic acid carbon (Cga) content, the humic acid carbon (Cya), and the TKN
content of manure is described elsewhere (Uslu and Balcioglu, 2009b). The NH,"-N and NO;5-N in
manure were extracted with 2 N KCl and determined by the Nessler and Cd-reduction methods,
respectively (Hach DR/2010 manual). The TKN and the total phosphorus (TP) contents of the
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WAS were analyzed by the Digesdahl method provided by Hach (Hach DR/2010 manual). The
NH,'-N in the liquid phase of the WAS was similarly determined by the Nessler method and the
reactive phosphorus (PO,”) was determined by ion chromatography (IC) (Dionex ICS-3000).
Soluble contents of both manure and WAS were analyzed after filtration through cellulose acetate
0.45 um filter (Sartorius, Germany). Hydrogen peroxide was determined by the iodometric method.

The inlet and off-gas ozone concentrations were monitored with an online ozone analyzer (Fisher
Ozotron 23).

Results and Discussion
The average characteristics of the manure and WAS are listed in Table 1.

Table 1. Characterization of WAS and manure

Manure WAS

Parameter Value Parameter Value
pH 8.6 pH 6.5
Organic carbon (%) 26.5 TCOD (g/L) 10.7
Total nitrogen (%) 1.42 SCOD (mg/L) 130.0
C (Humic Acid) (%) 0.98 TKN (mg/L) 350
C (Fulvic Acid) (%) 1.15 TP (mg/L) 100
NH,"-N (mg/kg) 195 Alkalinity (g/L) 1.5
NO; -N (mg/kg) 510

In order to increase the effectiveness of the applied oxidation process for antibiotic destruction,
both manure and WAS were subjected to a selective extraction pretreatment. The extraction
efficiencies of OTC from manure and WAS with the optimum magnesium salt concentrations and
after 30 min and 3 h of extraction periods, respectively are given in Table 2. 63.9% and 50% OTC
extraction could be achieved by the pretreatment from manure and WAS, respectively as a result of
complex formation between the magnesium cations and the OTC molecules (Tongaree et al.,
2000).

High removal rates of OTC were achieved both from manure and WAS even by 15 min of
ozonation. This is most probably the result of a reaction between the desorbed OTC to the liquid
phase and the oxidant in aqueous phase of the slurry. The differences in the reaction conditions
(volume, OTC concentration, oxidant dose, etc.) and the matrix components of the manure and
WAS systems resulted in different removal rates in the early stages (i.e. 15 min) of ozonation;
nevertheless, high removal rates were obtained in both matrices by 60 min of ozonation. It is
obvious that a considerably high ozone dose is necessary for high OTC removal. But antibiotics are
not the only pollutant in WAS that limits its disposal to land. Despite the increase in the SCOD by
WAS solubilization at the higher ozone dose, the overall OTC removal reached 98.2%. It can be
deduced that the amount of the solubilized sludge constituents in the final stages of ozonation have
a minor effect and the OTC removal may become desorption-limited after consumption of the
antibiotic present in the soluble phase. Complete removal of OTC could not be achieved both from
manure and WAS. Higher oxidant doses may be required for the removal of the strongly bound
residual antibiotic. During Fenton oxidation, remarkable degree of OTC removal from manure was
obtained in 2 min of reaction as a result of the pretreatment. The removal was improved only by 13
% by extending the reaction period to 24 h. Comparative OTC removal from WAS was obtained in
2h of reaction, however with a relatively higher H,O, dose from that utilized for manure. Again
this may be the result of differences in the reaction conditions as well as the result of the effect of
the different matrix components. The overall OTC removal degrees achieved in manure and WAS
were lower than those obtained with ozonation. This can be due to fast consumption of the initially
added oxidant in Fenton oxidation, as opposed to the continuous oxidant supply during ozonation.
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Table 2. Ozone and Fenton oxidation of manure and WAS: Effect of oxidation on antibiotic removal, organic
carbon and SCOD

Mg Pretreatment
Manure WAS
Mg*'=0.07g/g manure Mg*'=1.21 g/g TS
Pretreatment time OTC in liquid phase Pretreatment time OTC in liquid phase
30 min 63.9 % 3h 50.0 %
Ozone Oxidation
Manure WAS
05=0.02 g/min, pH=10 0;=0.35 g/min, pH=8
Reaction time OTC removal Reaction time OTC removal
15 min 92.0 % 15 min 79.1 %
60 min 96.0 % 60 min 98.2 %
Reaction time COD* solubilization Reaction time COD solubilization
15 min 32.4 % increase 15 min 44.7 % increase
60 min 36.5 % increase 60 min 336.3 % increase
oC No change
Fenton Oxidation
Manure WAS
H,0,=44 g/kg manure Fe(g)/ H,0, (g)=1.65, H,0,=150 g/kg TS : Fe(g)/ H,0,(g)=1.3,
pH=2.6 pH=3
Reaction time OTC removal Reaction time OTC removal
2 min 80.0 % 2h 90.0 %
24 h 93.0 %
Reaction time COD solubilization Reaction time COD solubilization
2 min 50.2 % decrease 2h 341.1 % increase
24 h 13.2 % decrease
Reaction time OC change
2 min 4.5 % decrease
24 h 4.5 % decrease
*COD=SCOD

Table 2 also presents the variation of SCOD values by the application of oxidation processes to the
manure and WAS. As can be seen from the table, oxidation resulted in COD solubilization. Higher
SCOD release from the WAS was obtained by the Fenton treatment compared to ozonation. By
applying high ozone doses continuously, simultaneous SCOD release and degradation could have
taken place. Solubilization of manure did not improve remarkably by ozonation after 15 min, while
the increase in the SCOD of WAS was more evident during prolonged ozonation, showing higher
amount of solubilizable content. While high release of SCOD was obtained in the WAS by Fenton
oxidation, the SCOD in manure decreased during the first 2 min, showing the reaction of the
oxidant with the manure constituents. Thereafter, the SCOD increased as a result of organic matter
release from manure, but the overall final value was lower than the initial. This difference in the
SCOD behavior during Fenton oxidation of the two matrices can be due to their different textures.
The OC content of the manure was not affected during ozonation, while decrease was observed
during the Fenton process. It can be concluded that ozone reacts selectively with OTC rather than
other manure constituents.

The effects of the pretreatment and ozonation on the soluble ammonia and the reactive phosphorus
content of WAS, as well as the effect of ozonation on the mineral nitrogen content (Ny;) of the
manure are shown in Table 3. The fate of the nutrients in the manure was not evaluated during the
pretreatment.
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Table 3. Ozone oxidation of manure and WAS: Effect of oxidation on nutrient components

Mg Pretreatment
WAS
Mg*'=1.21 g/g TS
Pretreatment time Change in PO,>
3h 87.2 % decrease
Pretreatment time Change in NH,"
3h 96.1 % decrease
Ozone Oxidation
Manure WAS
05=0.042 g/min, pH=10 0;=0.35 g/min, pH=8
Reaction time Nu solubilization Reaction time PO, solubilization*
15 min from1.2to 1.4 15 min 78.3 % increase
60 min from 1.2 to 1.8 60 min 241.7 % increase
Reaction time NH," solubilization*
15 min 900 % increase
60 min 3100 % increase

*Based on the differences between the values after pretreatment and the values after oxidation

The pretreatment of the WAS by Mg”" resulted in a remarkable decrease in the reactive phosphorus
concentration (from 47 mg/L to 6 mg/L) and ammonia concentration (from 2.6 mg/L to 0.1 mg/L),
probably due to the formation of an insoluble magnesium ammonium complex as documented in
previous studies (Ohtman et al., 2010). Further ozonation of the WAS on the other hand, resulted in
the release of both NH," and PO,> as a result of sludge solubilization. As a result of the combined
treatment, the amount of the overall soluble PO4> concentration (2.5 mg/L) of the WAS was
remarkably lower than that of the initial concentration that was measured prior to pretreatment.
Therefore, it can be concluded that the precipitation of the solubilized phosphate can increase the
fertilizer value of the WAS. Similarly, the Ny, of the treated manure, which is the sum of NH;3-N
and NOs5-N, represents the portion of manure that can be utilized by plants.

Conclusion

The chemical oxidation processes, ozonation and Fenton, constitute promising technologies for the
removal of recalcitrant antibiotics from solid matrices such as manure and WAS and therefore can
decrease the risk of antibiotic pollution resulting from utilization of manure and sludge as soil
amendments. The application of a pretreatment prior to the oxidation processes provided important
advantages such as increased oxidant contaminant contact and phosphorus recovery from the WAS.
It is anticipated that both manure and sludge fertilizer values will be improved by the combined
processes of pretreatment and ozonation or Fenton oxidation.
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Abstract

Allelopathy can be defined as an important mechanism of plant interference mediated by the addition of
plant-produced secondary products to the soil rhizosphere. Allelochemical substances released from the plant
by four general routs like leachates, decomposition, volatilization and root exudation. In this experiment, the
effect of volatile compounds of fresh plant part of paddy weeds viz. Cyperus difformis, Echinochloa
crusgalli, Paspalum paspaloides and Sagittaria trifolia in surface sterilized Desicator for 48 h on radicle and
hypocotyl length of rice seedling and seed germination of Neda variety in soil and water were assayed.
Results of volatilization bioassay of Cyperus difformis revealed that both radicle and hypocotyl length of
paddy seedling as well as seed germination of test crop were significantly hampered by water kept with fresh
plant materials of mentioned weed in airtight jar than soil which was not hampering on these parameters. Soil
kept with fresh plant parts of the other weeds had no significant inhibition effect on radicle and hypocotyl
length and seed germination except Echinochola crusgalli which significantly hampered on length of
seedling about 37.2% only. In other method of study about water kept with plant material of these weeds was
hampering on length of seedling in great extent. By preliminary phytochemical method, the secondary
compound like terpenoids in root, stem, leaf and other parts of these weeds were detected. This study showed
that the volatile compounds from studied weeds will be diffuse into distilled water more than soil solution.
Keywords: Weeds, volatile compounds, terpenoids, Soil and water

Introduction

Allelopathy can be defined as an important mechanism of plant interference mediated by the
addition of plant-produced secondary products to the soil rhizosphere. Allelochemical substances
released from the plant by four general routs like leachates, decomposition, volatilization and root
exudation. Volatile toxins from the plants release into the atmosphere (Muller, 1966). Phenomenon
of volatilization is too much significant under arid or semi- arid conditions than moister area. The
compounds may be absorbed in vapour by surrounding plants be absorbed from condensate in dew
or may reach the soil and be taken up by the roots (Rice, 1984 and Putnam, 1985).

In this experiment, the effect of volatile compounds of fresh plant part of paddy weeds viz. Cyperus
difformis L., Echinochloa crusgalli (L.) P. Beauv., Paspalum paspaloides (Michx.) Scribner and
Sagittaria trifolia L. in surface sterilized air tight glass jar (Desicator) for 48 h on radicle and
hypocotyl length of rice seedling and seed germination of Neda variety in soil and water were
assayed.

Material and methods

To test volatile components, are diffuse from the studied weed species, if any involved in the
inhibitory effect on neighbouring crop plants, fresh weed species were collected from different
farm of paddy fields. The samples were collected at full flowering stage. Then fresh plant parts
were made clean with brush to remove soil and dust particles. From each plant species fresh parts
(150 g) were kept in surface sterilized air tight glass jar for 48 h. Soil (150 g) and water (150 ml)
were kept inside the glass jar separately in such a way that they are not indirect contact with plant
materials, and the air inside only acts as a carrier for volatile substances (Avchar and Deokule,
2007). The soil and water, thus obtained were used for further bioassay using test crop. For
laboratory bioassay, 10 healthy surface sterilized seeds of each variety were placed in sterilized
petridish (10 cm diameter) containing a Whatman No.1 filter paper. 10 ml of the water obtained
from glass jar was utilized to moisten the filter paper, and 10 g soil obtained from glass jar was
used as a layer and made wet with 10 ml distilled water. Soil sample (free from growth of
experimental weed species) from adjacent fields or sites in the same fields where the experimental
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plants were not present was used as control soil (El Khatib, 1998) at the rate of 10 g per petridish.
The soil was prepared with intensive attention of weeds through Rice Research Institute (RRI) of
Amol (Iran). The triplicate of each dish were made under laboratory conditions (room
temperaturemaximum temperature during mid day: 25 to 28°C) for seven days (Maharjan et al.
2007). All the petridish were wrapped in brown paper to avoid direct light. The slight emergence of
radicle was considered as a sign of germination. On 8" day germination percentage was determined
and root and hypocotyl length in cm was measured.

Preliminary phytochemical method was used for detection and confirmation of Terpenoids in root,
stem and leaf of studied weeds by using standard method of Trease and Evans, 1989 and
Harborne,1973 c.f. Edeoga et al. 2005. Student’s t- test was used for comparison of two means.

Result and Discussion

Results of volatilization bioassay of Cyperus difformis (in Tables 1 and 2) revealed that radicle and
hypocotyl length of paddy seedling as well as seed germination of test crop were significantly
hampered (t- test, p < 0.05) by water kept with fresh plant material of above weed in airtight jar
than soil which was not hampering on radicle and hypocotyl as well seed germination of test crop.

Table 1. Effects of volatilization bioassay from Cyperus difformis (water) on seedling growth and
seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.55+0.18 4.16+0.75 8.71+£0.93 90.00+10.00
Treated water 1.10£0.78 0.58+0.39 1.68£1.16 33.33+15.27
p- value 0.013 0.014 0.012 0.019

Table 2. Effects of volatilization bioassay from Cyperus difformis (soil) on seedling growth and
seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.334+0.17 3.16+£0.27 7.50+0.40 83.33+5.77
Treated water 4.14+1.00 2.69+0.38 6.83+1.35 76.67+15.27
p- value 0.759 0.161 0.464 0.520

Volatilize secondary compound like terpenoids in root, stem and leaf of studied weeds were
detected. Perhaps this chemical more absorbed by water which is responsible for significant
allelopathic effects.

In case of Echinochloa crusgalli, water kept with fresh plant parts in airtight jar significantly
hampered on both radicle and hypocotyl length of test crop (t-test, p < 0.05). It was also showed
that germination percentage of test crop was not significantly hampered from that collected water
in airtight jar. In other method of study, soil kept with plant material in airtight jar significantly
hampered on radicle length (t-test, p < 0.05) as compared with hypocotyl length of paddy seedling
which was not affected. However, the negative impact of that collected soil on radicle length
caused a decrease on seedling growth of test crop. It was also recorded that seed germination was
not sensitive from that collected soil from airtight jar. However, seedling growth of test crop was
more sensitive to water than soil about 48.22 and 37.2 % respectively (Tables 3 and 4).

Table 3. Effects of volatilization bioassay from Echinochloa crusgalli (water) on seedling growth
and seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.55+0.18 4.16+0.75 8.71+£0.93 90.00+10.00
Treated water 2.62+0.57 1.89+0.96 4.51+1.53 80.00+£10.00
p- value 0.018 0.046 0.029 0.292
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Table 4. Effects of volatilization bioassay from Echinochloa crusgalli (soil) on seedling growth and
seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.334+0.17 3.16+£0.27 7.50+0.40 83.33+£5.77
Treated soil 2.70+0.52 2.01+0.89 4.71£1.32 73.33+£15.27
p- value 0.020 0.109 0.039 0.352

Results of volatilization bioassay of Paspalum paspaloides showed in Tables (5 and 6) indicated
that water kept with fresh plant parts airtight jar significantly affected on radicle (t- test, p < 0.01)
as well as hypocotyl length (t- test, p < 0.05) of test crop. It was also recorded that seed
germination was not remarkable affected. In case of soil kept with plant material in airtight jar had
a weak effect on radicle and hypocotyl as well as percentage of germination of paddy seeds.

Table 5. Effects of volatilization bioassay from Paspalum paspaloides (water) on seedling growth
and seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.55+0.18 4.16+0.75 8.71+0.93 90.00£10.00
Treated water 2.41+0.07 1.72+0.56 4.13+0.62 63.33+£11.55
p- value 0.009 0.024 0.014 0.052

Table 6. Effects of volatilization bioassay from Paspalum paspaloides (soil) on seedling growth
and seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.334+0.17 3.16+£0.27 7.50+0.40 83.33+5.77
Treated soil 3.03+0.97 2.51+0.45 5.55+1.40 76.67+11.55
p- value 0.096 0.109 0.092 0.424

Data analysis of volatilization bioassay from fresh plant parts of Sagittaria trifolia (in Tables 7 and
8) revealed that radicle and hypocotyl length of paddy seedling exclusively was hampered (t-test, p
< 0.05) by water kept with fresh plant parts in airtight jar than seed germination which was not
significantly hampered. In other method of study about soil was not hampering on radicle and
hypocotyl length of seedling as well as seed germination of test crop.

Table 7. Effects of volatilization bioassay from Sagittaria trifolia (water) on seedling growth and
seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.55+0.18 4.16+0.75 8.71+£0.93 90.00+10.00
Treated water 2.95+0.71 2.22+0.15 5.17£0.86 70.00+10.00
p- value 0.034 0.026 0.022 0.082

Table 8. Effects of volatilization bioassay from Sagittaria trifolia (soil) on seedling growth and
seed germination of Neda variety.

Type of bioassay | Radicle Hypocotyl Seedling Seed

length (cm) length (cm) growth (cm) | germination (%)
Control 4.334+0.17 3.16+£0.27 7.50+0.40 83.33+5.77
Treated soil 3.45+1.04 2.34+1.12 5.79+2.14 90.00+10.00
p- value 0.227 0.291 0.252 0.377
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This study showed that the volatile compounds from studied weeds will be diffuse into distilled
water more than soil solution.
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Abstract

The biosorption of acetylsalicylic acid (ASA) from aquatic solution on live activated sludge was studied in a
batch system. The acetylsalicylic acid biosorption was attained 10 minutes. The Langmuir, Freundlich and
Tempkin isotherms models were applied to the experimental data and isotherm constants were calculated.
Equilibrum data fitted better to the Freundlich model than the others models. Gibbs free energy values were
calculated and it is concluded that the biosorption of acetylsalicylic acid from aquatic solution on live
activated sludge was endotermic in nature. Octanol-water partition coefficient, K,, ~and biosorption
coefficient, Ky, which describes the solid liquid partitioning characteristics of a compound in biosorption
mechanism were also calculated.

Keywords: Anti-Inflammatory Pharmaceuticals, Abiotic Loses, Isotherms, Activated Sludge.

1. Introduction

The release of pharmaceutical substances and their metabolites into the aquatic environment has
become an increasing concern over recent years. Hundreds of tonnes of pharmaceuticals enter
wastewater treatment plants each year. Previous studies show that, pharmaceuticals and their
metabolites are poorly removed during wastewater treatment. As a result they are detectable in
wastewater treatment plants effulents, rivers, lakes, seas and rarely in groundwater (Heberer, 2002,
Calamari et al, 2003, Miao et al, 2002).

Acetylsalicylic acid known by trade name of Aspirin. Aspirin is used to relieve pain, fever, and
inflammation in various conditions such as the flu, common cold, headache, migraines, nerve pain,
toothache and muscle pain. More than 10.000 tons of aspirin are consumed in the United States
each year (Insel et al, 1990). Below, the chemical structures of the acetylsalicylic acid is shown.

O

@ﬁ:w
DY

Fig. 1. Chemical structures to Acetylsalicylic acid

Acetylsalicylic acid is the salicylate ester of acetic acid. It is the pro-type of the salicylates
and is a non-steroidal anti-inflammatory agent (NSAIA). The drug is hydrolysed in vivo to give
salicylic acid in the stomach, which is its active form. Then salicylic acid is quickly absorbed and is
responsible for the effects of aspirin (Sagar et al, 1999; Lutomsky et al, 1995). The purpose of this
work is to determine adsorption properties of live activated sludge for the uptake of acetylsalicylic
acid from aqueous solution. In this way, kinetic and equilibrium biosorption data were obtained and
the effect of several sludge dose (0.5 g and 1.0 g) in the biosorption process was evaluated.

2. Materials and Methods

The activated sludge was collected from the full scale activated sludge plant of Pepsi Soft Drink
Filling Industry, Adana, Turkey. The biosorbent was used on the same day as it was sampled. Total
suspended solids (TSS) were measured by the standard gravimetric technique (Standard Methods,
1998). Test solutions containing acetylsalicylic acid were prepared by fresh stock acetylsalicylic
acid solution which was obtained by dissolving weighed quantity of aspirin in methanol and
distilled water. Some physical and chemical properties of acetylsalicylic acid used in this work are
summarized in Table 1.
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Tablel. Some physical and chemical properties of acetylsalicylic acid

Drug class Analgesics

CAS Number 50-78-2

Chemical name Benzoic acid, 2-(acetyloxyl)-Salicylic acid acetate

Chemical Formula CoHgOy4

Molecular weight (g/mol) 180.16

Solubility in water (mg/L) 3300

Melting point (°C) 136

Plasma half life [h] 300-650 mg/day 3.1-3.2 sa
1 g/day 5 sa

UV Spectrums (Wavelenght) (Amax) nm 200

Solubility Soluble in water

Physical appearances White crystalline

Odor Odorless

Metabolites Salicylic acid

The sorption tests were conducted in a routine manner by a batch technique at 25 °C. The activated
sludge (62.50 ml) was added to aqueous soluions (62.50 ml) of acetylsalicylic acid. Volume of
final mix was adjusted to 125 ml containing 4000 mg/L activated sludge (0.5 g). Accordind to
second study the activated sludge (125 ml) was added to aqueous (125 ml) of acetylsalicylic acid.
Volume of final mix was adjusted to 250 ml containing 4000 mg/L activated sludge (1.0 g). The
data for deriving the isotherms constant were obtained by using sludge (0.5 g and 1.0 g) and
acetylsalicylic acid concentrations of 25, 50, 100 and 200 mg/L. The contact time was 160 min.
Before analysis the samples were centrufuged at 6000 rpm for 20 min and the supernatant liquid
was analysed for the remaining acetylsalicylic acid. All the experiments were carried out in
duplicates. The final concentration of acetylsalicylic acid in solution was measured using an UV-
Vis spectrophotometer Perkin Elmer at a wavelength of 200 nm. The amount of acetylsalicylic acid
biosorbet onto activated sludge biosorbent, qe (mg g'), was calculated by a mass balance
relationship as follows:
qe:(CO'Ce) Y

W
where C, and C. are the initial and equilibrium liquid-phase concentration of acetylsalicylic acid,
respectively (mg 1), V the volume of the solution (1) and W is the dry weight (g) of activated
sludge.

3. Results
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Figure 1. Changing of specific adsorption results for various acetylsalicylic acid concentration (0.5
g adsorbent)
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Figure 2. Changing of specific adsorption results for various acetylsalicylic acid concentration (1.0
g adsorbent)

Table 2. Applied isotherm models and their linear forms

Isotherm Linear form plot
. C, _ LC N 1 , c
Langmuir 1 7. 4. ° K.q. Z vs. Ce
Langmuir 2 L_( ! JL+L 1L
angmuir ge - q,K,C, q. K,q, )C. q, 7 . C
1+K,C, 1 \g q
Langmuir 3 q,=49, — (K_HJC_Z e VS. CZ
Langmuir 4 ge =K,q, -K.q. % VS. Qe
Freundlich ge=K, c " log(qe) = log(Ky) +1/nlog(Ce) log(qe) vs. log(Ce)
Tempkin q, = %M( K C,) q~BInK+BInC, de vs. In C,

Table 9 The Parameters Obtained From The Isotherm Models For acetylsalicylic acid Biosorption

0.5 g)

Isotherm Parameters Values Equations
n 1.0285

Freundlich K, (mg/g)(L/mg)"" 0.0189 y =0.9722x-1.7222
r 0.769
¢ (mg/g) 5.461

Langmuir 1 K, (L/mg) 0.0182 y =0.1831 x-54.715
r 0.3059
g, (mg/g) -1.351

Langmuir 2 K, (L/mg) -0.0063 y =116.47x-0.74
r 0.915
g, (mg/g) 0.5421

Langmuir 3 K, (L/mg) -0.0190 y =52.556x+0.5421
r 0.616
g, (mg/g) -1.194

Langmuir 4 K, (L/mg) -0.0072 y = 0.0072x+0.0086
r 0.616
B 0.852

Tempkin Kr 0.096 y =0.8523x-1.9904
r 0.688
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Table 9 The Parameters Obtained From The Isotherm Models For acetylsalicylic acid Biosorption

(1.0g)

Isotherm Parameters Values Equations
n 1.00715

Freundlich K, (mg/g)(L/mg)"" 0.0209 y =0.9929x-1.6798
r 0.799

Langmuir 1 g, (mg/g) 12.468
K, (L/mg) 0.0153 y =-0.0802 x+65.329
r 0.1503

Langmuir 2 g, (mg/g) 1.926
K, (L/mg) 0.021 y =23.84x+0.5191
r 0.680

Langmuir 3 g, (mg/g) -1.5255
K, (L/mg) -0.00602 y =165.88x-1.5255
r 0.713

Langmuir 4 g, (mg/g) -5.258
K, (L/mg) -0.0031 y =0.0031x+0.0163
r 0.713

Tempkin B 2.758
Kr 0.035 y =2.7589x-9.237
r 0.769

Table Results from Langmuir Model to the equilibrium data of the adsorption of salicylic acid onto
the adsorbents used (Otera, M., 2004)

Langmuir 1 Filtrasorb F400 Sephabeads SP207 Sephabeads SP206
g, (mg/g) 351.0 81.6 45.2
K, (L/mg) 1.85 107 2.03 107 1.2710°

It is well known that Gibbs free energy would define system non spontaneity. Gibbs free

energy (AG) can be calculated from the following equlations:

K~=C,/C,

AG = -RTInK",
where K. is the equilibrium constant, K’ is the thermodynamic equilibrium constant C, is the
equilibrium concentration in solution (mg/L) R is the universal gas constant 8.314 J/mol, and T is
temperature (K). Thermodynamic equilibrium constant (K°) can be calculated from the
equilibrium constant by plotting equilibrium constant against initial ASA concentration (Aksu Z.,
2002).
Table 3 Comparison of gibbs free energy values for various system

Sorbent Drug AG (kj/mol) T (K)
Aktivated Sludge (0.5 g) (This work) ASA 7.580 298
Activated Sludge (1.0 g) (This work) ASA 18.380 298
Kaolin (0.25 g)' Metmorfin HCI 3.43 310.50
Attapuligate (0.25 g)' Metmorfin HCI 1.017 310.50

Table 3 shows the comparision of Gibbs free energy values adsorbents. The positive AG
values confirm the nonspontaneous nature of adsorption process, there is some sort of interactions
but weak interactions (Al-Bayati, 2010). Sorption ability can be estimated from the sorption
coefficient (K4) that mainly depends on the properties of the both acetylsalicylic acid and sludge.
Following equation is given for the calculation of K4; K4= q./C. where; ¢, is the equilibrium solid
phase concentration (mg/g), and Ce is the equilibrium concentration of acetylsalicylic acid in
solution after biosorption (mg/L) and Kd sorption coefficient (L/g). Several studies report
expressions where K, is estimated direcly from the octanol-water partition coefficient (Koy).
Octanol-water partitioning coefficient can be calculated using following equation. K,,= C./C,,
where; C,: concentration of compounds at octanol phase (mg/L), C : concentration of compounds
at water phase (mg/L). The effectiveness of sorption can be stated using the octanol water partition
coefficient (K,) (Jones et al 2007; Rogers, 1996).
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1) If log K, is less than 2.5, the compound has a low adsorption potential.

2) If log K, is between 2.5 and 4 the compound has a medium adsorption potential
3) If log Koy, is greater than 4, the compound has a high adsorption potential
According to Table 9, ASA has low adsorption potential by live activated sludge.
Table 5. Experimentally obtained K4 values (0.5 g sorbent)

Initial concentrations (mg/L) | K4 (L kg™) K4 (average)
25 9.028
50 32.114
100 30.938
200 9.003 20.271
Table 6. Experimentally obtained K4 values (1.0 g sorbent)
Initial concentrations (mg/L) | K4 (L kg™) K4 (average)
25 31.578
50 15.184
100 9.154
200 38.551 23.617
Tablo 7 Some reported Ky values for various pharmaceuticals
Adsorban/Adsorbat Kq (L kg™ Referances
Soil Ferralsol 12/ Salicilic Acid 26.04 Dubus et al, (2001)
Table 8 Equations developed based on relations between Kyand Koy,
Equations References
log K4=0,58 log K, *1,14 Dobbs et al., 1989
Ks=0,39+0,67 K\, Matter-Miiller et al., 1980
K=0,33453* K, Karickhoff. 1984
K4=0,1435* K,y Lauridsen et al., 2000
Table 9 Values of K, and Log K,
System LogKd=0.58LogKow+1.14 Kd=0.39+0.67 Kow Kd=0.33453*Kow | Kd=0.1435*Kow
Kow Log Kow Kow Log Kow Kow LogKow Kow LogKow
ASA- 0.481 -0.317 12.892 | 1.110 2698 | 1.431 | 6291 |1.798
Activated | 4.285 0.632 47.349 | 1.675 9599 |1.982 |223.7 |2.349
Sludge 4.017 0.604 45.594 | 1.658 9248 | 1966 |215.5 |2.333
0.5g) 0.478 -0.320 12.855 | 1.109 [ 2691 |1.429 |62.73 |1.797
Average 0.516 0.287 29.673 | 1.472 60.59 | 1.782 | 141.2 | 2.150
ASA- 4.159 0.619 46.549 | 1.667 9439 | 1974 |220.0 |2.342
Activated | 1.177 0.071 22.080 | 1.344 4538 | 1.656 | 1058 | 2.024
Sludge 0.931 -0.0307 13.080 | 1.116 27.36 | 1.437 | 63.79 | 1.804
(1.0g) 5.874 0.769 56.956 | 1.755 | 115.2 | 2.061 [268.6 |2.429
Average 2.523 0.402 34.667 | 1.539 70.59 | 1.848 | 164.5 | 2.216
Table 10. Some reported Log K, values for pharmaceuticals in literature
Pharmaceuticals Log K,y value References
Salicylic acid 2.26 Dubus et al, (2001)
Carbamazepine 2.25 Scheytt et al., (2005)

According to some Log Kow values for acidic pharmaceuticals by various researcher are
given at Table 10. Values for salicylic acid and carbamazepine were found between 2.26 and 2.25
respectively. Hence acetil salicylic acid has low adsorption potential by activated sludge and also
these were in good agreement reported at literature.

4.Discussion
From the work presented here following conclusions can be drawn;
= ASA was adsorbed by live activated sludge to some degree,
= Biosorption was fast completed with in 10 minutes
= Based on the K4 and K, values, it is possible to say that biosorption of ASA by live
activated sludge was not high.
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Abstract

The aim of phytoremediation is remove heavy metals from environment or reduce pollution. It is a green
revolution. In this research, Cadmium was added to soil as cadmium chloride in concentration (0, 20, 40,
60, 80, and 120). The plant was maintained in greenhouse under controlled circumstances. Then its effects
were evaluated on Amaranthus retroflexus L. After harvest, cadmium content of the plant and soil was
measured by ICP. Results of the experiment indicated that toxicity of cadmium was lead to reduce the plant
growth in cadmium concentrations more than 10 mg/ kg soil. The Cd concentration was increased with
cadmium contents in soil and the maximum accumulation occurred in the roots. High accumulation of Cd by
this halophyte reveals that Amaranthus retroflexusL. can be considered as a suitable plant for phytoremediate
Cd-contaminated soils, despite the fact that its biomass decreases by increasing soil cadmium.

Keywords: Amaranthus retroflexus , phytoremediation , Pollution , contaminated

Introduction

From a global perspective of climate, soil crust, the third major component of the human
environment is considered today as a non-renewable resource is being destroyed. Accumulation of
heavy metals in the soil of human concern in the present century is It can affect plant growth,
health and environmental quality of agricultural products may have adverse effects (Ferguson,
1990).Human interference and moving of heavy metals in the geochemical cycles of these metals
in the biosphere is an important process Release in the environment that they are faster than normal
(Anthology, 1384).Biological accumulation of heavy metals in the food chain can be dangerous for
human health (okrono, 2005). Heavy metals are usually two inhalation and feeding to humans, are
entered. Today's world can be inspired by nature and its pristine inevitable failure of reforms in
order to eliminate the dust pollution.Pollution refining technologies revolving around the plant,
called "phytoremediation" or "green refinery" plants using And positive interaction and help with
soil organisms Contaminants from soil and groundwater will be refined in situ. Cadmium is an
element of environmental pollutants. Cadmium with the usual 0.6 to 1.1 mg. Kg is movable
element in heavy soil, the element for humans and plants is not necessary, and it hurt for plant
growth is not, but for humans and animals, very deadly. So be it from entering the environment and
food chain to stop. Losses and damages resulting from the use of cadmium in humans with high
blood pressure, lung cancer, kidney damage, nerve pain and heart disease is spread and ... . Has
been associated .Phytoremediation is a technique economical, environmental, and scientific, which
is very suitable for developing countries, unfortunately, despite these potential remains in some
countries as a technology, not commercial use. The technology of green plants and its relationship
with soil microorganisms are used to reduce pollution.

According to general principles of different methods of refining plant to be one of the best
methods, is plant consolidation phytoextraction in this way the plant to absorb, concentrate and
Sequestration of toxic metals from contaminated soils in populations of plant shoots and roots are
used. To achieve a good result in phytoremediation techniques should be used simultaneously for
several factors, including 1 - more than the desired metal accumulation of plants. 2 - High level of
plant biomass. 3 - Transfer of metals from root to shoot is at a high level.

Cadmium uptake by plant roots to the environment and the chemical species of cadmium in the soil
depends. In general, any linear relationship between concentration of cadmium in the body and the
surrounding plant roots there.
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Materials and Methods

We are a species of plants Amarantus Retroflexus that they are drought tolerant plants and
halophytes as a suitable plant for phytoremediation cadmium are introduced. Therefore, some
selected soil characteristics we consider the following table :( table 1)

Table 1 Analysis of the soil before testing and contaminated by cadmium salts.

Acidity | levels of 5
EC of A . levels of Soil bulk . . .
water Irrigati | cadmiu |\ 4 ium | density | %CaCo3 | CEC | %N | Orgamic | ECofsoil Soil Soil
on m in L carbon. Mmbho /cm acidity
Mmbho /cm in soil g/cm3
water water
1.2 7.4 0.013 1.22 1.334 7.5 14 | 007 | 07 6.71 7.58 Sa‘}gzl;'ay

EC = Electrical conductivity of water Mmho /cm (millimhos per centimeter)

Acidity Irrigation water = Adjusting the pH of Irrigation Water

Levels of cadmium in water = the initial concentration of cadmium in water Mg /liter (milligrams per liter)
Levels of cadmium in soil = the initial concentration of cadmium in soil Mg/ kg (milligrams per kg)

CEC = Caption exchange capacity (maximum quantity of total captions) (cmol+/kg)

% N =Percent OF Nitrogen

EC = Electrical conductivity of soil Mmho /cm ( millimhos per centimeter)

Soil acidity = Adjusting the pH of Irrigation soil

In this method, phytoremediation of contaminated soil must be at least 2 months before planting.
Certain amount (CdclzH20) to help the spray to the soil and mix it thoroughly, we Permitted
concentration of cadmium in the range of 0.6 to 5 mg kg. And contaminated samples with a
concentration of zero, 20, 40, 60, 80, 120 mg. kg of cadmium should be considered for work. In
this study, height 20 cm pots with three replicates for each concentration of use..The contaminated
soil, especially the apparent mass density of the compacted soil in the pot, we have studied.
Amarantus Retroflexus seeds after planting, the pots kept in controlled conditions after the
completion of the course, we do take samples from various organs of the plant. To determine the
pollutant concentrations in the ppb range, the washing with distilled water, measuring plant fresh
weight, plant height, diameter and amount of chlorophyll a and chlorophyll b will have. The
samples in special bags, dried in a dryer with a temperature of 70 ° C are. After grinding, the
concentration of cadmium in plants and oxidation method with ICP-OES measurements can be
obtained from plant samples. The data obtained in factorial experiments with randomized complete
block design with software Spss done. To determine the amount of soluble cadmium in the soil
(soil sample pots) to 10 g of soil sample, 25 mg solution of 0.0050 molar EDTA added, and 16
hours in centrifuges used to extract smooth and cadmium with atomic absorption measurements
are. at the end of the data obtained from experiments, the Amarantus Retroflexus pigweed plants
for the refining plant is referred to cadmium-contaminated soils.

Results

Analysis of physical and chemical soil showed that the salinity of soil saturation extract used in this
experiment, 6.7 dS/ m which the amount of salt for culturing four species studied, the salty taste
being the problem not the cause will not yield and electrical conductivity that is suitable for their
cultivation. The soil PH test with 7.5 which is popular passion for plants. Sand, silt and clay,
respectively, 50%, 24% and 26% was thus textured is a sandy clay loam. This soil is fairly light
and allows proper root growth and distribution provides. The soil used in this study, soil is with
low organic matter (0.7%).Drip irrigation soil moisture during the experiment by approximately
"was kept constant and equal to field capacity. The initial concentration of cadmium in soil samples
with 1.18 mg/ kg was compared to the allowable concentration of cadmium in the soil are allowed.
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Figure 1. Linear chart the changes between Amarantus Retroflexus dry weight (g/m2) of soil cadmium

concentrations in (mg/kg)

Cadmium concentration in soil, plant dry weight decreased to 39.475 up to concentrations of
cadmium concentration in soil and plant dry weight is constant. (Figurel)

140 Changes the cadmium in roots and shoots of Amaranthms plant

120 A ® cdon shoot,ppm cd on root,ppm

100 - B

80 - =

60 - =

40 - = =

e 1

0 = .‘ilﬁ = =N
13 15
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Cadmium concentrations in shoots and roots in terms of mg. kg
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Figure 2. Bar graph of the changes in shoots and root cadmium concentrations in (mg.kg) of total cadmium
concentration in (mg.kg) of soil
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changes the cadmium in roots and shoots of amaranthus plant
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Figure 3. Area graph of the changes in shoot and root cadmium concentrations in (mg.kg) of total cadmium
concentration in (mg.kg) of soil

Given the above graph it can be said with regard to increasing concentrations of cadmium in the
soil, the concentration of cadmium is absorbed in the roots more than shoots. (Figure 2, Figure 3)

160 - Cadmium levels in harvested Amaranthus

140 -

120 - *
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Figure 5. Linear chart changes in the amount of cadmium (g.hectare) of shoot cadmium concentration in soil
(mg/ kg)

According to this chart due to the high concentration of cadmium in the soil, the amount of
cadmium in shoot to concentrations ranging between" 70 to 80" increases the concentration, but
will then decline. (Figure 5)

Acknowledgements

Praise God and thanks to his boundless grace believers who gave it to us so we can succeed in
order to fix the problem of soil contamination problems and the promotion of agricultural
knowledge and provide a healthy environment and with the coming freshness. Thanks to my
parents who grew up and prospered View Post Originally I had helped my talent. In the end, I
dedicate this paper to my homeland, Iran, and I thank my dear colleague Mrs. M. Mazhari doctor,
engineer Mehdi Khosravi, which was my main incentive in this area. Finally, he expressed thanks
and appreciation to my very own.

204



SOIL AND WATER POLLUTION

References

M. Mazhari, Soil contamination with heavy metals and refining plant. Faculty Member of
Islamic Azad University of Karaj

Brown SL, Chaney RL, Angle JS, Baker AM (1995) Zinc and cadmium uptake by
hyperaccumulator Thlaspi caerulescens grown in nutrient solution. Soil Sci Am J. 59:125-
133.

Chaney RL, Green CE, Filcheva E, Brown SL (1994) Effect of iron, manganese, and zinc-
enriched biosolids compost on uptake of cadmium by lettuce from cadmium-contaminated
soils. In Sewage Sludge: Land Utilization and the Environment, eds. C.E. Clapp, W.E.
Larson, and R.H. Dowdy, pp 205-207.

Ebbs DS, Lasat MM, Brady DJ, Cornish J, Gordon R, Kochian LV (1997) Phytoextraction
of cadmium and zinc from a contaminated site. ] Environ Qual 26:1424-1430.

Escarré J, Lefebre C, Gruber W, LeBlanc M, Lepart J, Riviere Y (2000) Zinc and
cadmium  hyperaccumulation by Thiaspi caerulescens from metalliferous and
nonmetalliferous sites in Mediteranean area: Implications for phytoremediation. New
Phytologist, 145, 429-437.

Ghosh M, Singh SP (2005) A comparative study of cadmium phytoextraction by
accumulator and weed species. Environmental Pollution, 133, 365-371.

Gupta PK (2003) Soil  plant «water and fertilizer analisis. Agrobios «New Dehli,
India.P.138.

Henry JR (2000). An overview of the phytoremediation of lead and Mercury.U.S.
environmental protection Agency office of solid waste and emergency response technology
innovation office. Washington, D.C

Lasat M (2000) Phytoextraction of metals from contaminated soil: A review
ofplant/soil/metalinteraction and assessment of pertinent Agronomic issues. Technology
Innovation Office, US-EPA (5102G), 1200 Pennsylvania Ave., N.W., Washington.

205



SOIL AND WATER POLLUTION

Impact of Different Kind of Pig Manure on Organic Matter Functional Groups under
Semi-arid Climate Conditions in Albacete Region SE Spain

I. H. Yanardag *, A.R. Mermut", A. Faz Cano®, A. Biiyiikkih¢ Yanardag®

? Technical Univ. of Cartagena, Sustainable Use, Management and Reclamation Soil and Water Research
Group, Cartagena Spain.

b Department of Soil Science, Institute of Pedology, University of Saskatchewan, 51 Campus Drive,
Saskatoon, Canada SK S7N 5A8.

¢ Department of Soil Science and Plant Nutrition, Harran University, Osmanbey Campus, 63100 Sanliurfa,
Turkey.

*Corresponding Author: ibrahim.yanardag@upct.es

Abstract

Spain is the second largest pig producer in Europe, therefore managements of the waste is very
important in terms of environmental pollution and safety. The nature and properties of animal manure change
with species, age, weight, feeding diet e.g. physical-chemical process on these manures could change many
properties. Annual application of pig manure to a farmer's field in southeastern Spain caused improved soil
physical and chemical properties. The effects of manure addition on the chemical nature of soil organic
matter functional groups of organic matter (OM) are investigated by solid-state BC nuclear magnetic
resonance (NMR) spectroscopy. The objectives of this study are to clarify the effect of different kind of PS
application on the changes of structural characteristics of organic matter using C NMR, which provided
new information for improving soil fertility by PS application. The *C NMR spectroscopy’s results showed
that all pig slurry application are decreased the carboxyl and increased aromatic groups of the OM. Raw pig
slurry from liquid feeding diet increased alkyl group of OM and different feeding diet types differently
affected on O-Alkyl group. Solid state *C-NMR spectra of OM of the thirteen surface soils, representing
four different pig slurry applications and under similar vegetation display similar distribution of functional
groups, so respectively alkyl>O-alkyl>aromatic>carboxyl. The influence of pig slurry is significant in terms
of aromatic and phenolic groups.

Keywords: *C-NMR Spectrophotometry, Organic Matter, Pig Manure, SE Spain.

Introduction

Soil organic matter is very important in terms of physical, chemical and biological soil properties
which, is very essential source of nutrients for plant and microorganism. Countries under the semi-
arid Mediterranean climate zone, such as Spain, applied organic matter decomposes very rapidly in
the soil with biological activities. Therefore, identification of chemical structure of organic matter
is very important to management of the soil. Solid-state ?C NMR spectroscopy technique allows
obtaining information on the carbon components of the sample without any chemical or physical
fractionation, and is well suited by characterization of natural organic matter (Preston, 1996).

Spain is second largest pig producer in the Europe, therefore managements of the waste is very
important in terms of environment pollution and safety. This waste can be utilized as farmyard
manure in agricultural production. For this reason application and management of animal wastes
are becoming very important research topic.

The nature and properties of animal manure change with many factors such as the source, age,
weight, feeding diet, e.g. Physical-chemical processes in these manures could change many
properties. The objectives of this study are to clarify the effect of different kind of PS application
on the structural characteristics using *C-NMR, to obtain new information for improving the soil
fertility by PS application.

The “C-NMR spectra were divided into 7 chemical shift regions: alkyl-C (0-50 ppm); Methoxyl
(50-60 ppm); O-alkyl C (60-98 ppm); di-O-alkyl (98—-112 ppm); Aromatic C (112—-145ppm);
Phenolic C (145-163 ppm) and Carbonyl C (163—190 ppm). Areas of the chemical shift regions
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were measured by integration and were expressed as percentage of the total area (relative
intensity). Sidebands contribution generated by the carbonyl region was corrected by multiplying
the area under the peak to the low field sideband (215-230 ppm) by a factor of 2 and adding it to
the carboxyl area (163—190 ppm). An area equivalent to the low field sideband was deducted from
the 112—-145 ppm area to correct the high field sideband contribution in this spectra range (Faz
Cano et al., 2002).

Materials and methods

The study area, is located in the province of Albacete, in the town of Hellin, particularly in the
hamlet of Cancarix (38°.45°13’, N latitude and 1°54°19°” W longitude), shown in Fig. 1. Climate
is semiarid, with mean annual average rainfall of 376.7 mm and mean annual temperature of
20.6°C. . The major soil type is Typical Entisol-Orthent-Xerorthent (Soil Survey Staff, 1999). The
description of the study area and in-depth knowledge of it has identified the unit of production
depending on the feeding diet. It contributes to the characterization of soil resources and the
determination of the recommended doses of manure to apply.

COMUNIDAD

CUENCA

- o VALEMNCIANA
=, T

/ AN e LA
1
I~ - 4#lbacete ~

Fig. 1. Location map of the study area.

The investigated organic matter complexes are obtained from the A horizon of thirteen soil
samples, taken before and after application in non-irrigated field, planted with a continuous barley
system. Fertilizer treatments are established in the field with three replicates. These are: application
of raw and treated pig manure from conventional and liquid feeding and an unfertilized control.
The C fractions of bulk soils are examined by a solid-state CP/MAS "*C NMR. These soil samples
are air-dried and crushed to pass through the 2 mm sieve. Soil samples are sift with water to pass
through the 0.05 mm sieve and dried in the oven at 40 °C and homogenized to remove sand from
the soil. The soil samples are analysed using a spectrometer Varian Unity 300, located in the
Support to Experimental Science (in SACE Lab.-Murcia) with silicon nitride rotors of 7 mm outer
diameter and 5.6 mm internal diameter, sealed with Kel-F caps. 13C CPMAS measurements were
carried out at 4 kHz rotational speed, with a frequency of 13 C sfrq = 75 420 MHz contact time p2
= 1.5 ms. The spectrum is acquired with a recycle time of 4s and pulse of 90 ° pw = 6.7 ms.
Spectral width sw = 50 000 Hz; scans nt = 60 000 and line broadening of 100 Hz.
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Result and Discussions

Solid state CP/MAS 13C NMR spectra acquired for the loamy soil in sixteen application plot are
given in Fig. 2. The results showed that mean average of alkyl groups have changed between
39.4% and 47.4%, methoxyl groups 5.7% and 7.8%, O-alkyl groups 20.5% and 15.9%, di-O-Alkyl
groups 1.6% and 1.7%, carbonhydrate groups 24.1% and 27.3%, aromatic groups 15.3 %and
19.4%, phenolic groups 1.4% and 5.0%, aromatics 17.3 %and 24.8%, carboxyl groups 8.1% and
12.3% and A/OA have changed between 2.2 and 3.0.

Alkyl Methoxyl
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- e — ! T -
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o . © 60 - | Y
230,0 g
< < 40 -
20,0 A
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Fig. 2. Band assignments and relative distribution of C as percent reduction or increase of the main
resonances ranges from initial (black) to final samples (gray) RPS (Raw Pig Slurry), TPS (Treated Pig
Slurry), U3 (Unit 3) and U4 (Unit 4) the CPMAS 13C NMR spectra.
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Amounts of O-alkyl groups were not different from the initial and final swine manure application
in the soil on relative intensity of C region of O-alkyl group, according to paired t test. The
percentage of O-alkyl group of the raw and treated pig slurry applications in unit 4 has caused an
increase of this functional group in the soil. However application of PS to unit 3 decreased the
percentage of O-alkyl group in the soil, (Fig. 2).

The O-alkyl-C content is lower, whereas the alkyl-C content is higher in the present study (Chen
and Chiu, 2003). The alkyl carbon is a major contributor to the soil that does not contain high
amounts of organic matter under the arid and semi-arid climate condition. These soils are rather
dominated by alkyl carbon and accumulation of alkyl C may originate from a combination of
microbial and plant sources (Shepherd et al., 2001; Reiderer et al., 1993). High amount of alkyl-C
is likely associated with high bioavailability of the plant residues, which undergo fast
decomposition of the O-alkyl-C, already at early stages of humification (Lehmann et al., 1997).

Research based on 13C NMR is shown that the importance of alkyl-C as a source of stable
structures contributing to its formation rather than aromatic-C in the decomposition process of
SOM and this aromatic-C contributing to the formation of recalcitrant humic substances
(Almendros et al., 2000; Preston, 1996; Mahieu et al.,1999).

The feeding diet types are differently affected on properties of animal manure therefore, intensity
of OM functional groups are changed with different treatments. The results confirmed that; alkyl
and methoxyl-C groups were decreased with treated PS application. The O-alkyl-C groups were
decreased with liquid feeding diets and increased with solid feeding diets. The di-O-alkyl-C groups
were increased with all diet types except of RPS from liquid feeding diet. The aromatic-C gorups
intensity were increased with TPS from solid feeding diets. The phenolic groups were increased
with all PS applications. The carboxyl groups were increased RPS from solid feeding and
decreased with TPS from liquid feeding diets (Fig. 2.).

Conclusions

The high amount of alkyl group confirms rapid mineralization of organic compound. Decrease of
O-alkyl and di-O-alkyl groups’ confirms the stage of decomposition of organic matter in the soil.
Due to insufficient precipitation in Mediterranean climate conditions decomposition of organic
matter is generally low. While the solid state *C-NMR spectra of organic matter of the 13 surface
soils, representing four different pig slurry applications and under similar vegetation displayed
similar sequence of functional groups: alkyl>O-alkyl>aromatic>carboxyl. The source of pig slurry
applications did not affect the alkyl and O-alkyl functional groups statistically significantly.
However applications significantly affected the aromatic and phenolic group of organic matter.
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Abstract: The soils of SE Spain are often relatively infertile, low in organic matter, and highly susceptible to
erosion. The application of livestock waste is therefore useful. As the second largest pig producer in the
European Union, Spain generates 2x10'° kg yr' of pig slurry, over half of which is used directly as fertilizer.
When pig slurry from intensive livestock operations are applied to agricultural soils at a high rate, large
amounts of salts and heavy metals (HMs) are introduced into soils.

Using a column experiment, this study assessed the leaching potential of the downward movement of pig
slurry, after an intensive application to the top 10 cm of silty loam textured soils, in 3 different doses: D; (170
kg N/ha), D; (540 kg N/ha) and unfertilized plots (C) served as controls. The possibility of HMs (Cu, Zn , Cr,
Mn, Co, Ni, Mo, Pb and Cd) transfer from soil to ground-water was investigated through the analyses of
solutions each week.

The results showed that concentrations of HMs in leachates were in the following order:
Mn>Mo>Fe>Cu>Ni> Zn>Pb>Cr>Co>Cd. All the concentrations of HMs in the leachate samples are in
permissible limits of Europe standard. High concentration of Cu and Zn in pig slurry causes higher leaching
and uptake risk by plants in a silty loam soil.

Keywords: HMs, Leaching System, Undisturbed Soil Column.
Introduction

The recycling of pig slurry in agricultural soils is an alternative and valuable practice in countries
such as Spain with significant European pig production (>2.5 million in 1998). Spain is the second
pig producer in the Europe with 19% production power, with economic value of 3.7 billion €
(Hansson, 2003). This is particularly the case since many regions are arid and are comprised of
poor soils (<1% organic matter). Recycling of organic matter applied to agricultural soils adds .
When pig slurry from intensive livestock operations is applied to agricultural at a high rate, large
amounts of heavy metals (HMs) are introduced into soils.

Heavy metals (HMs) are one of the most dangerous contaminants for environment and humans
(Bradl, 2005). Once excessive HMs enter in the soil, water or air, it may become hazardous to
human health through consumption of food crops cultivated in these contaminated environments
(Zhao et al., 2002 and Wang et al., 2003). Food and Agriculture Organization (FAO) and Word
Health Organization (WHO), United States Environment Protection Agency (US EPA) and other
regulatory bodies of other countries strictly regulate the allowable concentrations or maximum
permitted concentrations of toxic HMs in foodstuffs (FAO, 1984 and US EPA (United States
Environmental Protection Agency, 2000).

The objective of this study were to: 1) determine HMs concentrations of the undisturbed soil
columns, 2) compare with field condition, and 3) determine HMs transfer from soil to underground
water of silty loam soils in Southeast of Spain.

Materials and Methods

Charactestics of the Study Area, Design and Sampling of Undisturbed Soil Columns

Study area is located in La Hoya near the Lorca in Southeast of Spain (Fig. 1). Climate is semiarid,
with mean annual average rainfall of 300 mm and mean annual temperature of 18°C and potential
evapotranspiration is >900 mm yr ' (Lopez-Bermudez et al., 2002).
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Fig. 1: Location of the area studied.

Nine undisturbed soil columns were taken from silty loam soils in Southeast of Spain. Soils were
extracted using transparent metacrylate cylinder 60 cm long, 25 cm inside diameter, and 45 cm
thick. Soil columns were taken from surface to a depth of app. 35-45 cm of three representative
soils. Experimental design of column is given in Fig. 2. Sea sand free of salts was used to support
material in columns. Simulated rainwater was given to columns by peristaltic pomp. Soil columns
were amended with single and triple doses of pig manure applied in the surface 0 to 10 cm depth.
The applied doses were calculated from the agronomic rate of N-requirement (170 kg N/ha/yr-
Single Dose-D;) (European Directive 91/676/CEE). Undisturbed soil columns were extracted using
equipment designed by Mihaljevic et al., (2004), Ashworth and Alloway (2004), Doye & Duchesne
(2003), Camobreco et al., (1996), and recommended by ISO/DIS 18772, (2006) and modified by
Carmona and Faz (2004).
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Fig. 2: Experimental design of columns

Leachings were carried out weekly using distilled water at a rate of 80 mL h™' to simulate the
monthly rainfall events in the area. Experiment was carried out for 12 weeks rainfall (W); three
columns of them for single doses (D;-Low Dose), three columns of them for triple doses (D;- High
Dose) and three columns of them for control (C). Leachates were collected each week, filtered with
a Whatman n° 42 paper, and filtered liquid was refrigerated at 5 °C while awaiting chemical
analysis.
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Some conditions of the laboratory are given in Table 1. First rainwater was applied in September,
which is determined according to farmers, who apply pig slurry to field as the August. Temperature
is changed between 23 and 27 °C, pressure is changed between 747 and 756.5 mmHg in the
laboratory. There are no leachates in Week 11 which coincides with July.

Table 1: Quantity of leachates in each week and simulated months

Temperature Pressure Simulated Rainwater
Week (°O) (mm Hg) Simulated Months (ml.)
W0 23,6 =+ 0,5 748.5 + 0,4  Before application -
Wi 249 + 03 746,7 + 1,2 September 1010,02
W2 244 £ 15 756,5 £+ 0,9 October 383,09
w3 242 £+ 0,6 749,1 + 35 November 462,95
W4 26,1 =+ 0,0 750,0 + 0,0 December 351,28
W5 256 + 1,3 7480 + 1,8 January 530,81
W6 233 £+ 1,1 749,6 + 0,5 February 312,41
W7 264 + 2,1 7498 + 1,8 March 541,41
W8 26,6 + 05 7517 £ 1.2 April 515,26
w9 257 + 1,5 7503 + 0,5 May 650,96
W10 250 + 0,0 750,0 + 0,0 June 185,18
W11 26,1 + 25 7488 + 1,3 July 31,1
W12 249 £+ 24 749,77 £ 0,6 August 301,1

Chemical analysis

Selected chemical properties of soils and pig manure were determined following the routine
methods for soil analyses. Chemical composition of leachates was determined following analytical
techniques suggested in APHA (1998). pH and electrical conductivity (EC) were analysed in every
day. Heavy metals were analysed each week in leachate at initial stage and final in the soil by an
Agilent 7500a model of ICP-MS (Inductively Coupled Plasma Mass Spectrometer) and also atomic
absorption spectrophotometer (AAnalyst 800, Perkin Elmer).

Results and Discussion
Soil Properties and Some Initial-Final Results of Soil Column

The soil results of studied area showed that; the study area had basic reaction, non-salty, very low
contents of total nitrogen; high contents of phosphorus, low cation exchangeable capacity, and silty
loam texture. Calcium carbonate contents were changed between 55 and 60 % and soil organic
carbon were changed 13.08 and 14.31 g kg'. SOC was mineralized soils in the study area,
quantities of carbon was similar to Mediterranean soils under arid-semiarid climate, which were
less than 20 g kg™'.The results of applied pig slurry showed that cations and phosphorus contents
were high in applied pig slurry, the other parameters were normal. The dry matter content of the
applied pig slurry was higher. Although Na and K concentration were very high, bioavalaible metal
concentrations were not high.
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Fig. 3: Some heavy metals contents of initial and final stage of the soil columns

The results of initial and initial soil of columns showed that CEC in soil was decreased in control
and D; application with depth, but D; application was stable with depth. Cu, Fe and Mn
concentrations were decreased with all doses applications, because they were leached out. Zn
concentrations were increased with D, application, but it was decreased with D; application (Fig.
3).

The normal Cu content of agricultural soils is 5 to 50 mg kg™'. Concentrations below 8 mg kg
could indicate a deficiency for some crops, as Cu is an essential micronutrient (McBride, 1994;
Kabata-Pendias and Pendias, 2001).In this study, soil samples were in the normal range of
agricultural soils. Mean average of Zn for world-wide soils may be considered as 64 ppm. The Zn
concentration in agricultural soils varies between 10 and 300 mg kg . It is abundant in
sedimentary materials and clayey soils (Kabata-Pendias and Pendias, 2001). In our study, soils
contained less Zn than the maximum permissible concentration. Manganese mean calculated for
world soils is 437 ppm, while for the U.S. soils the calculation is 495 ppm. In our study, Mn
content of the soil was higher than permissible limits (Kabata-Pendias and Pendias, 1992).

Heavy Metals Contents of Leachate in Undisturbed Soil Columns

Copper (Cu): Cu contents were increased with application of pig slurry. According to limits
prescribed by WHO (2008), it was found that the average value of copper in all leachates are much
below the permissible limits.

Zinc (Zn): Zn contents were increased with application, of D;. Zinc is an essential element for
plant and human. The maximum allowable concentration of zinc in water is 15 ppm and 5 ppm
respectively. According to WHO (2008), the average value of zinc in all leachate is below 100 ppb

(0.1 ppm).

Manganese (Mn): Mn contents were decreased with application. High concentration was with D;
application. Mn in leachate in the first four weeks was higher than other weeks. The maximum
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allowable concentration and permissible concentration of Mn in water 0.5 ppm and 0.05 ppm
respectively according to WHO (2008). The most of the leachate analyses had less than 200 ppb
(0.2 ppm), except the second week of study.

Iron (Fe): Fe contents were decreased with application. D, application had more Fe contents than
the others. According to WHO (2008) the maximum allowable concentration in water in 1.0 ppm
and 0.3 ppm respectively. Maximum concentration was 0.02 ppm in leachate with D application.
that the average value of iron in all leachates samples are much below the permissible limits.

Nickel (Ni): Ni contents were increased with slurry application. Especially with D1 application.
Nickel concentration in Week 11 was higher than the others. The permissible concentration of
nickel in groundwater is 0.02 ppm (WHO, 2008). D, and D3 application were out of limit.

Molybdenum (Mo): Mo contents were increased at the beginning of the application. According to
WHO (2008) the maximum allowable concentration in water in 70 ppb (0.07 ppm). Maximum
concentration of Mo was 20 ppb with D5 application in W2. All application doses were within the
limit.

Lead (Pb): Pb contents were increased with especially D3 application. This is a very toxic element,
which accumulates in the skeletal structure of man and animal. The maximum permissible
concentration of lead in water is 0.05 ppm (50ppb). According to WHO (2008) almost all the
leachate samples had less than 50 ppb of lead.

Chromium (Cr): According to Cr results, Cr contents were similar control and D; application.
Results of first six week were similar, but Cr contents were increased in the last six week with
application especially with D; application. The maximum permissible limit of Cr in water
according to WHO (2008) is 0.05 ppm. According to WHO almost all the leachate samples were
below the limit.

Cobalt (Co): Co contents were higher at the beginning of the study especially in D; application. It
was balanced with all application at the end of the study. Generally the natural content of Co in
drinking water is very low ranging from 10 to 50 ppb except for the regions with substantial
chromium deposits (Jayana et al., 2009). The average value of Co in all leachates samples are much
below the permissible limits.

Cadmium (Cd): Cd contents in leachate were below the permissible limits, as they were lower
than the permissible limit except of W1. Cd value is above the WHO (2008) recommended value

(Bug/L).

Study has shown that heavy metals such as lead, cadmium, copper etc... were not excessive
levels in groundwater due to D pig slurry application.

Conclusions

The need for food production for growing human population increases the research interest in the
area of soil and water quality. Specifically, the use of commercial fertilizers with high contents of
metals created a very serious problem for agricultural soils. Toxic heavy metal enters the food
chain from the soil through plant uptake. To avoid this, WHO has developed maximum tolerable
limits of the HMs for agricultural soil and water. The heavy metals contents of the soil and leachate
were below the allowable levels. We, therefore conclude that the quality of underground water is
still high with pig slurry application. PS has high content of micronutrient and application of high
doses can pollute the agricultural soils decrease the quality of crops. We concluded that the Ds
doses are not suitable especially when used for unfertilized soils that can cause reduction in plant.
The benefits from the use of slurry depend on the proper use and management. Our results suggest
that D; application to silty loam soils has positive effect on the soil and ground water.
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Abstract

The objective of this study was to determine the variability and concentrations of the potentially toxic
elements (PTE) such as Cd, Co, Cu, Cr, Mn, Zn, Pb and Ni in soils formed on volcanic parent materials
(andesite, dasite, ignimbrite, volcanic ash and basalt) erupted from Erciyes strato volcano in middle Anatolia
region of Turkey. This study was done based on 576 soil samples collected randomly from three different
soil depths (0-30, 30-60 and 60-90 cm). The PTE concentrations of soils formed on ignimbrite and volcanic
ash were higher than the soils formed on basalt, andesite and dasite. All the PTE concentrations decreased
with increasing soil depth except for Cd. The Cd, Cr and Ni concentrations which increased with elevation
while the Co, Cu, Mn, Pb and Zn concentrations decreased.

The high PTE concentrations in soils could be attributed to the volcanic parent materials. The greatest PTE
variations in soils were determined by lithology structure related to the parent material and its composition.
Agricultural practices did not affected to the PTE contents in soils. The PTE concentrations were greater at
the uncultivated soils compared to the cultivated soils due to the high feldspars of uncultivated soils. Site
specific soil management practices must be applied to soils in the study area because of the high PTE
concentrations.

Key words: Potentially toxic elements, volcanic ash soils, soil parent materials, soil pollution, and spatial
variability

Introduction

The soils formed on volcanic parent materials including high amounts of PTE are found in many
regions of the world (Amaral et al., 2006). The distribution and amount of PTE in soils depend on
the nature of parent material, weathering processes, bio-cycling and addition from atmosphere and
deposition from natural resources (Cortizas et al., 2003).

These factors influence soil development and the mobility of specific elements, including PTE, in
the soil system. Rock mineral weathering is the one of main natural sources of PTE to the soil
system and metal concentrations in soil can generally be predicted from the element concentrations
in the parent material (Palumbo ef al., 2000).

Volcanic rocks cover a significant part of Turkey. The majority of these rocks are located in the
Volcanic Province of Cappadocia (VPC) (300x60 about 18 000 km?). The soils located in this
province were formed on volcanic parent materials of Neogene-Quaternary ages. Volcanic activity
causes the release of PTE such as As, Hg, Al, Rb, Pb, Ni, Co, Cr, Mg, Cu, and Zn which in turn
cause water and soil pollution. The majority of the volcanic ash soils have excellent properties for
plant production (high water-retention capacity, high cation-exchange capacity and high organic
matter content etc.). The aim of the present study was to determine the distribution and differences
of PTE contents of Erciyes mount volcanic ash soils using GIS and remote sensing techniques.

Materials and Methods

This research was carried out on the soils formed on five different volcanic parent materials in VPC
of Turkey. VPC covers about 18 000 km” and a part of this area (2400 km?) was studied. The study
area is generally located at the eastern of Erciyes strato volcano. There are five main volcanic
parent materials in the study area. These parent materials are andesite, dasite, volcanic ash, basalt
and ignimbrite.

In this research, stratified random sampling design was used. The study area was stratified by using
the results of initial (field) surveys, archive LANDSAT-ETM+ images, a digital elevation model
with 1/25000 scale, and digital soil maps. Sampling areas were randomly distributed within the
established strata. Land use, land cover class and soil sampling sites were linked to their
geographic references by using GPS. The all geo-referenced observations were compiled in a GIS
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database. Soil samples were taken from 192 sampling points and three different depths (0-30 cm,
30-60 cm and 60-90 cm soil depths).

GPS and soil analysis data were compiled into the GIS database. Database was transferred to a
GIS environment to produce surface layers of each variable by using Kriging (spherical variogram
method). Next, correlations between these surface layers and SPOT-5 images were investigated.

In this study, one SPOT-5 image having 2.5 m resolution was utilized. Both supervised and
unsupervised classifications were applied using ARC/GIS and ERDAS 8.7 software for GIS and
remote sensing applications, respectively. Residual layers were created by using the maps produced
by the model and the on-field observations. In this way, the differences between the predicted and
observed values were mapped. Consequently, the determined models were tested by using these
residual layers. The models were run in a GIS environment.

For soil samples, 1 g of dried samples was digested with 15 mL of HNO;, H,SO,4, and HCIO, in
5:1:1 ratio at 80 °C until a transparent solution was obtained (Allen et al., 1986). The solution was
filtered through Whatman No. 42 filter paper and the solution was diluted to 50 ml with distilled
water. The concentrations of heavy metal in the filtrate were determined by using ICP emission
spectrometry (Perkin-Elmer model 2100, USA).

Results and Discussions
PTE concentrations in soils developed on parent materials erupted from Erciyes Volcano were
higher than standard limit values. For Cd, the minimum value was 0 ppm, the maximum value was

9358 ppm and the highest mean concentration was in the volcanic ash with 1778.7 ppm (Table 1).
For Co, minimum value was 2.23, maximum value was 105.3 ppm and the highest mean
concentration was with 43.43 ppm in the volcanic ash. For Cr, the minimum value was 1.86 ppm,
the maximum value was 1853 ppm and the highest mean concentration was 95.08 ppm in the
ignimbrite. For Cu, the minimum value was 11.09 ppm, the maximum value was 109.4 ppm and
the highest mean concentration was in the volcanic ash with 52.82 ppm. For Mn, the minimum
value was 23.71 ppm, the maximum value was 3988 ppm and the highest mean concentration was
1289.23 ppm in the volcanic ash. For Ni, the minimum value was 9.07 ppm, the maximum value
was 8239 ppm and the highest mean concentration was 846.83 ppm in the ignimbrite (Table 1).

For Pb, the minimum value was 4.21 ppm, the maximum value was 242 ppm and the highest mean
concentration was 39.90 ppm in the andesite. For Zn, the minimum value was 0 ppm; the
maximum value was 279.08 ppm in the andesite.

In the andesite, Cd had the highest mean concentration, Co had lowest mean concentration. In the
basalt, Mn had the highest mean concentration, Co lowest mean concentration (Table 1). In the
dacite, Cd had highest mean concentration, Co lowest mean concentration (Table 1). In the
ignimbrite, Mn had the highest mean concentration, Co lowest mean concentration. In the volcanic
ash, Cd had the highest mean concentration, Pb lowest mean concentration. PTE distributions for
the all parent materials were generally as follows;

Volcanic ash > ignimbrite > andesite > basalt > dasite, with the greatest shifts observed in relative
amounts of Cd, Mn, Ni, and Zn among PTE.

The variations in PTE concentrations in the different soil depths were compared to the limit
concentrations. The all PTE concentrations were higher than Ilimit concentrations. Cd
concentrations increased from the surface layer (0-30 cm soil depth) to the intermediate layer (30-
60 cm soil depth) and to the deep layer (60-90 cm soil depth) (Table 2). The mean concentrations
of Cd according to the different soil depths were 14.63 ppm, 1655.6 ppm and 2013.9 ppm,
respectively (Table 2). The map of spatial distribution and variability of Cd were presented in
Figure 3. Cd concentrations were generally higher with a maximum concentration ranges from
4700 ppm to 9400 ppm at the 30-60 cm soil depth in the parts of north and middle of the study area
than the other parts.

Co concentrations did not show an important change from surface layer to the deeper layers. The
high Co concentrations were found in the parts of northeastern and middle of the study area (Figure
3). Co concentration increased with the soil depth in the volcanic ash parent materials although Co
concentration decreased with the soil depth in andesite, dasite and ignimbrite parent materials.

Cr concentrations generally showed a decrease from the surface to the deeper layers (74.18 ppm at
the surface layer, 82.79 ppm for the intermediate layer and 64.57 ppm for the deep layer). The
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highest Cr concentrations were found in the parts of north-west of the study area, with a maximum
value 1900 ppm at the surface layer (Figure 3).

The amounts of Cu, Mn and Ni were found higher in the parts of North and middle of the study
area than other parts except for Pb and Zn (Figure 3). The amounts of Pb and Zn were generally
high in the the study area. The concentrations of PTE were appeared to be above the limit
concentrations at the soil depths.

The data were analyzed using the Duncan test. The values of Zn, Ni, Mn and Cd were statistically
significant at the different soil depths (p<0.05), except for Co, Pb, Cu and Cr (Table 2). Amaral et
al. (2006) found that Cd and Co concentrations were increased with depth in volcanic soils of
Portugal. The similar results for Cd and Co were reported by Palumbo et al. (2000) in various soil
types developed from volcanic parent materials. They showed that Cd and Co concentrations
increased with depth in andisols. Doelsch et al. (2006) reported that Cr, Cu, Ni and Zn
concentrations were constant with soil depth, but Cd concentrations decreased from the surface to
the intermediate layer and stayed constant in the deep layer.

The sampling locations in the study area were divided to the two different elevations from 1000 to
1500 m and from 1500 to 3000 m. The mean concentrations of Cd, Cr, Cu, Ni and Pb were
statistically different between 1000-1500m and 1500-3000m elevations (p<0.05), although the
concentrations of Co, Mn and Zn were not significant between elevations (Table 3). The amounts
of Cd and Ni increased with the elevation at the parent materials while the amount of Pb decreased
with elevation in the all parent materials. The amounts of Co and Mn decreased with elevation in
andesite and volcanic ash while they increased in ignimbrite and dasite (Table 3). PTE
concentrations in Andisols (Cd, Cu, Ni, Cr and Zn) were found higher at low altitude than that of
high altitude (Doelsch et al., 2006). The soils at 1000-1500 m elevations are generally cultivated,
but at 1500-3000 m elevations are not. The high concentrations of Cu, Mn, Pb and Zn in cultivated
soils can be related to the agricultural practices such as fertilization.

Thus, high Cu and Zn concentrations in cultivated soils could be explained by the geologic origin
rather than agricultural practices (Doelsch, 2006). Cr and Ni appeared to be high concentration
particularly in the uncultivated soils. This suggested that geologic origin was prevalent, agricultural
practices cannot be ruled out.

The high concentrations of Cr and Ni in the high elevations and uncultivated soils could be
attributed to Feldspars (figure 4 and 5). Heavy metals such as Cr, Ni, Co, Cu and Pb are nearly
always present in Plagioclase Feldspars (Huang, 1989).

This study presented the variability of potentially toxic elements in soils, formed on volcanic parent
materials erupted by Erciyes strato volcano, according to the parent material, soil depth and
elevation in the middle Anatolia region of Turkey. The PTE concentrations in soils were higher
than standard values. This study demonstrated that PTE concentrations in soils were originated
from volcanic parent materials and typically increased with increasing elevation and soil depth. The
PTE contents of soils formed on ignimbrite and volcanic ash were higher than the soils formed on
basalt, andesite and dasite. In addition, the PTE contents of soils in the north and middle regions of
the study area found higher than the other areas because of the high elevations. These results
indicated that the agricultural practices did not affect to the PTE concentrations. The high PTE
concentrations in the uncultivated soils could be attributed to the mineralogical composition.
Feldspars could account for the high PTE concentrations in high elevations. PTE in soils could
affect the ecosystem and human health. The high PTE could be taken up by plants and interfere
with the groundwater. Different soil management systems should be applied to the cultivated areas
such as the site specific management practices and appropriate plants species with minimum PTE
uptake.
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Table 1 The results of Duncan analysis of PTE according to the parent materials

Cd Co Cr Cu Mn Ni Pb Zn
= | Andesite 976,2° 30,87° | 84,03 | 40,08" | 908,57° 485,07* | 39,90* | 279,08"
& | Basalt 651,0° 31,12° | 39,43 | 40,33° | 997,97° 93,42 37,23* | 218,66°
£ | Dasite 694,5° | 16,27 | 49,86" | 30,37° | 332,69° | 405,13" | 31,63* | 193,99
< | Ignimbrite | 1750,8° 38,22° | 95,08" | 4336" | 1247,36* | 846,83° | 36,57* | 255,55
% Volcanic 1778,7* | 43,43" | 83,63" | 52,82" | 1289,23" | 611,84" | 37,18" | 276,78°
& | ash
Table 2. The results of Duncan analysis of PTE according to the soil depths
Potentionally toxic elements
Soil depth (cm) | Cd Co Cr Cu Mn Ni Pb Zn
0-30 14.63* 34.11° | 74.18" | 46.97* | 1070.67" | 538.60" | 42.85" | 512.46°
30-60 1655.60° | 31.09" [ 82.79" [39.19° | 862.27° | 447.00° | 35.83" | 126.44°
60-90 2013.9° 31.02° | 64.57" | 36.42" | 817.08" 477.52* | 34.06" | 119.57°
Table 3. The results of Duncan analysis of PTE according to the elevation
Potentionally toxic elements
Elevation (m) | Cd Co Cr Cu Mn Ni Pb Zn
1000-1500 14.60° 35.86° | 74.43° 54.47° | 1132.18" | 454.49° | 49.78" | 585.21°
1500-3000 18.98" 31.15* | 131.81° | 36.82" [ 987.22° 652.78" | 33.46" | 413.74°
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Fig 3. Spatial variability of potantially toxic elements.
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Abstract

Metal-resistant PGPR play an important role in the successful survival and growth of plants in contaminated
soils by alleviating the metal toxicity and supplying the plant with nutrients. Soil used in this study was
artificially polluted with Zn (250 and 500 mg L™). Three isolated strains included Pseudomonas potida
strain 11 (P.p.11), Pseudomonas potida strain 4 (P.p.4), Pseudomonas fluorescens strain 169 (P.f169)
showing Zn-resistance were investigated for their effects on the soil Zn solubilization and promotion of plant
growth and Zn uptake by canola and barley in a pot experiment. The bacteria produced IAA (indole acetic
acid), siderophore and 1-aminocyclopropane-1-carboxylate deaminase (ACCD). When strains added to the
Zn-amended soils, bacteria increased Zn extraction from the soils. Inoculation with the isolates was found to
increase shoot dry matter of canola and barley in the Zn-contaminated pots. In Zn treatment, P.p.11 inhanced
TF (translocation factor) values in canola, while all of the three strains decreased it in barley. Value of TF
indicated that inoculated canola with P.p.11 had abilities of phytoextraction and translocation of Zn in the
contaminated soil compared to the non-inoculated control respectively. The present observation showed that
bacterial strains used in this study protect the plants against the inhibitory effects of Zn probably due to
production of IAA, siderophore and ACCD activity.

Keywords: Metal-resistant, Pseudomonas, ACCD activity, translocation factor, contamination.

Introduction

The threat of heavy metal pollution to public health and wildlife has led to an increased interest in
developing systems that can remove or neutralize heavy metal toxic effects in soil, sediments and
wastewater (Valls and Lorenzo, 2002). In order to eliminate or control the pollutants in soils,
physical, chemical, and biological methods have been employed. Bioremediation is the application
of biological processes for the clean up of hazardous chemicals present in the environment
(Gianfreda and Rao, 2004).

A number of plants which can tolerate and accumulate high concentration of metals were defined
as hyperaccumulators. Ideal hyperaccumulators for bioremediation require the characteristics of
rapid growth and a high amount of biomass (Nie et al., 2002). But in fact, many hyperaccumulators
are slow in growth and inhibited in the presence of high concentration of heavy metals.

Plant growth-promoting rhizobacteria (PGPR) are bacteria capable of promoting plant growth by
colonizing the plant root (Kloepper and Schroth, 1978). PGPR have a positive effect on plant
growth by producing indole aceti cacid and siderophores and by consuming amino-cyclopropane
carboxylic acid (ACC), the immediate precursor to ethylene, through synthesis of 1-
aminocyclopropane-1-carboxylate deaminase (ACC deaminase) to decrease the ethylene
production in stressed plants (Reed and Glick, 2005).

Due to the sensitivity and the sequestration ability of the microbial communities to heavy metals,
microbes have been used for bioremediation (Hallberg and Johnson, 2005). Soil microorganisms
are known to affect the metal mobility and availability to the plant, through acidification, and redox
changes or by producing iron chelators and siderophores for ensuring the iron availability, and/or
mobilizing the metal phosphates (Abou-Shanab et al., 2003). The presence of rhizosphere bacteria
increased concentration of Zn in Thlaspi caerulescens (Whiting et al., 2001) and Ni in Alyssum
murale (Abou-Shanab et al., 2003). In addition, plant growth-promoting bacteria can improve plant
growth, plant nutrition, plant competitiveness and responses to external stress factors
(Egamberdiyeva and Hflich, 2004).Therefore, the application of heavy metal-solubilizing
microorganisms is a promising approach for increasing heavy metal bioavailability in soils.

The recent researches of PGPR on the remediation of contaminated soils show a brilliant prospect
for the successive studies. For example, the application of Azotobacter chroococcum HKN-5 can
stimulate plant growth and protect Brassica juncea from Zn and Pb toxicity (Wu et al., 2006b).
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Also the application of some rhizobacteria can increase uptake of Ni from soils by changing its
phase (Abou-Shanab et al., 2006). The major objectives of the present study were to evaluate the
potentiality of P. putida and P. fluorescens, with ACCD activity, to plant growth promotion and Zn
uptake in barley and canola in order to improve the efficiency of phytoremediation of Zn-
contaminated soils.

Materials and Methods

Preparation of bacterial inoculum

Three strains Pseudomonas potida strain 11 (P.p.11), Pseudomonas potida strain 4 (P.p.4) and
Pseudomonas fluorescence strain 169 (P.£.169) were isolated from the roots of wheat plants in the
land of Iran. In particular they utilized ACC as the sole nitrogen source and produced indole acetic
acid (IAA) and siderophores. The characteristics of bacterian strains as shown in table 1.

Table 1. Characteristics of bacterial strains

Bacterial strains ACCD IAA production | Siderophor
activity (mg kg™) e
production
(mm)
P putida strainl 1 + 7.67 1.6
P.putida strain 4 + 9.6 1.9
P fluorescens strainl 69 + 5.8 1.8

P. : Pseudomonas

TSB (Tryptone Soya Broth) medium was used as liquid media in which the bacterial strains were
grown. This medium contained different concenterations of Zn (0, 30, 60 mg L™). The content of
light absorption at 405 nm wavelength was determined. The bacteria showed higher resistance
to Zn toxicity was selected for further study. The bacteria were grown in TSB medium and
incubated at 30 °c on the rotary shaker at 250 rpm for 24 h. Cells in the exponential phase were
collected by centrifugation at 1500 g for 10 min, washed twice with sterile distilled water and
recentrifuged. Bacterial inocula were prepared by resuspending pelleted cells in sterile distilled
water to get an inoculum density of Ca 10° colony forming units (CFU) mL™ (Sheng et al., 2008).
Soil (characterisation, sampling and treatment of soils)

Characteristics of the soil used are described in table 2. The soil was classified Fine Loamy Mixed
Typic haplocalcid. The soil was sampled from noncontaminated agricultural fields, air dried and
passed through a 2 mm (10 mesh) sieve. Total concentration of Zn initially in the soil measured
with an atomic absorption spectrometer (Perkin Elmer 2380; Carter, 1993). To prepare the
contaminated soils different concenterations of ZnSo, (0, 250, 500 mgL") were sprayed to the soil.
The soil samples contaminated with Zn were wetted for 2 weeks with deionized water to maintain
the moisture content at 60% water-holding capacity (WHC) of the soil to enable the metal to reach
an assumed steady state as far as possible when added to the samples.

Pot experiment

The experiment consistsed of three levels of Zn and two treatments of control and bacterial
inoculation and two plants with three replicates. The pots were conducted in a factorial
arrangement based on completely randomized block design. A mixture of 5 kg (dry weight) of
artificially contaminated soil and sand was put into plastic pots. The seed of canola (Sarigol CV.)
and barley (Karondarkavir CV.) were surface-sterilized with a solution of 1.5% (v/v) sodium
hypochlorite for 10 min and washed with sterile water. Six steriled seeds of barley and canola were
sown in each pot at a depth of approximately 2 cm below the soil surface.
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Table 2. Charactristics of the soil used for isolation of rhizobacteria

Soil name pH Caco; |[EC oM |P* | K Total content of
elements (mg kg™)
(%) (dsm™) | (%) Mn |[Cu Fe |Zn
Typic 7.8 375 5 0.85 | 15| 125 |354.5)25 [85.5|149.5
haplocalcid

* The datas are given as Phosphorous and Potassium concentration is available content (mg kg™).

Twenty five mL™ of the bacterial suspension was added to every seed on each pot for the
inoculation treatment while the uninoculated control treatment received nothing. The pots were
placed in a greenhouse with a 25 °c temperature and were watered with deionized one to maintain
the moisture content at approximately 60% water-holding capacity (WHC) of the soil.

Analysis of biomass and contents of Zinc

At the end of experiment, plant samples were collected, divided into above-aground shoots and
roots and washed three times with deionized water. To determine the dry weight, shoots and roots
oven-dried separately at 75 °C and were ground to 0.5 mm for analysis. Then 0.2 g of shoots and
0.1 g of roots were digested with the H,So,/H,0, method (Harmon and Lajtha, 1999). The digested
solution was diluted with deionized water to a volume of 50 m L in a flask. The Zn concentration
was measured with an AAS.

Two uptake amounts (UA) in aerial and root, and translocation factor (TF) index as defined in
Equ.(1) and (2) which were computed from the treatment concentrations will be used to discuss the
results from this study.

UA=concentration * biomass (1
TF= the ratio of metal concentration in shoots to that in roots 2

Data analysis

Mean of datas were compared by LSD test at the 5% level. F-values and significance levels of the
data were analyzed using General Linear Model (GLM) in SAS.

Results and Discussion

Isolation and selection of metal-resistant bacteria

In order to ensure the success of inoculation by these strains, the resistance to metals of Zn was
tested on TSB medium containing different metal concentrations. All the three strains P.p.11, P.p.4
and P.f.169 showed higher resistance when the concentration of Zn in the medium reached 60 mg
L™ (table 3), so these three strains were used for future experiments.

Plant growth promotion

Zn tretments decreased root and shoot growth of canola and barley. Significant increases of shoot
dry weight of canola were observed when the seeds were inoculated with P.p.11 at concentration of
250 and 500 mg Zn kg™'. In barley among the treatments shoot dry weight increased significantly
when the soil was inoculated with P.p.4 at the Zn concentration of 250 mg kg and with P.p.11 at
the Zn concentration of 500 mg kg~ compared to the soil without inoculation (table 4). In both
canola and barley the maximum mean shoot biomass were obtained in the pots were inoculated
with beneficial bacteria special with P.p.11.

This approach was in agreement with previous observation that inoculation of rhizosphere with
PGPRs increased plant biomass in Brassica juncea grown on contaminated soils (Belimov et al.,
2001). The study demonstrated that P.p.11 could facilitate barley and canola growth. Bacteria that
could produce IAA and siderophores are capable of stimulating plant growth and helping plants
acquire sufficient iron for optimal growth (Rajkumar et al., 2006). Moreover, PGPRs have been
reported to influence plant biomass production by lowing plant ethylene synthesis through 1-
aminocyclopropane-1-carboxylic acid (ACC) deaminase activity (Glick et al., 1998).

The content of shoot dry matter in the canola with P.p.11 treatment was the highest (6.28 g pot™)
(p<0.05). There were no obvious differences in root dry weight of canola and barley between the
the inoculated plants and the plants without inoculation (table 4).
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Metal uptake

There was no significant difference in shoot Zn uptake of barley and canola between bacterial
inoculation and without bacterial inoculation. Significant increases (p < 0.05) of root Zn uptake of
canola and barley were observed when the soil was inoculated with P.f.169 at the Zn level of 250
mg kg’ and with all the three strains at the Zn level of 500 mg kg compared to the without
bacterium-inoculated soil, respectively (table 5).

Table 3. Bacterial growth in different concentrations of heavy metals (light absorption at 405 nm wavelength)

Bacterial strains Zn(mg kg™ blank
30 60
P.putida strainll 2.74 0.024 2.63
P.putida strain 4 2.74 0.013 2.88
P.fluorescens strainl69 2.70 0.02 2.70

P. : Pseudomonas

Table 4. The effect of different bacterial strains on the dray weight (g pot") of canola and barley, at different
concentration of heavy metals (mg kg™)

plant Bacterial Zn (mg kg™)
strains 0 250 500
Root | Shoot | Root Shoot | Root | Shoot
canola | P.p. 4 0.55a | 437a | 0.51b | 3.90b | 0.42a | 3.99b

P.p. 11 0.58a | 5.08a | 0.58ab | 6.28a | 0.48a 5.27a
P.f 169 0.55a | 496a | 0.65a | 4.71b | 047a | 3.91b
Control 0.65a | 4.58a | 0.55ab | 4.58b | 0.51a | 4.32b
barley | P.p. 4 0.37a | 333a | 0.27a | 3.37a | 0.26a | 2.18ab
P.p. 11 0.42a | 291a | 0.30a | 1.94b | 0.24a 2.35a
P.f 169 0.38a | 3.08a | 0.35a | 2.00b | 0.26a | 1.63ab
Control 0.45a | 3.21a | 037a | 1.99b | 0.23a 1.42b
P. f: Pseudomonas fluorescens, P. p.: Pseudomonas putida

The maximum Zn uptake in the above-ground tissues were obtained in canola compared to barley
due to the greater biomass. The content of Zn uptake in the canola with P.p.11 bacterial treatment
were the highest (table 5).

These results showed that inoculation with the bacteria could effectively increase the available Zn
in rthizosphere soils. Some studies have demonstrated that heavy metal-resistant bacteria can
inhance metal uptake by hyperaccumulator plants (Whiting et al., 2001; De Souza et al., 1999).
Kumar et al. (2008) recorded that the addition of NBRI K28 and its mutant to B. juncea increased
the level of metal accumulation. Burd et al. (2000) have also recorded similar observations upon
inoculation with K. ascorbata under Ni, Pb and Zn stress. Similarly appreciable amount of Cr and
Zn were accumulated in roots as compared to shoot system as reported earlier by Rajkumar et al.
(2006) and Burd et al. (2000), however in this work, it was found that the inoculated shoot systems
accumulated considerably more zinc as compared to root systems. This can be attributed to more
translocation of metals from the under ground part to the aerial part of the plant. As a consequence,
the phytoextraction efficiency of canola was increased with P.p.11 bacterial treatment due to the
increase in total metal uptake in the harvestable aboveground biomass although it was not
significant (table 5).

Translocation factor (TF) index of plants in Zn treatments

TF values can describe movement and distribution of heavy metals in plants. TF values were
studies in each treatment. The values of TF showed that significantly there was more Zn moved
into aerial of canola inoculated with P.p.11 in the treatment of Zn500 mg kg™ than barley and TF

of plants tended to decrease with the increasing of Zn (fig. 1). The results showed that inoculation
canola with P.p.4 and inoculation barley with three strains decreased significantly TF index at the
concentration of 500 mg kg' Zn(fig. 1). It was apparent that canola had better ability of
bioaccumulating Zn in contaminated soil than barley.
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The abilities of enrichment by plants were different among species. The level of heavy metals in
plants might be affected by several physiological factors of plants, including heavy metals uptake
from the solution, xylem translocation from root to shoot and sequestration of them (in subcellar
compartments or as organic complexes) (Hart et al., 1998).

5. Influence of bacterial inoculation on shoot and root metal uptake (mg pot™) of canola and barley, at different
concentration of Zn (mg kg™

plant Bacterial Zn (mg kg'l)
strains 0 250 500
Root Shoot Root Shoot Root Shoot
canola | P.p. 4 0.032a | 0.168bc 0.052¢ 1.664a 0.097a 1.84a
P.p 11 0.03a 0.255a 0.065b 2.364a 0.075a 2.46a

P. 1169 0.046a | 0.205ab 0.101a 1.950a 0.092a | 1.929a
Control 0.064a 0.137¢ 0.057bc 1.958a 0.089a | 1.836a
barley | P.p. 4 0.027a 0.103a 0.081ab 1.494a 0.126a 1.35a
P p 11 0.039a 0.097a 0.064b 0.724b 0.118a 1.35a
P. 1169 0.03a 0.094a 0.096a 0.817b 0.111a | 0.951a
Control 0.032a 0.101a 0.083ab | 0.919ab | 0.072b | 0.878a

P. f:: Pseudomonas fluorescens, P. p.: Pseudomonas putida

Bioaccumulation depends not only on the characteristics of the organism itself, but also on the
characteristics of the substance and the environment factors (Niu Zhin-Xin et al., 2007). One recent
study of heavy metals translocation into peanut fruits provided evidence that accumulation
occurred predominantly via the phloem (Popelka et al.,1996).

In a word, the strong Zn accumulation in the shoot indicated that inoculation canola with P.p.11,
that has ACCD activity, is potentially useful for remedying Zn-contaminated sites.

Camparison 7n T'F index between canola and barley

Control

4

3 =P p 4

2 EP p. 11
P.f 169

1

o}

Translocation factor ndex

Different sirains of bacteria

Figure 1. Comparison zinc TF index between canola and barley at different concentration of Zn
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Abstract

In January and March 2000 two tailings dam failures occurred in the upper Tisza catchment area near Baia
Mare and Baia Borsa (Romania). These accidents focused attention on the metal pollution of the Tisza
catchment area, and the short term effects of them were studied by many researchers. The aim of this study
was to evaluate the long term effects of these pollutions by determining the Lakanen-Ervid extractable easily
available metal contents of samples collected in 2011 from floodplains and pastures along the Tisza (Tivadar,
Véasarosnamény, Rakamaz, Tiszacsege), and comparing them to our earlier results. Cu and Zn contents were
measured by Optima 3300 DV ICP-OES (Perkin-Elmer). The measurement of Pb and Cd was conducted by
QZ 939 GF-AAS (Unicam) in 2000 and by an X7 ICP-MS (Thermo Fisher) in 2011.

We found that the Cd, Zn and Pb contents of the pasture near Vasarosnamény exceed limit values and natural
background values. In addition, during a 11 year period the easily available Cd, Zn and Pb contents increased
significantly, suggesting that the hazard of this pollution should not be neglected.

Keywords: Tisza River, heavy metal pollution, Lakanen-Ervi6 extraction

Introduction

The Hungarian section of the Tisza River is highly influenced by metal pollution sourced from
mining activity in Romania. Mining in Maramures County (former Maramaros) traditionally
exploits host ores of base metals (Cu, Zn and Pb) and precious metals (Au and Ag). Besides, metal
pollution has also a long history in the upper Tisza catchment (Nguyen et al., 2009). Nowadays the
processing of old tailings pond material by using cyanide to recover Ag and Au is spreading in this
region. Mining activities that use dangerous and toxic chemicals such as cyanide can be serious
sources of contamination. Besides, wastewater may contain heavy metals associated with fine-
grained sediments. However, metal concentration of river water is not remarkable 30 km
downstream from the point sources (Macklin et al., 2003), sediment-associated metals are
dispersed much greater distances.

In January and March 2000 two tailings dam failures occurred in Baia Mare (Nagybanya) and Baia
Borsa (Borsabanya) and resulted cyanide and metal pollution in the Lapos - Szamos - Tisza and
metal pollution in the Visé - Tisza river systems, respectively (UNEP, 2000).

The short term effects of the pollution events were studied by many researchers, and water and
sediment of the Lapos-Szamos-Tisza and Viso-Tisza river systems were found to be contaminated
by Cu, Zn, Pb and Cd (Bird et al., 2003; Brewer et al. 2003; Gy®dri et al., 2003a, Macklin et al.
2003; Osan et al., 2002; Wehland et al., 2002).

The mining accidents were followed by floods; therefore the metal pollution of the floodplains
were also observable (Kraft et al., 2006; Gyori et al., 2003b). Deposition of contaminated sediment
on floodplains during flood events and the mobilization of the pollutants may increase the plant
available metal content of the upper soil layer.

The mobility and phytoavailability of metals depend on their chemical forms (Kabata-Pendias and
Pendias, 2001). Hence, the river sediment was measured by sequential extraction procedures (SEP).
Bird et al. (2003) by the BCR (Community Bureau of Reference) SEP found that a remarkable rate
of Cd and Zn contents of polluted sediments (Lapos, Szamos and Tisza Rivers) were in
exchangeable form. Sulfide fraction of Cu and Zn were significant in the Lapos River but this
phase decreased by the increasing distance from the source of pollutants. Non-destructive
speciation of metals showed that high amounts of Zn and Cu contents of sediment particles and
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suspended particles from the main bed of the Tisza near to Tivadar exist in sulfide form (Osan et
al., 2002). Kraft et al. (2006) found that by SEP in the floodplains of the Szamos and upper Tisza,
Cd and Zn could be found in an easily available form.

The aim of this study was to evaluate the long term effects of these pollutions on the phytoavailable
metal content of soils by Lakanen-Ervid extraction of samples collected in 2011 from floodplains
and pastures along the Tisza (Tivadar, Vasarosnamény, Rakamaz, Tiszacsege), and comparing
these results to our earlier ones.

Materials and Methods

Soil samples were collected in April 2011 by deep drilling with a Nordmeyer drill (Nordmeyer
Holland, Overveen, The Netherlands). We sampled the 300 cm deep soil layer in three replications.
Sampling sites are represented in Table 1.

Table 1
Sampling sites

Sampling sites Geographical River km Type of samples Additional information

Tivadar g;;, ;) ;‘, (())4(1).86" 709 active floodplain affected by the 2™ pollution event
Véasarosnamény I]\EI 350 ?;' gg ?" 683 pasture affected by the 1* and 2™ pollution events
Rakamaz I]\glgf" gg, gg ',?,, 543 pasture affected by the 1% and 2™ pollution events
. N 47°42'59.9" . . affected by the 1*" and 2™ pollution events
Tiszacsege E 20° 57' 08.7" 453 active floodplain 8 years ago the area was refilled with soil

Soil samples were air dried and sieved (<2mm) for further analysis. The extraction of the easily
available metal content was conducted according to Lakanen and Ervid (1871). Cu, Zn contents
were measured by an Optima 3300 DV ICP-OES (Perkin-Elmer). The measurement of Pb and Cd
was conducted by a QZ 939 GF-AAS (Unicam) in 2000 and by an X7 ICP-MS (Thermo Fisher) in
2011.

All statistical analyses were performed with SPSS (version 13). Significant differences between the
metal contents of the soils in 2000 and 2011 were examined by nonparametric, two related samples
test (Wilcoxon test).

Results

Lakanen-Ervi6 extractable Zn, Pb and Cu contents of the studied soils (100 cm deep soil profile)
and the limit values (Kadar, 1998) are presented in Fig. 1. According to the easily mobilizable
metal contents the Tivadar floodplain considered to be unpolluted. The Zn contents of
Véasarosnamény, Rakamaz and Tiszacsege and the Pb content of Vasarosnamény exceed the limit
values.
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Sampling sites

Tivadar

Vasarosnamény @ zn
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Tiszacsege
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Metal content (mg kg™)

Figure 1. Available Zn, Pb and Cu contents (mg kg™) of the 1 m deep soil profile (2011)
*Proposed temporary limit value of available metal content for soil (Kadar, 1998)

Cd contents of the sampling sites (Fig. 2) were remarkable in Vasarosnamény, Rakamaz and
Tiszacsege. The average Cd content of unpolluted reference soils (Meers et al., 2007) is also
presented in Fig. 2. The Cd content of Vasarosnamény was nearly 6 times higher than that of

unpolluted soils.
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Figure 2. Box-plot of Cd contents (mg kg™") of the 1 m deep soil profile. Cd level (mg kg™") in unpolluted
reference soils is indicated according to Meers et al. (2007) (0.26 + 0.04 in soils with pH<7 and 0.25 £ 0.10
in soils with pH>7)

* extreme outlier
° outlier
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Our results proved that the pasture near Vasarosnamény is significantly polluted with Zn, Cd and
Pb. Hence, we compared the metal contents of the 300 cm deep soil profile to our earlier results
(Gyédri et al., 2003b) (Table 2).

Table 2. Changing of the Lakanen-Ervid extractable metal content of the 300 cm deep soil layer of
a pasture near Vasarosnamény (2000 and 2011)

Year 2000 2011
Depth(cm) | Zn Cd Pb | Zn Cd Pb
0-10 60 0.75 42 | 106 1.79 47
10-30 37 058 30| 72 156 42
30-50 34 048 28 | 68 138 44
50-70 31 045 30| 53 1.13 36
70-90 41 059 41| 68 132 51

90-110 40 053 38| 80 142 61
110-140 34 039 26| 71 131 48
140-170 26 022 15| 43 0.66 12
170-200 19 0.04 7 | 35 048 10
200-230 26 020 15| 42 053 11
230-260 28 025 18| 80 1.36 38
260-300 17 008 11| 30 0.56 14

Significant increases were observable (P<0.05) in the case of Zn, Cd and Pb contents. The increase
is remarkable in the upper 150 cm. A second peak is observable in the curves in 250 cm depth that
may refer to a previous major pollution event.

Discussion

Our results proved that the sampling sites affected by the first pollution event (Baia Mare, January
2000) are significantly polluted. Zn, Pb and Cd contents of Vasarosnamény, Rakamaz and
Tiszacsege were remarkable.

Farsang et al. (2009) studied the health risk of metals in the topsoil of a Fluvisol soil (pHyo 7.7,
loamy texture) located near the River Tisza. They found moderate risk (if the proportion of
vegetables grown in the studied soil is extremely increased in the consumption) when the Lakanen-
Ervié extractable Cd, Cu and Zn contents were 0.41, 27.1 and 53.1, respectively. Cd and Zn
contents of the studied soils in Vasarosnamény and Tiszacsege exceed these values, which refers to
the significant hazard of the pollution.

Sharma et al. (2009) studied the easily mobilizable (Lakanen-Ervié extraction) Cd, Cu, Pb and Zn
contents of high, medium and low contamination areas (due to mining activities). Comparing our
measurements to these results it can be concluded that the Cd, Cu and Zn contents of the studied
soils in Vasarosnamény, Rakamaz and Tiszacsege exceed the average Cd, Cu and Zn contents
(0.87, 12 and 26 mg kg™, respectively) of the low contamination area.

The effect of the second pollution (Baia Borsa, March 2000) on the available metal contents of the
Tivadar floodplain was not detectable, which is in accordance with the results of Szabo et al.
(2008).

We found that during the 11 year period the easily available Cd, Zn and Pb contents of
Véasarosnamény floodplain increased significantly. This may caused by the periodical flood events
and the mobilization of the pollutants. Further investigations (solid state partitioning of metals by
sequential extraction) are required to find an explanation of this increase.
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Abstract

The degradation of groundwater quality is mainly related to the intensification of agriculture, the use of
fertilizers and the overexploitation of groundwater aquifers which in coastal areas leads to sea water
intrusion. An assessment of groundwater quality was conducted in Assini and Iria valleys. Groundwater
samples was collected in the beginning (May) and in the end (October) of the irrigation season and subjected
to chemical analyses for the main anions and cations. Groundwater was classified using the Piper diagram.
Chloride and E.C. (electrical conductivity) contour maps of the regions were obtained in order to evaluate the
extent of sea water intrusion. The main cultivated crops in the regions are irrigated citrus and high amounts
of nitrogen fertilizers are used. Nitrate concentration of groundwater was found often to exceed the value of
50 mg/l. A comparison was made with the situation that was prevailing in the region eight years ago. The
suitability of groundwater for irrigation was evaluated.

Keywords: nitrate, sea water intrusion, fertilizer movement, nitrate

1. Introduction

The quality of groundwater is influenced by natural and anthropogenic factors including climate,
geology, land use, irrigation practices. Groundwater in coastal areas is vulnerable to salinization by
the intrusion of seawater. Especially in the Mediterranean countries degradation of groundwater
quality is a common problem due to multiple pressures on the aquifers, excessive pumping in
relation to low natural recharge, return flow from irrigation water with intense use of
agrochemicals, leakage from urban areas, land fills, septic tanks (Barraque, 1998; Fornes et al.,
2005). Irrigated agriculture is the main consumer of water in the Mediterranean and its expansion
in the last half of the century has been remarkable. In coastal areas urbanization and tourism place
also pressures on groundwater resources leading to unsustainable overexploitation (Iglesias et al.,
2007). In Greece many coastal aquifers are affected by salinization (Petalas, et al. 2009, Voudouris
and Daskalaki, 1998; Stamatis and Voudouris, 2003, Lambrakis, 1998).

The purpose of this study is to determine the chemical characteristics of groundwater in two coastal
aquifers in Greece, to examine the processes and chemical reactions involved and also to evaluate
suitability of groundwater for irrigation and domestic use.

1.1. Study area
Assini and Iria valleys are situated southeast of the city of
Nafplio and belong to Argolis Prefecture (Figure 1). Iria valley
is a coastal plain open towards the Argolis gulf. It is shaped as
an isosceles triangle with a direction from east to west the base
of which forms the coastal zone. It is run through by
Karnazeikos torrent by the erosive action of which it was
formed. The watershed of the torrent covers an area of around
. | 200 km? and Iria valley, of an area of about 3500 ha, lies in the
W\ U7 e S end part of the watershed close to the sea. The plain lies
gy =i { #| between the mountainous complexes of Mavrovouni to the
= s north and Didymon to the south. The flat area of the valley lies
Fig.1: Study area ~ between 0 and 20 m, the area near the village of Karnezaika
extends between 20 to 40 m. In the mountainous area of the watershed elevations more than 800m
are encountered. The area falls into the geotectonic zone of Eastern Greece. The limestone
formations of “Pantokrator” is surrounded the valley. The more recent deposits of sand and clay of
Quaternary covering the lower area is of small or moderate permeability and in some areas they
become more coarse and of greater permeability (Figure 2). Upstream of the plain and mainly in
the bed of Karnazeikos river coarse grained materials are encountered mainly boulders of different
sizes and high permeability. This zone of coarse grained materials is the main recharging zone of
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the aquifer of the plain. Across the plain a gravel layer has been created and in some areas the
depth of this layer is less than 1 m from the soil surface creating soils with moderate depth.
Groundwater was the only source of irrigation water and the aquifer of the plain is seriously
degraded quantitatively and qualitatively by the intensive and long overexploitation of
groundwater.

The Assini valley is situated between Argolis plain and Iria valley. The plain is crossed by a small
ephemeral river (Dafnopotamos). Outcrops of the several formations encountered in the wider area
are presented on the geological map. Quaternary alluvial deposits are encountered throughout the
Assini- Drepano plain overlying the flysch formation (Figure 2). Within the alluvial sediments an
unconfined aquifer is developed, its base is the interface between flysch and alluvium deposits
ranging in depth up to 50 m.

The mean annual precipitation in the Iria and Assini valleys is 411.68 mm and 494.6 mm

.IR hg* i .‘,T " I - ALl
i Ve 2
HEE!I!II!lmE e il

Fig. 2: Geological Map of Assini (left) and Iria (right)

Irrigation agriculture has been expanded in these areas during the last 40 years and the main crops
cultivated in Iria regions are vegetables, especially the salt tolerant artichokes that have replaced
the cultivation of citrus. A small proportion of the total cultivated area is covered by citrus and
olive trees. In Assini citrus trees are the main cultivation, covering 95% of the total cultivated area.

2. Materials and methods

For the assessment of groundwater quality water samples were collected from 40 boreholes in Iria
valley and from 25 boreholes in Assini. Groundwater samples were collected in June and October
2009 after the end of the rainy season and of irrigation period respectively. In all collected samples
EC, pH and the main anions and cations were determined. Ca’" and Mg®" concentrations were
measured by the EDTA titrimetric method, K™ and Na* by flame photometer, CO;”> and HCO; by
titration, SO4> by the turbidimetric method, NO;™ by the cadmium reduction method and CI by
potentiometric titration with silver nitrate (APHA, 1989).

3. Results and Discussion

In Table 1 the maximum and minimum values of E.C., pH and ion concentrations of groundwater
samples in May and October 2009 are presented for Iria and Assini valleys. Also for Iria valley the
values of ion concentrations prevailing in October 2004 are shown. In Iria groundwater was
seriously affected by sea water intrusion, EC values varied between 0.737 dS/m and 8.48 dS/m
with a mean value of 3.68 dS/m in October 2009. In the majority of water samples (56%) EC
values were greater than 3 dS/m. CI" dominates the anionic composition of water samples, its values
fluctuated from 1.36 meq/l to 70.36 meq/l and with 36% of the samples presented values greater
than 30 meq/l. The dominant cations are Mg*" and Na* with mean values of 14.01 meq/l and 13.85
meq/] respectively followed by Ca*" with a mean value of 8.24 meq/I.
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Table 1: Hydrochemical data of groundwater in the study areas (min and max values).

IRIA ASSINI-DREPANON
Oct 2009 May 2009 Oct 2004 Oct 2009 May2009
E.C. (dS/m) 8.48-0.74 7.43-0.72 11.28 - 1.46 3.76 -1.72 3.92-0.48

Ca™ (meg/l) 14.9-22 156-1.8 35.4-4.0 16.9 - 8.5 15.9-3.1
Mg” (meq/l) 40.5-3.5 33.6-2.8 61.0- 7.6 17.3-5.1 143-12
Na' (meg/]) 42.78-1.27 | 41.48-1.15 | 47.92-0.81 | 10.16-3.33 | 11.21-0.27
HCO; (meq/) | 11.0-1.2 9.6-2.0 13.2-32 52-1.8 52-14
CI' (meg/l) 70.36-136 | 57.50-1.32 | 99.2-7.60 | 21.31-9.67 | 21.50-0.92

SO,” (meg/l) 12.80-0.84 11.22 - 0.01 9.38-1.06 8.32-2.01 11.60 - 0.46
NO; (mg/l) 192.44-0.62 | 235.75-17.16 | 317.6-6.57 | 430.1 - 18.75 |365.50 - 7.66
SAR 19.73 - 0.66 18.02 - 0.65 16.22 - 0.27 3.17-091 3.36-0.23

In Assini valley EC values of groundwater are lower than in Iria, varied from 1.72 to 3.76 dS/m
with a mean value of 2.70 dS/m in October 2009. The dominant cations of groundwater in Assini
are Ca”" and Mg”" followed by Na'. The dominant anion is CI" with a mean concentration of 14.77
meq/l, its concentration varied from 9.67 meq/l to 21.31 meq/l. In Figures 3 and 4 the spatial
distribution of EC values and CI" concentration of groundwater are presented for October 2009 in
Iria and Assini regions respectively.
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Fig. 4: EC (left) and CI (right) contours in Assini region for October 2009.

EC and chloride contours are clear evidence of saline intrusion in the two regions since higher
values are observed in the coastal zones in the Gulf of Argolis. The area by the sea is consisted of
highly permeable materials allowing the intrusion of sea water and the deterioration of groundwater
quality. The phenomenon is more pronounced in Iria valley where also in the centre of the valley,
high values of EC and CI are prevailing. Groundwater quality in Iria valley was more degraded
some years ago (Poulovassilis et al., 1994) as it can be seen from the range of ion concentrations in
Table 1, but the transfer of water from Kiveri springs as an additional irrigation source relieved to
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some extent the pressure in the aquifer from the intense agricultural practices in the region and
there is an obvious amelioration of groundwater quality.

In order to examine the relationship between the different ionic species correlations between major
ions were performed using Speerman’s coefficient analysis. Relative strong correlations, significant
at p=0.05 level, were found between EC and CI" (r=0.098), Mg”" (0.885), SO, (0.838), Na'(0.776)
and Ca*" (0.72) for Iria groundwater samples in October, implying that groundwater chemistry was
mainly controlled by these ions. The EC values in Assini valley are strongly correlated with CI'
(0.933), Ca*" (0.832) and SO,” (0.789). To classify the groundwater and to identify the
hydrochemical processes the Piper diagram is used (Figure 5) (Piper, 1944).

80 60 40 20 20 40 60 80
Ca Na HCO3 cl ce Na heos e

Fig 5: Piper diagram for groundwater in Iria (left) and Assini (right) regions

The most obvious indication of seawater intrusion is the high increase in CI concentration. The
dominance of chloride ions in relation to carbonate ions indicates secondary pollution from sea
water intrusion (Todd, 1980). All samples (except one) in Iria had values of the ratio CI/HCO;
much greater than 1 and 60% of the samples have values greater than 5 reaching also very high
values greater than 15, thus indicating significant saltwater encroachment. In Assini region all
samples present values of CI/HCO5 higher than 1 and 40% of samples have values between 5 and
10. The existence of Ca-Cl or Mg-Cl or Ca-Cl, SO, facies, as the water types of the study areas, in
a coastal aquifer indicates the existence of inverse ion exchange (Appelo and Postma, 1994; Lloyd
and Heathcote, 1985). The Na'/Cl ratio is also used is an indicator of seawater intrusion. The
Na'/CI ratio in all samples is significantly lower (0.57 in average) compared to the seawater ratio
(0.858) indicating reverse ion exchange processes.

Nitrate contamination of groundwater has become an issue of growing concern since intense
agricultural practices; high rates of nitrogen fertilizers generally result in low N use efficiency and
high N loss through leaching rending the water of the aquifer unsuitable for drinking (Keeney,
1986). Nitrate concentration ranged from 17.66 to 430.1 mg/l in Assini region and from 0.62 to
235.62 mg/l in Iria region during the two sampling periods. The distribution of NO;™ for the two
study regions is shown in Figure 6.
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Fig. 6: NO5  contours in Iria (left) and Assini (right) regions in October 2009.
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In October 2009, nitrate concentration of groundwater exceeded the limit of 50 mg/l set for
drinking water (EC, 1998; WHO, 2006) in 42% and 80% of the water samples for Iria and Assini
respectively. Groundwater in the two regions is heavily contaminated by nitrates since it is a
common agricultural practice the addition of large amounts of nitrogen fertilizer, in an effort to
counter the adverse effects of irrigation water salinity on crop yields. Shallow unconfined aquifers
as the aquifers in Iria and Assini valley present a high contamination risk of nitrates. Additionally
the increased rates of leaching imposed to tackle with the soil salinity and the existence of gravel
layer across the valley especially in Iria enhance the leaching and the transfer of NO;™ to
groundwater.

Different schemes for the evaluation of water for irrigation have been proposed (USSL, 1954,
Ayers and Westcot, 1988). In Figure 7 the classification of groundwater for irrigation purpose is
shown according to USSL, 1954 based on EC and SAR (sodium adsorption ratio) values. SAR
(Sodium adsorption ratio) is used to evaluate the sodicity hazard of irrigation water. Excess
exchangeable sodium in soils can lead to soil swelling and/or dispersion causing water infiltration,
aeration and root penetration problems.

Fig. 7: USSL diagram for irrigation water quality classification
(USSL, 1954) (red circles: Iria, blue triangles- Assini).

From the evaluation of water quality for irrigation according to USSL, 1954 it is obvious that the
quality of groundwater is deteriorated and its use for irrigation is severely restricted. Most of the
samples are characterized as C4S1 for Assini and C4S2 for Iria regions (Figure 7) presenting a
severe danger to develop high levels of soil salinity and important reduction in crop yields. The
adverse effects of salts on plants are generally related to the decrease of the osmotic potential of the
soil solution reducing the availability of water to plants and thus affecting plant growth and its
productivity (Shainberg and Shalhevet, 1984, Tanji, 1990). Excessive concentrations of Cl and Na"
cause also specific toxicities to the crops. Citrus trees are sensitive to salinity and the use of
groundwater for the irrigation of citrus trees leads to reduced yields (Maas, 1993). The low to
medium levels of SAR value in the majority of samples indicate that soil alkalization problems of
dispersion or reduction of the infiltration rate in the soil could not be expected by the use of these
waters.

4. Conclusions

Groundwater quality in both areas due to over-pumping and intrusion of sea has been seriously
degraded. The higher values of EC and CI are prevailing in the coastal zones but also extent to the
central areas of the regions. ClI" dominates the anionic composition of water samples and is strongly
correlated with EC values. EC is also positively correlated with Mg®*, SO,*, Na" and Ca*". Ionic
ratios and water hydrochemistry show that groundwater degradation is due to extensive seawater
intrusion. Hydrochemical facies of groundwater and the low ratio of Na/Cl prevailing in the area
reflect reverse ion exchange processes. Groundwater in both regions is also heavily contaminated
by nitrates due to intense use of fertilizers.
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Abstract

Phosphorus (P) additions are vital for profitable crop and livestock production. However, excess
losses of P from agricultural lands to watersheds can contribute to eutrophication problems.
Therefore, implementation of management practices that minimize erosion and runoff plays a
crucial role in P transport. This field study was conducted to investigate the effects of P rates (0, 90
and 135 kg ha™), tillages (conventional-till (CT), and Chisel-till (ChT)), and irrigation efficiencies
(40% and 60%) on P losses (total P (TP), Bioavailable P (BAP), and water soluble P (WSP)) in
runoff water from furrow irrigated cotton fields at two different locations (Eyyubiye and Koruklu).
Sediment losses, runoff volume and P were summed over the growing season. Significant
interaction between tillage and irrigation efficiency for runoff volume in 2009 were found in both
locations. Runoff volume was generally highest with low irrigation efficiency (40%) and ChT.
Similar interaction was also found for sediment losses in 2009 at Koruklu location as well as in
2010 at Eyyubiye location. Generally the highest sediment losses were with CT and lower
irrigation efficiency, whereas the lowest ones were with ChT and higher irrigation efficiency
(60%). Phosphorus losses significantly increased with increasing P rate and decreasing irrigation
efficiency. For example, P losses in 2010 for Eyyubiye location were ranged from 132.4 to 1298.6
g ha for TP, 60.4 to 293.2 g ha for BAP, 83.7 to 716.2 g ha™ for WSP. The highest P losses were
with low irrigation efficiency and CT, whereas the lowest ones were with high irrigation efficiency
and ChT. Overall, the results suggested that increasing P rate increased P losses but no effects on
sediment losses and runoff volume which were accelerated by CT and low irrigation efficiency.

Keywords: P losses, P runoff, Eutrophication, Tillage, P transport.
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Abstract: The optimal detection and quantification of contamination plumes in soil and groundwater by
petroleum organic compounds, gasoline and diesel, is critical for the reclamation of hydrocarbons
contaminated soil at petrol stations. Through this study it has been achieved a sampling stage
optimization in these scenarios by means of the location of potential contamination areas before sampling
with the application of the 2D electrical resistivity tomography method, a geophysical non destructive
technique based on resistivity measurements in soils. After the detection of hydrocarbons contaminated
areas, boreholes with continuous coring were performed in a petrol station located in Murcia Region
(Spain). The drillholes reached depths down to 10 m and soil samples were taken from each meter of the
drilling. The optimization in the soil samples handling and storage, for both volatile and semi-volatile
organic compounds determinations, was achieved by designing a soil sampler to minimize volatilization
losses and in order to avoid the manual contact with the environmental samples during the sampling. The
preservation of soil samples was performed according to Europe regulations and US Environmental
Protection Agency recommendations into two kinds of glass vials. Moreover, it has been taken into
account the determination techniques to quantify the hydrocarbon pollution based on Gas
Chromatography with different detectors and headspace technique to reach a liquid-gas equilibrium for
volatile analyses.

Keywords: petroleum contaminated soils, petrol stations, soil sampling, electrical resistivity tomography
method.

Introduction

Soil pollution due to petroleum products: gasoline, diesel and heavy oils as well as the possible
scope of the groundwater bodies is one of the major currently environmental issues for great
concern due to the toxicity of some volatile organic compounds (VOCs) and semi-volatile
organic compounds present in these fuels. A soil contamination could be produced by petroleum
products spill and leaks related to activities of refinement and fuel dispensing at petrol stations.
Although pipelines and tanks are designed to avoid this kind of accidents, the large amount of
fuel dispensed at petrol stations during the years which are operating may cause a very
important damage in the surrounding area.

Electrical resistivity tomography is increasingly being used at sites contaminated by petroleum
organic compounds, as an aid in the characterization and monitoring of these sites (Atekwana et
al., 2000). Hydrocarbons are excellent insulators and exhibit very high values of electrical
resistivity(Delaney et al., 2001). Geophysical techniques can be also used to monitor remedial
actions conducted on the environmental sites (Park, 2001).

Some authors have studied different electric responses in the subsurface for the presence of
organic substances and they have been proposed several models to interpret the tomographic
profiles: an insulating layer model that assumes that the presence of hydrocarbons, usually with
a hydrophobic character, in the subsurface can be inferred because of a lower electrical
conductivity than the surrounding zone (King and Olhoeft, 1989; Daniels et al., 1992; Endres y
Greenhouse, 1996; Campbell ef al., 1996). This model attributes a low resistivity to mineral
weathering resulting from microbial redox processes in the subsoil. A newly proposed
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geoelectrical model for hydrocarbon contaminated sites predicts high conductivities coincident
with the contaminated zone as opposed to the traditionally accepted low conductivity (Werkema
et al., 2003).

Environmental contamination by diesel and gasoline can be quantified by DROs (Diesel Range
Organics) and GROs (Gasoline Range Organics) analysis. The main problem to determine
volatile and semivolatile organic compounds in the environmental soil samples is the losses by
volatilization of target analytes during the sampling stage and storage. Most determination
methods are designed with dry soil samples previously.

In order to minimize losses of analytes and optimize the sampling design, a combined
geophysical and geochemical methodology has been designed in this study for former petrol
stations.

Materials and Methods

A. ERT 2D at petrol stations

An environmental monitoring was carried out by applying the non destructive geophysical
technique: Electrical Resistivity Tomography 2D (ERT) in a petrol station located in the
semiarid Murcia Region (SE Spain) (Fig. 1.). The application of electrical tomography
technique involves performing variable-length profiles as a function of electrode gap (Bernard,
2003, Martinez-Pagan, 2006). Thus, the survey design requires covering the zone where fuel
storage tanks are and optimizing the resolution of the shallow layers by the application of
different measurement configurations. In order to minimize the error and to obtain good results,
the dipole-dipole and Wenner-Schulmberger configurations were tested in the study areas. After
tuning, it was performed a dipole-dipole configuration for measurements due to good results in
all petrol stations with a electrode gap of 2 meters, getting a depth of investigation of 12 meters.
Dipole-Dipole device is very sensitive to horizontal resistivity changes, but relatively
insensitive to vertical changes, so it is useful in vertical structures such as buried walls, pits, and
contaminant plumes, but relatively poor in horizontal structures such as sedimentary layers
(Lopez et al. 2009).

Mediterranean Sea

Figure 1. “Petronor” Petrol Station location

Placement of three tomography profiles at petrol station was performed according to the
location of the filling mouths in the underground storage tanks (USTs) and to cover the largest
possible area (Fig.2). A SYSCAL RI1 geophysical resistivimeter by IRIS Instruments (France)
has been used at petrol station. After performing field tomographic profiles we proceeded to
download the experimental data on a laptop through the PC connection with ProSYS II
software. It was made a filtered process and elimination of outliers to obtain a lower error than
the permissible for obtaining the best quality results.

Similarly, we proceeded to perform the topographic corrections in those profiles where it was
necessary. For the correct interpretation of the results, it was performed a investment process
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with RES2DINV software, a process based on several iterations comparing the measured results
with those calculated by the software configurations taking into account the device used: dipole-
dipole. A new implementation of the least squares technique based on quasi-Newton
optimization (Loke and Barker 1996) is used for the inversion process in RES2DINV software.
As a result of the geoelectric data treatment process, it is obtained a pseudosection representing
soil resistivity contours as a function of the depth and length of the profile drawn. The isovalue
outlines are defined by a colour scale.

The main purpose of the ERT surveys is a design optimization of the soil sampling at different
depths for the physico-chemical characterization and the identification of organic pollutants due
to the anthropogenic activity in located areas. The sampling was carried out by mechanical
drillings.
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Figure 2. Layout of ERT profiles in the selected petrol station for electrical measurements

B. Handling and Storage: soil samples for VOCs and semi-volatile determinations

In this paper, it’s proposed a general method for the sampling and preparation of VOCs and
semi-volatile in soil and sediment for further determinations by gas chromatography (GC). Soil
samples were taken each meter by mechanical drillings in the selected zones by ERT results and
stored into two kind of glass vials at the same time of sampling. For VOCs analysis (GROs), a
soil sampler has been designed for this purpose in order not to handling the contaminated soil
(Fig. 3). This soil sampler provides different quantities of soil to put in a headspace glass vial
containing 10 mL of modified matrix solution (MMS) (Fig. 4.) in order to minimize
volatilization losses, until the introduction in a Headspace device previous GC/MS
determination (HS-GC/MS) for VOCs. Three samples into headspace vials have been taken
from each meter depth. The MMS for soil samples was KCI1 250 g/L (Serrano and Gallego,
2006). Headspace vials containing soil samples must be stored at 4°C in the field. This
methodology is applicable to a wide range of organic compounds which have a high volatility
sufficiently to be effectively removed from soil samples using an equilibrium headspace
procedure.
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Figure 3. Soil sampler designed for collection of environmental samples without handling

For semi-volatile analysis (DROs), a composed soil sample from each meter is stored into a
40 mL amber glass vial without headspace, keeping the vial completely full (Fig. 4.). Amber
vials containing soil samples must be stored at 4°C in the field for analytes determination by gas
chromatography-flame ionization detector (GC/FID) without previous drying samples.

VOCs analysis

HS vial 22 mL

HS vial 22 mL

Undisturbed soil Svial 22 mL

Semi-volatile analysis
Amber glass Vial
40 mL

Figure 4. Sampling methodology and handling for hydrocarbons analysis

We have followed the US Environmental Protection Agency recommendations (US EPA
5000) for the cleaning of sampling glass containers and glass material. For semi-volatile

analysis, the glass material is rinsed with distilled water-MilliQ® water-acetone twice while

for VOCs it is rinsed with distilled water-MilliQ®) water-dichloromethane before using them to
store samples.

Results and Discussion

Results from the ERT 2D application at the petrol station are shown in Fig. 5. The
geoelectrical pseudosection for ERT profile 1 in wet season shows several resistive regions
called A, B, C, D, E and F. The A and C regions have moderate electrical resistivity values
between 80 Q-m to 600 Q'm due to the compressed natural soil influence out of the asphalted
zone. On the other hand, D and E regions show resistivity values above 500 Q-m, getting even
2000 Q'm. These regions are located between 4 to 5 m depth matching up with the UST filling
mouths positions in the surface. These resistivity anomalies could be caused by the UST
positions. The F region is a non natural anomaly produced during the data processing step and it
can’t be related to the presence of any hydrocarbons leak in the subsoil.

In the electrical pseudosection from ERT profile number 2, it must be highlighted the F
anomaly with values above 2000 Q-m because of its size and large expanse. This anomaly is
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situated between electrodes 14 to 24 where filling mouths and auxiliary services, like piping, are
located. A moderate resistivity layer (H) with values between 10 Q-m to 80 Q'm is located
above F anomaly. The insulating layer model (Sauck, 1998; Atekwana, 2000) assumes that the
presence of hydrocarbons, usually hydrophobic, in the subsoil can be inferred due to
contaminated groundwater and lower electric permittivity than its surroundings, so, F region
could be related to the presence of petroleum organic pollutants in the subsoil.
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Figure 5. ERT processed pseudosections from “Petronor” petrol station in wet and dry seasons
and selected areas for sampling.

Data measurements from ERT profile number 3 have given a pseudosection with two main
moderately resistivity anomalies, M and N whose resistivity values are below 50 Q-m that could
be related to old fuel spills. K and L layers, with values between 80 Q-m and 500 Q-m, could be
produced by different geologic materials and slightly porous but not by the presence of
hydrocarbons in this zone.

Following the geophysical interpretation, the sampling design stage should be consistent with
these results. Thus, the anomalies B, H and J from ERT profiles 1 and 2 were selected as
potential hydrocarbons contaminated areas for sampling, reaching 8 m depth. In this way, if the
results of hydrocarbons determinations are negative in the selected soil samples for both
drillings, it could rule out the existence of important fuel contamination plumes in the subsoil of
the petrol station.

For each mechanical drillhole (J1, J2 and J3), soil samples were taken as it is defined in Fig.
6, using the appropriate containers and the soil sampler designed for that purpose. Subsequently,
the GROs and DROs analysis in the environmental samples were carried out by HS-GC/MS and
GC / FID analytical techniques, respectively, confirming the existence of some petroleum
hydrocarbons in the subsoil below 50 mg/kg.

In short, combining the geophysical technique Electrical Resistivity Tomography with a
specific sampling design methodology is presented as an useful tool for the location of USTs
and the detection of areas with anomalous values which could indicate the existence of
hydrocarbons in the subsoil due to leakage at petrol stations.
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Abstract

The production of environmentally friendly products in Kazakhstan is an important task of
present period. Raw cotton is the main raw material for the textile and food industries.
Cotton seeds are used for production of cottonseed oil, which is widely used along with
sunflower oil. The quality of produced oil depends on the ecological condition of arable
land under cotton. In this connection, we carried out studies on contamination of arable
land with heavy metals. Scheme of survey was based on cartographic basis of the farm.
Land plot is divided into elementary plots with area of seven hectares. Of each plot the
combined soil sample of twenty cm layer was taken. In soil samples taken by atomic
absorption method, the content of mobile forms of zinc, copper, lead, cadmium and nickel
was identified. According to the obtained results of chemical analysis of soil, the colored
cartograms of contamination of arable land were made. Experimental data have shown that
a priority pollutant of cotton arable land are lead, nickel and cadmium with a twofold
excess of the maximum permissible concentration in the soil. The content of mobile zinc
and copper in arable land is insignificant and do not exceed the maximum permissible
concentration. In cotton plants, taken from highly contaminated sites, the highest content
of lead, nickel and cadmium in stems and bolls is observed, from which these elements
can penetrate to cotton seeds. Every year samples of irrigated water were taken and
analyzed. Analyses showed that the source of contamination of arable land can be irrigated
water that contains lead, nickel and cadmium. In order to exclude contamination of arable
land with heavy metals and production of environmentally friendly products it is necessary
to improve collector-drainage systems on irrigated gray soils subjected to secondary
salinization and conduct monitoring of pollution of irrigation water.

Key words: Soil, environment, pollution, heavy metals, cartogram.
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Abstract

The largest colemanite reserves occur around the Emet Town which is located in the Midwest of the
Anatolia. Two groundwater (drilled) sources (Mali 1 and Mal1 2) were supplied to the town for drinking
about 20 years ago. Later, mean values of Arsenic contents of Mali 1 and Mal1 2 water samples were reported
as 448 ppb. and 633 ppb., respectively. The water sources contained much higher levels of arsenic than
maximum contaminant level (MCL) set as 50 ppb. in Turkey. Hence, use of these waters was prohibited in
Oct. 2001. MCL was lowered to 10 ppb in 2005. A good quality water was supplied to the town center about
four years ago. It was reported that geochemical examinations of the Emet borate deposits contained As and
S bearing minerals such as: Realgar (AsS) and Orpiment (As,S3) as scattered nodules in the colemanite
formations. High levels of Arsenic in the groundwaters were considered to be associated with the dissolution
of these minerals occurring in the study area. Some skin disorders seen at the inhabitants of Igdekdy Village
are linked to the high arsenic contents of drinking waters. Detailed Arsenic analyses of the soil, plant and
irrigation water samples are suggested for the region.

Keywords: Arsenic, Waters, Borates, Emet, Kiitahya.

Introduction

Since arsenic poisoning via groundwater has become a worldwide problem, a rapid growth in
research on arsenic occurence and behaviour has happenned over the last decades. Today,
environmental arsenic problems have been very well documented in several publications (Smedley
and Kinniburgh, 2004; Smedley, 2006; Ravenscroft et al. 2009; Atabey, 2009). Arsenic is
ubiquitous element detected in low concentrations in virtually all environment. Although most
envirommental problems are result of mobilization under natural conditions, anthropogenic impacts
have been significant in places due to activities such as mining, fosil fuel combustion, wood
preservation, use of arsenical pesticides and arsenic based additivites in livestock and poultry feeds.
Arsenic occurs as a major constituent in more than 200 minerals including elemental arsenic,
arsenides, sulfides, oxides, arsenates and arsenites. Among the most common occurrences in ore
zones are arsenian pyrite (Fe(S,As),), arsenopyrite (FeAsS), realgar (AsS), and orpiment (As,S;).
Most groundwaters are usually low or very low having arsenic concentrations below the WHO
provisional gudieline value for drinking water of 10 ppb. However, in some circumstances they can
reach far in excess of these statuary drinking-water limits and thus cause a potentially threat to
human health. Groundwaters are generally more vulnerable to As contamination than surface
waters because of the interaction of groundwater with aquifer minerals and the increased potential
in aquifers for the generation of the physicochemical conditions favorable for As release. Indeed,
the majority of the world’s reconised As-related health problems are linked with long-term use of
high arsenic drinking waters. Some of the best documented and most severe cases of As-
contaminated grounwater ocur in aquifers from Bangladesh, China, India, Nepal, Argentina and
Mexico. It was also emhasised that 35 million people were drinking groundwater with As
concentrations above 50 ppb. And up to 57 millions were drinking water with greater than 10 ppb.
(Smedley, 2006). Recognized health problems resulting from chronic exposure to Arsenic in
drinking water consists mainly of skin disorders, notably pigmentation changes (melanosis) and
keratosis, although skin cancer has also been identified (Smedley and Kinniburgh, 2004; Smedley,
2006). This paper is mainly aimed to review the high arsenic containing water problems, its
relation to arsenic bearing minerals in boron mines and health aspects in Turkey.

Arsenic Studies in Turkey

1-Arsenic concetrations in waters and its relatonship to sulfide minerals: The largest
colemanite reserves occur around the Emet Town which is located in the midwest of the Anatolia.
Two groundwater (drilled) sources (Mali 1 and Mali2) were supplied to the town (population of
20.000) about 20 years ago by the Bank of Provinces (Emet-Kiitahya Igme Suyu Tesisi, 2001).
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Table.1. Arsenic contents of the groundwaters (Mali 1 — Mali 2) Arsenic Levels, (ppb.) (Emet-
Kiitahya Igme Suyu Tesisi, 2001)

Source Sample Size Minimum Maximum Median MCL
Mali 1 (n=8) 150 634 448 50 (1984)
Mal1 2 (n=9) 48 633 384 10 (2005)

The above results indicated that these two groundwater sources contained much higher levels of
arsenic than Maximum Contaminant Level (MCL) (50 ppb.) set in Turkey. Hence, use of these
waters was prohibited on Oct. 2001. In 2005 the MCL was lowered to 10 ppb. which was set as 50
ppb. in 1984. It was reported by Helvaci and Firman (1976), Helvaci (1984) and Helvaci and Orti
(1998) that geochemical examinations of the Emet borate deposits contained As and S bearing
minerals such as; realgar (AsS) and orpiment (As,S;) as scattered nodules in the colemanite
formations. Consequently high levels of Arsenic in the natural waters were considered to be
associated with the dissolution of these minerals occurring in the Emet water catchment area (Orug,
2004; Dogan and Dogan, 2007). A good quality water have supplied to the town about four years
ago. The hydrochemical study of the area surrounding the Hisarcik (Emet-Kiitahya) colemanite
mine showed extremely high Arsenic contamination in groundwater between 0,07 to 7,754 ppm.
and the Neogene borate-bearing clay unit that contains some arsenic minerals such as realgar (AsS)
and orpiment (As,S;) in colemanite (Ca,B¢O,;.5H,0) nodules were responsible for arsenic
contamination in the study area (Colak et al., 2003).

Col and Col (2004) reported about the arsenic concentrations in the surface, well, and drinking
waters of the Hisarcik-Turkey, ranging from no detectable amounts to 3,00 ppm. (mean: 0,46 +
0,07 Std).

According to Dogan and Dogan (2007), groundwaters in Emet showed the highest total arsenic
concentrations varying from 8,9 to 10,7 ppm. The level of arsenic in the groundwater in the area
was related to the dissolution of sufide minerals, dissolution or desorption from iron oxyhydroxides
and/or up flow of geothermal water. It was also indicated that arsenic in groundwater also effects
ecology. For example only Juriperus oxycedrus and J. varoxycedrus types of vegetation were
observed in locations with the highest levels of arsenic in the region. Branches and roots of these
plants enriched in arsenic.

Gemici et al., (2008), studied the environmental impacts of borate mines in Bigadi¢ District which
are the largest colemanite and ulexite deposits in the world. They indicated that arsenic was the
major pollutant in the groundwater samples, concentrations varying from 33 ppb. to 911 ppb.
Geochemical study of Emet-Hisarcik Boron Basin revealed that average arsenic contents of seven
drinking water samples was 0,17 (£ 0,257) ppm., (Ozkiil et al., 2008).

Giindiiz et al., (2010) indicated that in 27 wells drilled in the superficial aquifer of the Smav Basin
has yielded an average As concentration of 99,1 ppb. with a maximum of 561,5 ppb. It was also
noticed that death statistics from 1995 to period 2005 period collected from the study area has
revealed increased gastrointestinal cancers above Turkish average. They are some cities in Turkey
that drinking waters contained higher amounts of arsenic than permitted level of 10 ppb. It worths
to mention that three natural water sources supplying drinking water to the inhabitants of Geater
Municipality of izmir were found to contain As levels 59 ppb. in Goksu, 32 ppb. in Sarikiz, and 13
ppb. in Halkapinar springs until 2008 (Bagkan and Pala, 2009). Nowadays, following the treatment
of these water sources with very high costs, arsenic levels of drinking waters are reported to be
around to 5 ppb. in izmir Metropolitan, as reported by the Greater Municipality web. sites. On the
otherhand, disposal of large amounts of arsenic sludge poses another environmental probems.

2-Health Aspects: Arsenic-related skin lesions in a palm and sole of an inhabitant of Igdekdy
Village in Emet was first reported by Barig (2003). It was indicated that people of Dulkadir Village
of Tavsanli-Kiitahya (located up of the Ag mining) where the water contained As as 0,3-0,5 ppm.
had fewer lesions than those of from Igdekdy people at Emet with As as 8,9-9,3 ppm. arsenic in
waters. Among the inhabitants of Igdekdy 30% (33/97) had arsenic-related skin disorders
compared to 5,35% (3/56) of Dulkadir inhabitants (Dogan et.al., 2005). After studying on the blood
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and hair samples of 30 inhabitans of Igdekdy-Emet Sardas (2009) indicated that exposure to arsenic
in drinking water causes serious DNA damage thus leading to carcinogenesis. The recomended
levels of arsenic by the WHO are 0,01 ppm. for drinking waters, 0,01-1,0 ppm. in air, and 2-23
ppb. in blood, however, determined values in this research were found as 1,70 ppm. for drinking
water, 89,09 £+ 0,64 ppm. in hair and 155,42 + 3,59 ppb. in blood.

Concluding Remarks

About 40 years ago, several university members have indicated the occurence of arsenic containing
sulfide minerals such as realgar and orpiment in borate deposits at Emet environs. Presumably,
since due attention has not been given to the possibility of arsenic contamination of groundwaters
in this water catchment area, two groundwaters (drilled) were brought to the Emet Town Center.
These drillings were shotdown after detailed arsenic analyses of the waters, indicating about ten
times higher levels of arsenic than official limits (50ppb.) used at that time. Since investment and
running costs of arsenic removal are very high especially for small municipalities, mixing
possibilities of good quality water with high arsenic waters should also be considered in endemic
sites. Disposal of sludge loaded with very high amounts of arsenic can pose another environmental
problem that must bu considered throughly in the arsenic treatment project planning.

Arsenic analyses of groundwater, surface and drinking waters, soil and plants are suggested in
addition to Emet-Hisarcik-Kiitahya, and also in other borate mining areas such as Kirka-Eskisehir,
Bigadi¢-Balikesir. Healths of inhabitants of these areas should also be screened. Turkey takes place
on Alp-Himalayan geogenic belt with high tectonic activities triggering hot waters with elevated
mineral contents. Uncontrolled discharge of wastes of geothermal fluid can contribute arsenic and
boron contamination of surface waters in goethermal areas, notably in B. Menderes and Simav
Basins which have very fertile soils. Also water, soil and plants around smelting sites such as in
Murgul-Artvin should be carefully analyzed for arsenic and other elements.
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Abstract

This work is based on the Technical Assistance project for the Implementation of the Nitrates Directive in
Turkey*. The nitrates content of waters in Turkey is, in general lower in comparison to several southern and
central EU countries. However, it has been observed from available data that the pressure from N fertilization
and livestock manure on water quality in certain provinces is rather high. The monitoring net work consists
of 1630 monitoring water stations in the whole territory of Turkey, among them 919 for surface and 711
groundwater stations. Elaboration of data received from the Ministry of Food, Agriculture and Livestock
(MFAL) indicate high variation of nitrates in both surface and ground waters. Nitrates Vulnerable Zones
(NVZs) and Potentially Nitrates Vulnerable Zones (PNVZs) were dessignated, Codes for Good Agricultural
Practices (COGAPs) are under preparation, and a rational nitrogen fertilization plan for the main crops will
be finalized by the end of July 2012. Fertilization plans take into consideration the following factors: N crops
requirements, expected yield, soil texture, mineralized nitrogen, quantity of inorganic nitrogen in the root
zone before sowing date, nitrates inputs from irrigation, inorganic fertilizers and manure, soil slope and
nitrates leaching. Thematic maps for the entire country were compiled, presenting spatial and
temporal variation of nitrates at river basin level and also at province level. Mean values of nitrates
in groundwaters higher than 50 mg/l were observed in 5 provinces and those higher than 15 mg/l in surface
waters were recorded in 13 provinces. The monitoring network is suggested to be more representative and
effective, and the density of sampling points (especially for groundwaters) should be based on hydro
lithological characteristics, geology, geomorphology, soil properties, land use and water exploitaion for
agriculture. Improvements in the nitrates monitoring network, will assist the competent authorities of the
Ministry of Food, Agriculture and Livestock to implement the requirementd of DIR, 91/676/EEC in order to
mitigate pollution caused by nitrates from agricultural activities.

Introduction

Nitrates in surface and groundwater vary greatly across European Countries, and this variation
mainly reflects climatic conditions, population distribution and agricultural activities. The
Mediterranean regime has a warmer climate than that of the northern Europe which allows more
intensive cropping and exploitation of the cultivated land. In addition, the population density in
northern European countries is lower and the geological conditions are generally not suitable for
intensive cultivation, while the overall level of nitrates pollution is low.

On the way to prepare the accession to the European Union, environment is regarded as one of the
most important topics in Turkey. In 1991, the Council Directive 91/676/EEC on the protection of
waters against pollution caused by nitrates from agricultural sources was entered into force for the
EU members. In the context of adopting and implementing this Directive, the Regulation on
protection of the water against nitrate pollution caused by agricultural resources was put into force
in Turkey in February 2004 (Official Gazette 18/02/2004, numbered 25377). In this framework,
applying Codes for Good Agricultural Practices in the Nitrates Vulnerable Zones, one of the aims
is to improve water and soil quality as well as to prevent water and soil pollution caused by
nitrates. Another important element is the improvement of the national monitoring network related
to ground and surface waters and the provision of information to the policy makers and to the

“This Project (Contract Number: TR0702.06-02/001) is financed by the European Union and is implemented
by Vakakis International S.A. (GR), in association with Teagasc (IR), International Office for Water (FR)
and BRGM (FR).
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public in order to prevent further pollution by nitrates. The implementation process requires a
number of technical challenges in Turkey having one of the largest surface areas as a candidate
among EU member countries. Many of the Turkish river basins are international and shared by
Middle East countries. This situation has an impact on establishing rational water management
plans. Furthermore, Action Plans and Codes for Good Agricultural Practices have to be established,
soon after the designation of the NVZs. It should be stressed that there is an increased concern from
central and provincial authorities for the implementation of nitrates directive which is a challenge
for scientists involved in this initiative.

Based on the assessment of the Nitrates Regulation of Turkey it can be argued that the national
regulation is a useful starting point for the forthcoming secondary legislation, i.e. establishment of
action programme(s) and codes of good agricultural practices. The establishment of a monitoring
system from MFAL was a rather good starting point for a rough identification of polluted (or
potentially affected) waters in Turkey according to the Nitrates Directive and for the delineation of
nitrate vulnerable zones at acceptable certainty.

General information on regions and provinces are available regarding climate, agricultural regions,
land use, irrigated areas, areas of major animal and crop production, total use of inorganic
fertilizers and animal manure, pressure from agriculture on the environment and areas with
intensive farming.

A harmonized and appropriate methodology for assessing the eutrophic status of surface waters is
required to be developed. Coordination is needed in terms of covering the different legal
obligations (e.g. UWWTD, WFD, Nitrates Directive etc.) and in terms of the distributed
responsibilities for these obligations (e.g. Ministry of Food, Agriculture and Livestock, Ministry of
Environment and Urbanisation and, the Ministry of Forestry and Water Affairs).

The T.A. project financed by the EU, is implemented by Vakakis International S.A. (GR), and is
under the supervision of the MFAL as the main administrative body for nitrate pollution
prevention. After the re-structuring, the General Directorate of Agricultural Reforms (GDAR) is
the main implementing body. However, limited information is available on the eutrophic status of
surface waters which linked to the identification of sensitive zones under the EU Urban Waste
Water directive 91/271/EC as published in the Turkish OJ 27271 in June 2009 (Declaration MoEF
“Urban Waste Water Treatment Regulation — Sensitive and Less Sensitive Areas Declaration”).

Materials and Methods

Nitrates concentration from 1630 monitoring stations (919 surface and 711 ground water) for the
period 2008-2011 that are sampled on average at quarterly intervals or less, were provided by
MFAL, and appropriately transfered into an SQL Server, to create a functional database. A set of
statistical parameters were calculated for each monitoring point and for every group of monitoring
points (i.e. surface, groundwater, river basin level, etc). For those catchments which did not have
any water quality monitoring points it was not possible to employ any statistical analysis. The non-
parametric method was used to calculate the 90" percentile (P90) nitrate concentration at each
monitoring point and whether this exceeded 37.5 mg/l and 15.0 mg/1 for ground and surface waters,
respectively. On the basis of these threshold values (TV) the NVZ’s and potential NVZ’s were
identified, setting as inclusion criteria the exceedence of 20% and 5% of the monitoring points per
river basin (or province), respectively.

This Project adopted a threshold value (TV) of 50 mg/l for groundwaters, that is the official
Maximum Admissible Concentration (MAC) for potable use in EU, and further considers the 75%
of this concentration value, i.e. 37.5 mg/l as the actual criterion upon which pollution is
documented. Hence, sustained concentration trends > 37.5 mg/l were looked for. Efforts in the
assessment of groundwater quality status, hence the key criterion to designate NVZs, were
concentrated in the plains, along the coastal fertile regions, along the Syrian border and the
basins in Anatolia. Overall, most regions suggested low impact by nitrates pollution.

Results (preliminary) and Discussion

In areas with increased use of synthetic fertilisers, problems with N pollution of water
resources were recorded. The quantities of applied inorganic nitrogen fertilisers varies
among provinces depending on crops, and local conditions (Fig. 1). Manure application to
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land is a common practice in many parts of Turkey and proper management is the key to
its efficient utilization as a nutrient resource.

Fig. 1 Provinces with a mean nitrogen application of inorganic fertilizers + manure >170 kg N/ha

Surface waters were classified into the following categories: rivers, lakes, transitional and
coastal. In addition, maps with mean nitrate concentration were compiled for surface waters at river
basin level (Fig. 2).

Mean NO;  content in surface monitoring stations in Turkey for the period 2008-2011 (N=919
stations) is 2.94 mg/1), while the respective content in groundwaters (N=711 stations) is 11.68 mg/l.
The areas which have been affected by nitrates were calculated. The percentage of Nitrates
Vulnerable Zones and the Potential Nitrates Vulnerable Zones for surface and groundwater bodies
(Fig. 3) is presented in Table 1.

Table 1 Areas affected by nitrates
- 2 2 2
Water bodies | NVZs % Area (km ) PNVZs % Area (km ) | Total area (km )

Surface 3.66 28.569 12.09 94.372 122.941
Ground 5.57 43.478 6.50 50.738 94.216
Total 9.23 72.047 18.59 145.110 217.157
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Compiled by Vakakis Consortium,2012
Fig.3  Map of NVZs and PNVZs atriver basin level (n=1630 stations)

Statistical analysis performed in 8,810 water samples (period 2008-2011), indicated that nitrates in
surface waters were higher than 15 mg/l in 16.4% of the monitoring stations. In groundwaters,
average content between 25 and 50 mg/l was recorded in 6.0 %, while higher than 50 mg/l was
observed in 3.6% of the stations. Mean values of nitrates in groundwaters higher than 50 mg/l were
observed in 5 provinces and those higher than 15 mg/l in surface waters were recorded in 13
provinces. Water quality has deteriorated in most of the inland water resources mainly due to the
lack of appropriate pollution control mechanisms, coupled with failure to enforce efficient
legislation (Baltaci et al., 2008). The distribution of nitrate content varies significantly among river
basins and this may be attributed to factors such as farming intensity, different fertilization and
irrigation practices, livestock density, hydrogeology, soil inclination, soil and climatic factors
(Karyotis et al., 2011).

To mitigate nitrates pollution in Turkey, a rational fertilization plan for the main crops in each
region is under preparation. The maximum allowable quantity of N fertilization takes into
consideration the following factors: N crops requirements, soil texture, mineralized nitrogen,
quantity of inorganic nitrogen in the root zone before sowing date, nitrates inputs from irrigation
waters, soil slope and nitrates leaching. The groundwater monitoring stations are relatively low and
rather evenly distributed over Turkey due to high variability of geomorphology, topography and
relief. In view of the relatively low density and uneven distribution of monitoring stations, and
taking into consideration its importance for the designation of NVZs, it is suggested once again the
increasing of monitoring stations in areas which are influenced greatly by agricultural practices.
The monitoring network is focused on large rivers and there are very few monitoring sites in small
rivers. The relatively low density and uneven distribution of monitoring stations for small rivers
and streams, taking into account the possibility that these surface waters may be affected by nitrates
from agricultural sources, requires a re consideration of the distribution of monitoring stations for
surface waters, especially in areas with intensively cultivated land. Sampling a larger number of
monitoring sites (wells, boreholes) and incorporating consistent field and analytical data would
make trend detection more feasible.

Conclusions

The level of nitrates content in waters in Turkey is in general lower in comparison to EU countries.
This may be attributed mainly to the fact that agriculture in Turkey is in general less intensified.
However, in certain provinces the pressure from N fertilization and livestock manure on water
quality is high. Improvements in the nitrates monitoring network, and the use of hydrogeological
knowledge and data, will assist MFAL to identify areas vulnerable and/or polluted by nitrates. It
must be underlined that new and more accurate fertilization plans for the main crops in Turkey will
assist authorities and public to mitigate the nitrates problem originated from agriculture. The
introduction of COGAPs and Action Plans will facilitate proper measures and policies to be applied
according to crops requirements and regional edapho-climatic conditions.
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With regard to fertilization use in Turkey, from the existing data it can be concluded the following:
- there is a general lower level of nitrogen use across the country in comparison to EU countries;

- fertilization is restricted mainly on arable land and does not cover the extent of the whole
agricultural land;

- no systematic handling of manure management is developed, hence once manure is placed on
site it is used regardless its usefulness at the particular period of the year.
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Abstract

In the setting of the waters purification, some molecules appear recalcitrant to the traditional
treatments. The exploitation of the properties of some catalysts permits to amplify the oxidization
performances with ultraviolet radiance and to damage this pollution by a non biological way. This
study was conducted to investigate the effect of a photocatalysis oxidation system for organic
pollutants treatment. Oxidative degradation of Tylosin by hydroxyl radicals (OH) was studied in
aqueous medium using suspended forms of ZnO and UV light. The results improve that the
treatment was affected by many factors such as flow of solution, initial pollutant concentration and
catalyst concentration. The reaction kinetics followed an apparent first-order reaction and the
removed ratio of Tylosin was 97 % in less than 60 minutes.

Keywords: TOA (Advanced Technique oxidization), oxidization, photocatalysis, ZnO, UV,
Tylosin,
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Abstract

In this study, the effects of different quality and quantity levels of irrigation water on crop yield,
soil water and solute transport simulated using SWAP model with shallow groundwater levels
condition. Six main crops of the Rudasht region of Esfahan in IRAN such as Wheat, Barley, Onion,
Sunflower and Sugar beet were selected. Field experiments were conducted with effect of saline
water with different irrigation managements on crop yield, crop yield components and soil salinity
at Research Station of Drainage and Soil Reclamation of Rudasht. By using measured parameters
for each crop such as meteorological data, irrigation event data, soil profile data, time series of
groundwater level, solute transport parameters of soil and time series of crop input parameters,
SWAP model that linked with PEST model, was calibrated by inverse modeling. Model calibration
was consisted of hydraulic parameters of soil layers, solute transport parameters, and finally crop
parameters and crop yield. The objective functions were to minimize the difference between
simulated and measured values of soil moisture, saturation extract of saline soil, crop yield and
biomass, respectively for each optimization. In order to evaluate SWAP model and its validity,
statistical indices such as coefficient of determination, root mean square error, modeling efficiency
and coefficient of residual mass were calculated. Result of model analysis showed that with precise
calibration, SWAP model is able to predict soil water and solute transport, water table balance and
crop yield with high degree of accuracy.

Keywords: crop yield, solute transport, production function, salinity, inverse modeling, SWAP
model

Introduction

One of the most crucial worldwide matters of irrigated agriculture is the soil and water salinity. In
most arid and semi-arid regions, water deficit makes the quality of water poorer. As for the
determination and analysis of different managements on brine irrigation, field tests have been
useful, while involving severe restrictions such as limited reliability of the tests in real conditions,
shortness of test duration for the determination of some parameters like salinity, and insufficiency
of the scenarios being surveyed in field tests(Russo et al., 1986). Simulating models can be
considered as a development of field tests to overcome these restrictions. The accuracy of these
models relies mainly on the accuracy of the input data and in case of fine calibration; they can be
employed to simulate various scenarios of irrigation management with no temporal or spatial
restrictions existing in field tests or being costly and time consuming (Mostafazadeh-fard et al.,
2009). SWAP, an agro-hydrologic model, is one of crop yield prediction models. This is a
comprehensive model for the study of the movement of water, salts and heat in saturated and
unsaturated soils comprised of a number of sub-models to simulate water flow and salts and heat
transfer in soil, evaporation from soil, plant transpiration, irrigation management and crop growth
and yield (Kroes and Van Dam, 2008). Many studies have been carried out to simulate and predict
the crop yield and generally they have brought about satisfying results in comparison with the field
tests. Bastiaansesen et al., (1996) employed SWAP to study the relationships of the quantity and
quality of irrigation water, relative yield and improvement of irrigation management in arid
regions. Droogers et al., (2000) also used SWAP to study the effects of qualitative and quantitative
changes of water on the soil salinity and cotton crop yield in Rudasht in Isfahan province of Iran.
Vazifedoust et al., (2008) made use of SWAP in water deficit conditions in order to increase water
productivity for wheat, sunflower, sorghum and sugar beet in Borkhar irrigation network in Isfahan
province of Iran. Having calibrated the model, he managed to optimize the water productivity by
altering irrigation depth and interval. This study aims to calibrate SWAP for regional crops, predict
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the crop yield under different irrigation water qualities and quantities, study the movement of water
and salts in the soil and set production functions for optimized irrigation scheduling. Six crops
including wheat, barley, cotton, sugar beet, onion and sunflower were considered to be the main
productions of Rudasht irrigation network in this study. Field tests were conducted on each of the
mentioned crops in Rudasht Research Center comprising the effects of different managements of
brine irrigation on crop yield, crop yield components and soil salinity. On the basis of the field
tests, SWAP was calibrated for each crop using reverse modeling method in different irrigation
water qualities and quantities. On this basis, each crop yield and salinity and moisture of the soil
profile was estimated using the model. The production-water-salinity functions were derived from
the calibrated model for irrigation scheduling.

Materials and Methods

Ruddasht drainage and land reclamation research center is situated in eastern Isfahan, at 52° E,
32.5° N and 1500 m altitude, having an arid climate with 120 mm mean annual precipitation. In
order to determine the effects of different managements of irrigation water salinity and volume on
crop yield and soil salinity and moisture, field tests were conducted in this research center. The
tests were done on wheat, barley, cotton, sugar beet, onion and sunflower as the main regional
products during several years. Tests on wheat were performed during 2005-2006, on sugar beet
during 2007, on onion during 2006-2007, and on cotton, barley and sunflower alternatively during
1996-1998 with together crop rotation. The following treatments were applied to the five crops of
wheat, barley, cotton, sugar beet and sunflower: three treatments of irrigation water quality Q;, Q,
and Qs (2, 8 and 12ds/m EC’s respectively), two treatments of leaching LR, and LR; (no leaching
and leaching according to 75% of crop yield), two treatments of irrigation management GU
(application of fresh water with 2 ds/m EC until the plant stability and then application of the three
mentioned salinities until the end of growing season) and GQ (application of different water
qualities during the whole growing season) in four repetitions as a full random block test. As for
onion, four levels of salinity (1.5, 3, 5 and 7 ds/m) and approximately invariable irrigation water
depth (65 mm each time) were applied. Table 1 shows the measured parameters for each of the
crops. The daily meteorological data for each crop was acquired from the Rudasht Climatologic
Station. For cotton, barley and sunflower, soil parameters were acquired from the samples taken
from the three depths of 0-20, 20-40 and 40-60 cm; for other crops it is 0-30, 30-60 and 60-90 cm.

Table 1. data measured or collection for each crop to simulating

Parameter Measurement Method No. of Samplings
Soil Texture USDA Method Once
Bulk Density of Soil Core Sampler Once
Hydraulic Conductivity in Saturated Soil Falling Head Method Once
Soil Water Content Weight Method Before Irrigation events
Saturated Extract Salinity EC Meter 3-7 times
PWP & FC Water Content Pressure Plates Once
Irrigation Water Volume (Depth) Volumetric Counter Gauge Each Irrigation
Plant Height Field Measurement 5-6 times
Leaf Area Index LAI Meter 5-6 times
Root Depth Field Measurement 5-6 times
SWAP simulating model

Movement of water in soil profile is modeled in SWAP based on the Richards Equation and solved by
the numerical method of Finite Differences considering definite initial and boundary conditions.

00 oh 0 oh

P mZ = km &+ |-s (M

at Wl )82 82[ ( )(aZ )} (2)

Where: 0; the soil water content (cm® cm™), Cy; soil water capacity (cm™), h; water head in soil (cm),
K; hydraulic conductivity (cm d™), S; water volume adsorbed by the root in unit volume of soil in unit
time (cm3 cm” s'l) and z; depth of soil (cm). The relationships between the soil water content, hydraulic
head and hydraulic coefficients in water content function and unsaturated hydraulic conductivity show
that these functions have to be determined in order to determine each layer of soil. Soil hydraulic
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functions are defined as the relationships among hydraulic conductivity (K), soil water content (8) and
soil water pressure head. In SWAP, the analytical functions presented by Van Genuchten (1980) are
used for the definition of the soil moisture characteristic curve and the capillary model of Mualem
(1976) for unsaturated water conductivity curve.

-0,
res

e(h) — 9 + sat rz_sl/n (2)
Where: 0,; ﬁﬁ&?‘ﬁ&gmre residue (cm3 cm'3), Oa; saturated moisture (cm3 cm'3), o (cm'l) and n;
empirical shape factors.

K(0)=K_S’ [1 —(1-sn )“’”“]2 3)
Where: K, is the hydraulic conductivity of saturated soil (cm d'l), Se= (0-0es)/ ( O5at-0res); relative

saturation and A is an empirical coefficient. To determine the transfer of salts in soil, the equation of salt
transfer in soil is used in SWAP; vertically and in saturated and unsaturated conditions:

O
a[g(DdierDdis)c}

A&+ Opp) 29, 1 @+ Opp) K, Se )

ot oz oz

Where c: solute concentration in soil water (gr cm™), py: soil bulk density (gr cm™), q: flux rate (cm day”
", Q: amount of salt adsorption on soil particle surface (gr gr'), p: the first order rate coefficient of
transformation (d'l), S: the root water extraction rate (d'l) and K;: the root uptake preference factor.
Freundlich nonlinear adsorption isotherm is used to determine the amount of solute adsorption on the
surface of soil particles. The initial concentration of salts in soil and average concentration of
groundwater are taken as the initial conditions while the irrigation and precipitation water concentration
is taken as the upstream boundary condition. Downstream boundary condition is defined based on the
flow direction and quantity. In order to study the decrease of adsorption as a result of water content
decrease and salinity increase, the proposed functions of Feddes (1978) and Mass and Hoffman (1977)
are used in SWAP, respectively. The multiplication theorem is employed to calculate the amount of real
adsorption by the root in model:

Sa (Z) =0'rdarwarso'rfsp(z) (5)

Where: S,(z) and S;(z) are the real flux and potential water adsorption rate by the root (em® cm™ S™), (-)
and oy (-),0w (<), 0 (-) and af (-) are reductive functions due to wet conditions (Oxygen deficit),
drought stress, salinity stress and frozen soil conditions, respectively. There exist two algorithms for
growth simulation. One is the simple algorithm of Doorenbos and Kassam (1979) and the other one can
simulate the plant growth using an advanced model of WOFOST. The merit of the second algorithm is
the simulation of real and potential biomass and also real and potential seed yield; while the simple one
can only simulate relative yield. In the advanced algorithm, biomass growth rate (Kg ha” d') is
determined by the calculation of gross assimilation of the green canopy (Apgoss) (Kg CO, ha' d) in
optimized condition. This function is exponential as below:

‘&‘hm: K&m@hg g&%@%@ﬁmmﬁ%m / léhtasaajration (Kg CO? ha'! d'l), gpar: the ir@[)al slope or
light use efficiency (Kg CO* J), PAR, ,: The rate of light absorption at depth L in the canopy (Jm™ d°
Y. Light consumption efficiency is an index for a biophysical process and also is a function of crop type
(C3 or C4) and temperature. Eq. 7 is utilized for modeling the biomass yield:

Y= CZGZ TT, (DA e (D) — Rm(t)j (7

(TTp'l) : a parameter to quantify gross real stabilization as a result of the stress for water logging,
salinity, dryness or freezing conditions, R,,; maintenance respiration rate of plant (Kg ha™ d™'), N: plant
growth length (d), C.: average partitioning factor for root, stem, seed and leaf (Kg Kg"). Total produced
biomass is partitioned among plant organs based on the partitioning factors. In order to evaluate the
model reliability, a number of model evaluation indexes were used. These indexes include the
coefficient of determination (Rz), root of mean square errors (RMSE), maximum error (ME), modeling
efficiency (EF) and coefficient of residual (CRM).
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SWAP linked to PESTmodel

In this research and in order for optimized parameter estimation, the WinPEST software was used which
optimizes the parameters by nonlinear regression method (Doherty et al., 1995). The model divisions
are parameter definition and recognition, observed data and eventually model run and parameter
evaluation. Unknown parameters were defined in a PEST Template File (PTF). The information such as
the number of parameters, observed data and the name of the required files were stored into a PEST
Control File (PCF). The addresses of the values of simulation parameters were stored into a PEST
Instruction File (PIF) which is linked to a PCF. The model was first run with preliminary estimation of
the parameters and was continued iteratively comparing the real data stored in PCF and the simulated
data stored in PIF.

Upper and lower boundaries

Meteorological data required for the upper boundary was stored as daily data of maximum and
minimum temperature, humidity, radiation, wind speed and precipitation into a file. The lower boundary
was the location of water table that the monthly time series of which were input into the model for each
crop. The water table was varying between 1.9 m to 2.9 m during the tests. The shallowest water table
happened in May and the deepest in August to September.

Optimization of soil hydraulic parameters

The number of soil profile layers was determined based on the soil texture. Soil profile was introduced
to the model in two or three layers up to 100 cm depth and the coefficients of soil hydraulic functions
(parameters of Eq.s 2 and 3) were input into the model. Amongst the parameters of the soil moisture
retention curve and unsaturated hydraulic conductivity, 0s; and K, were physically sensible and
measured. For A, 0., o and n, a preliminary estimate was made using transitional functions. Then, the
optimization method was employed in order for more precise evaluations. PEST Model was linked to
SWAP for optimization of the four mentioned parameters. The target function for the evaluation of the
parameters was defined to be minimizing the differences between the values of the simulated and
observed moistures (Eq. 8).

N 2
ming(0,b)=> w0, (2.,)0,.(2b.1, )] (8)
i=1

Where b (A, Oy, n, a): vector of unknowns, 0,5 (z,t;) : observed moisture in depth z and time t;, Oy, (2,
b, t;): simulated values using the vector of unknowns’ array, N: number of observations and w;: weight
factors of each observation. In the equation above, it was aimed to find a unique value for b in such a
way that the target function is minimized. Unknown parameters were optimized for each of the field
tests.

Optimization of solutes transport parameters

Zero concentration of precipitation salts was considered for the upper boundary condition and for the
initial condition, concentration of soil salts was considered as a function of soil profile depth in the
model. In SWAP, effective parameters on salt transfer in soil are mass flow or conduction, diffusion,
hydrodynamic dispersion, adsorption and degradation. The relationship between the concentration and
the adsorption of salts is evaluated based on Freundlich isotherm in SWAP. Optimized estimation of the
parameters of salt transfer was made in reverse solving method together with linking to PEST model.
These parameters were molecular diffusion factors (Dg;f), dispersivity (A) and the empirical factors of
Freundlich adsorption isotherm (Kg, ). The target function for the evaluation of salt transfer parameters
was defined to be minimizing the difference between the simulated and observed salinity of saturated
extract (Eq. 9).

ming(EC,,b) = iwi [EC, ,.(z.t)-EC, _ (z.b.t))] ©)

i=1
Where b (A, 04, Kq, B): vector of unknowns, EC. s (z,t;): soil salinity of the observed saturated extract
in depth z and time t; and EC. gy, (7, b, t;): simulated values using the vector of unknowns.

e—obs

Plant parameters

The advanced model of plant was preferred for crop yield simulation (except for cotton and onion). The
most basic input parameters are: time series of plant height, leaf area index, leaf specific area and
maximum amount of CO, assimilation rate as a function of development stages, decreasing factor of
CO, assimilation rate as a function of mean daily temperature and minimum daily temperature,
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partitioning of dry matter, maintenance respiration of organs, maximum rate of leaf area index increase,
total daily temperature from germination until flowering and from flowering until maturity, light
consumption efficiency, light absorption coefficient, soil suction amounts in terms of water adsorption
(parameters of Feddes function), salinity threshold and adsorption decrease gradient. The main plant
parameters were measured and input into the model. A part of these parameters was input into the
model based on previous studies and literature reviews including weight partitioning, maintenance
respiration, parameters of Feddes adsorption function, parameters of Mass and Hoffman adsorption
function and light absorption coefficient. The parameters whose values were reported as a range in
previous studies were reversely optimized together with linking to PEST. These include SLA, Ay.x and
epar for which the target functions were defined as:

mino(DM,b) = 3w [DM,, (6) - DM, b, 1,)] (10)

ming(S0,b) = Y w,[80,. () ~S0,,,(0,t,)] (11)

Where DM, and SO,ps: biomass and seed observed yield respectively, DMy, and SOg;y,: biomass and
seed simulated yield in day t of the crop growth length, N: number of measurements in crop growing
season and b(epar,SLA,A %) : vector of unknowns.

Results and Discussions

Calibration of SWAP model

To study its efficiency, SWAP was calibrated for each crop. Soil hydraulic parameters (A, 0, n, o) for
each crop in three depths were calibrated. Figure 1 shows the moisture observed and simulated data for
wheat and sugar beet in depths 0-30 and 60-90 cm. Having optimized the hydraulic parameters, the
simulated moisture data was in conformity with the observed data during the growth period. In
modeling, it was often seen that in the second layer of soil, simulated moisture data is evaluated lower
than the observed one. One reason can be texture change and error in the numerical solution of the
governing equation. Calibration went on with the parameters of solute transfer in soil for each crop.
Figure 2 shows the simulated and observed values of the salinity concentration in the saturated paste for
wheat and sugar beet during growth period. Complete conformity was achieved between the observed
and simulated values after parameter calibration. The last calibration belongs to plant parameters and
crop yields in such a way that the differences between simulated and observed yield were minimized.

Crop yield prediction

Comparison of model yields and field measured yields shows that there exists high correlation between
simulated and real data. Model validity statistics were more analogous in this research rather than
previous researches. One reason can be complete calibration of the model. In this research, all
parameters of the model containing soil hydraulic characteristics, solute transfer parameters and plant
parameters were calibrated and optimized using PEST model. In order for model assessment and
validity check, statistical indices of Rz, RMSE, ME, EF and CRM were determined. According to the
results, the least coefficient of correlation belongs to sunflower (0.877) while the most one belongs to
onion (0.982). Although the indexes of coefficient of determination, maximum error and modeling
efficiency are acceptable for wheat and sunflower, but higher RMSE’s have negative effects on the
simulation process. Negative CRM implies that the model evaluates the yield of barley, cotton and
sunflower often higher than real amounts while for wheat, sugar beet and onion, the yield is
underestimated. Modeling efficiency at all cases is more than 0.8 which means modeling validity.

Determination of Production-Water-Salinity

Functions In order to determine the production-water-salinity functions, a wide range of yield data
proportionate to salinity and irrigation depth is required. As a result of the insufficiency of field
observations to estimate these functions, calibrated SWAP was used to increase the functions accuracy.
Running the SWAP and for rapid alteration of salinity and irrigation depth, SWAP was linked to
SENSAN model. Production functions of the selected crops were set for different amounts of salinity
and irrigation depth. Mathematical models of 2nd order functions are presented in Eq.’s 12 to 16 for
wheat, barley, cotton, onion, sunflower and sugar beet respectively.

y =-1221.8+204.711 +246.09EC -1.2009 [* - 28.7EC* —3.301 x EC (12)
y=-1536.8+198.071 +110.4EC -1.2802 [* -14.141 EC* —1.0011 x EC (13)
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y=271.12+45.5131 +46.29EC-0.186351* -9.1356 EC* —0.055] x EC
y =39058 +1147 .41 —12046 EC -4.0132 I* + 618 . 4EC* —42.1211 x EC
y =458 .75 +43.941 —4.65EC -0.2257 1> —4.5EC* - 0.481 I x EC

y=-3706 + 8851 +834.36 EC -3.31971° -117.8EC* —4.0371 x EC

SOIL AND WATER POLLUTION

(14)
(15)
(16)

(17)

In the equations above, I and EC represent the depth (cm) and salinity (ds/m) of irrigation water,

respectively.
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Figure 1. Simulated and observed moisture data (cm’cm) for wheat and sugar beet (Treatment Q,LR;-GU)
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Figure 2. Simulated and observed soil salinity (mg cm-3) for wheat and sugar beet in different
depths of soil (for both crops, simulation results are shown for Q2LR1-GU)

Conclusion

Results have shown that simulating models can be employed as a helpful tool for prediction of
water and salt movement through soil profile and crop yield under various irrigation water qualities
and quantities. According to the results of this research, accuracy of SWAP depends mainly on the
accuracy of the input data and in case of complete calibration, it can be employed to simulate
various scenarios of irrigation management with no temporal or spatial restrictions existing in field

265



SOIL AND WATER POLLUTION

tests or being costly and time consuming. Production functions of the selected crops are the most
applied and useful consequences of this study which are used for the determination of optimum
irrigation depth for each crop, study of yield assessment indexes and the effects of salinity and
water deficit, irrigation management and scheduling under limited quality and quantity of water
and, finally, development of iso-yield curves (geometric place of different combinations of salinity
and depth of irrigation water) to determine the crop yields under different water qualities and
quantities.
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Effect of Different Degrees of Magnetized Water in Estimate of Some Soil Properties
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Abstract

Magnetized water is a metaphor, called the water which is passed through a magnetic field, or that is placed
inside or close to it for a period of time. The magnetized water increases the totals Quartet Tetra hydra group,
which makes it highly effective to dissolve (Colic et al 1998).Soil samples have been taken to be ready for
laboratory analysis, after crushed and sieved it by sieve 2 mm, then Designed a device for magnetizing water
sequence period to magnetide water for use it first to soil extracts and to estimate some chemical and physical
properties of these samples ( pH, EC, Ca™", Mg, Na', K" ) page etal., 1982, as well as for use of this water,
with a different degrees of Magnetizing, and in specified quantities to be added into Anvils contain clay soil
and receive the filtrate from this Anvils that have periods of sequential filtering, to do the analyzes mentioned
above.The results showed that the lowest value for PH is 6.5 at water magnetized for a period 20 minutes,
these value at 15 minutes from the times of the filtrate, and the highest value of PH was 8.08 at water
magnetized for a period of 10 minutes and is these value at 60 minutes from the times of the filtrate.Ec, Na
was the lowest value is 30 mg. kg ', 1.6 ds . m ' respectively at the same time of filtrate and the
magnetization degree (magnetic water for 30 minutes and filtrated time at 60 minutes) While the highest
value of EC, Na was 100 mg . kg ', 10.9 ds.m” respectively at the same time of filtrate and the
magnetization degree ( magnetic water for 20 minutes filtrated time at 5 minutes).

Keywords Magnetized water, Soil extracts, Soil properties,

Introduction

Magnetized water is called for the water is passed through a magnetic field or a magnet that is
placed inside or close to it for a period of time. The magnetized water increases the Tetra hedral
group, which makes it highly effective for the melt, Water molecule is composed of oxygen atoms
and tow hydrogen atoms, hydrogen atoms in the molecule attracts water with a single oxygen
atoms in other molecules of water by Hydrogen-Bond. In general, in the water molecule there are
partial oxygen atom and two atoms of hydrogen linked in isosceles triangle, and it is upper degrees
105.03 , so the molecule shape of the water as shown as:

This strong and very intensive magnetic field generated by a magnet tool made a change in water
properties as the affect the hydrogen bonds in liquid water, which is heavily influenced by
magnetic and electric field, leading to a change in the water properties, whether physical or
chemical, causing an increase in the mobility of atoms of salts and therefore the hydrogen bonds
will breakdown and adjust the properties of water and make it more capable of Dissolving

Materials and Methods

First:

1 - Soil sample has been obtaining in depth 20 cm for laboratory analysis in 2 mm diameter sieve.
2 - Soil extracts were prepared using a 1:2 water and different magnetic degrees.

1 -The first was extracted using distilled water.

2 - The second extracted using magnetized water for 5 minutes.
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3 -The third extracted by using magnetized water for 10 minutes.
4 - The fourth extracted using of magnetized water for 20 minutes.
5 - Fifth extract was used magnetized water for 30 minutes.

The study adopted on a specific mechanism to magnetization the water which has been prepared by
the researcher, which consists of:

1 — Water Pam to raise water.

2 -glass basin to collect water magnetic.

3 - Tow electrical pole in 25 per Chaos.

4 - plastic tubes.

Table 1. Specification of pole used in the experiments

Magnetic DC which | Diameter a . Length of the
. . Resistance . Number of
flux density |passes the pole wire wire coilin coil furns No
(Gus.) (ampere) (mm) & (m)
25 1.9 30 540 10 1100 1
25 1.9 30 540 10 1100 2
Second

1 - Soils have been placed on four pots (4 kg) and the height of the soil column was 30 cm.
2 - Water was added 200 ml above the field capacity for all samples were as follows:-

a - The first pot added a distilled water.

b - The second pot added magnetized water in 10 minutes.
¢ - The third pot added magnetized water for 20 minutes.
d - Fourth pot added magnetized water for 30 minutes.

3 - after the soil being in saturation point, will get the infiltrate water leaky from the bottom of pots,
then we collected it in plastic containers and in synthesis during the following periods, (5, 15, 30,
45, 60 minutes) of each period separately to made the laboratory analyses for it including:

1 - PH using (PH Meter)
2-EC

3 - Na using a Flamephotometer
4 - K using a Flamephotometer

Results and Discussion

First: Table (2) the results of laboratory analysis for the physical and chemical characteristics of
soils, the soil texture was clayey, which made a difficulty in obtaining large quantities of infiltrated
water in close times, and Table (3) results of the analysis of soil extracts by using a 1:2 water and
different time for magnetic water.
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Table (2): Some physical and chemical characteristics of soil study

No analyses unit

1 Calcium carbonate gm. kg ! 240

2 Organic matter gm. Kg 19.0
3 Sans gm. Kg! 233

4 | Silt gm. Kg! 350

5 Clay gm. Kg! 417

6 Tecsture Clay -

7 Field capacity % 18.75
8 available Potassium mgkg ™' 200

9 available phosphorus mgkg ™' 9.28

Table 3. Some physical and chemical characteristics of soil extracts with five magnetized degrees

Time EC Ca+2 MgJr2 Na+1 KJrl
No PH -1 -1 -1 -1 -1

(Sec) dS.m Meq.L Meq . L mg.kg mg.kg

1 0 7.71 0.37 1.4 0.2 7 7

2 5 7.6 0.78 24 0.4 19 11

3 10 7.75 0.65 5 2.4 16 9

4 20 8.07 0.74 3 0.4 18 10

5 30 8.08 0.69 4.6 0.2 17 11

Second: it should be noted here that the concentrations of the samples were obtained studied in two
forms, according to the relationship between the magnetization and the elements concentration for
five periods of the nomination, and the second case of the relationship between periods of filtration
and the elements concentration for four degrees of magnetization of water.

1 — pH: The results of laboratory analysis of water showed that less value is (6.5) when the water
magnetized for 20 minutes and is located at 15 minutes from the time of the filtrate, while the
maximum value is (8.08) when the water magnetized for 10 minutes and is located at 60 minutes
from the time of extracted, fig. (1). In implementing the graph and make the times of extract on the
X-axis and compared it with the values obtained by the graph of the water Representative
magnetized for a period of 20 minutes will be mixed in the highs and lows of any volatile, as for
the highest value, the graph representing the water magnetized for a period of 10 minutes begins to
rise gradually until up to a higher value (8.08) form (2).

8.5 4

g4
8.5 7
751 ——5 8 - ——0
71 = 7.5 +;g
Z —A—30
6.5 - 45 T 7 —m— 30
6+ —%— 60 6.5 1
6
5.5
5.5 1
> 5

! 2 3 4 1 2 3 4 5
degree of water magnetized infiltrate period

Fig. (1) Effect of magnetize water degrees on Fig. (2) Effect of periods of filtration on PH
the PH values in the different periods of the values at different magnetic degrees

infiltration
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2 - Electrical conductivity (Ec): In the first case noted that the lowest value was 1.6 dS . L ' at
water magnetized for 30 minutes and is located at 60 minutes from the time of the water filtrate,
while the maximum value is 10.9 dS . L ™' at water magnetized for 20 minutes located at 5 minutes
from the time of the water filtrate, and there are a convergence of values of electrical conductivity
at a degree of 20 to magnetize periods for water filtrate (15, 30.45, 60) as in Fig. (3).

When makes the times of filtrate on the X-axis, the graph representing the water magnetized for a
period of 30 minutes begins to plunge so deeply up to 30 minutes from the time of the filtrate and
then returns to rise gradually and then return to his decline at the point of 45 minutes and will
decrease untill 60 minutes of time water filtrate . As can be seen that the values of electrical
conductivity less for all periods of magnetization and are very close when the amount 60 of the
filtrate and this shows that there is a washing large salts per periods of magnetization, especially for
the magnetization 20 and 30 occurred in periods of filtration developed 15 to 30 minutes, as shown
in Fig.(4).

12 12 ~

10 /o/\‘ S 10 1
] g4 MY g ——0
E E —=— 10
5 6 —A— 30 ~ 44
2 n —A—20

4] ——45 o

0 4 —=—30
2 1 )]
0 0
0 2 3 4 1 2 3 4 5
degree of water magnetized infiltrate period

Fig. (3) Effect of magnetize water degrees on the Ec  Fig. (4) Effect of periods of filtration on Ec
values in the different periods of the infiltration values at different magnetic degrees

3 - Concentration of Sodium ions: The lower value was 30 mg. Kg "in the water magnetized for
30 minutes and is located at 60 minutes from the time of filtrate. The highest value was 100 mg. Kg
! at the water magnetized for 20 minutes and is located at 5 of the times of filtrate and when we
make the times of magnetization on the X-axis (5). then when we change the case and makes the
times of filtrate on the X-axis and compared it with values obtained by the graph represented by
water magnetized for a period of 30 minutes will be a decline of average even up to 30 minutes
from the time of filtrate and then settle down gradient to be up to 60 minutes from the time of
filtrate, the form (6).
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90 100
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Fig.(5) Effect of magnetize water degrees Fig. (6) Effect of filtration periods on Na
on Na values at different periods of the infiltration values at different magnetic degrees
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4 - Concentration of Potassium ions: the lowest values was14 mg. Kg -1 at the water magnetized
for 20 minutes which is located at 60 minutes from the time of filtrate while the highest value was
36 mg. Kg -1 in distilled water which is located at 5 minutes from the times of filtrate and notes of
the fig.(7) that the concentration of potassium in general be less as possible when the degree of
magnetization 20 for all periods of filtration. When drawing the relationship and make the times of
filtrate on the X-axis, the graphs representing the times of magnetization be a sharp decline with
the increase in the infiltration period, with the observation that water magnetized for a period of 20
minutes recorded the highest value when the infiltration period for 45 minutes as shown in Fig. (8).
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Fig.(7) Effect of magnetize water degrees on K Fig. (8) Effect of filtration periods on K
values at different periods of the infiltration values at different magnetic degrees

5 - Concentration of Calcium ions: Figure (9) showed that the lower value is 25 meq / L at the
distilled water and located at the point 60 minutes from the times of filtrate, while the highest value
is 90 meq / L at 10 minutes from the times of magnetization which is located at 5 minutes from the
times of filtrate, and notes here that the degree of magnetization, and the magnetic degree (10)
clearly effect on the readings and all stages of the infiltration. in other case fig (10) noting that
there is a convergence of the slopes for the curves down to the time of filtrate 60 minutes except for
the curve on the magnetize period 10

100 - 100 -

90 4 ‘/’/‘\’_/—0 90 -
80 1 30
3 /\.———/4 i o ;
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degree of water magnetized
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Fig.(9) Effect of magnetize water degrees on Ca  Fig. (10) Effect of filtration periods on K
values at different periods of the infiltration values at different magnetic degrees

6- Concentration of Magnesium ions: the lowest value was 20 meq / L at the water magnetized
for 10 minutes and located at the point 60 minutes from the times of filtrate, while the highest value
was 58 meq / L at the water magnetized for 20 minutes and is located at 5 minutes of times of
filtrate. It was noted that there is convergence in the concentrations of magnesium at
magnetization degree 30 for all periods of filtrate fig.(11). When the opposite relationship as the
second case and make the times of filtrate on the X-axis will the curves generaly will go down
with increase in the infiltration period with relatively high in curves values on magnetic water at 30
minutes Fig.(12).
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Abstract

Chemically enhanced phytoremediation has been proven to be effective criteria for removing heavy metals
from contaminated soils through use of high biomass plants. The objective of this study was to study the
influence of different ethylenediamine tetraacetate (EDTA), nitrilotriacetic acid (NTA) and oxalic acid
(HOx) concentrations on lead accumulation capacity of carrot (Daucus carrota). The results indicated that
EDTA was more effective than NTA and HOx in solublizing soil Pb. The highest Pb content in shoots
(342.2+13.9 mg kg™ and taproots (301+15.5 mg kg) was occurred in 10 mM EDTA, while it occurs for
capillary roots (1620+24.6 mg kg™') in 5 mM HOx, when soil Pb concentration was 800 mg kg'. The high
obtained phytoextraction and phytostabilization potentials were 1208 (£25.6) and 11.75 (+0.32) g Pb ha yr’!
in 10 mmol EDTA kg soil and no chelate treatments, respectively. It may be concluded that chelates
application increases Pb uptake by carrot. Consequently, this plant can be introduced as a hyperaccumulator
to phytoextract and phytostabilize Pb from contaminated soils.

Keywords: FEthylenediamine tetraacetate (EDTA), Nitrilotriacetic acid (NTA), Oxalic acid (HOx),
Phytoextraction potentials, Phytostabilization potentials.

Introduction

Lead (Pb) is one of the most widespread contaminants in soil that generally concentrates in
topsoils. This heavy metal is a nonessential element in metabolic process and may be toxic to
organisms even when absorbed in small amounts. Phytoextraction and phytostabilization are two
types of phytoremediation technology that involves removing heavy metals from contaminated
soils by hyperaccumulator plants. For phytoextraction to be a feasible remediation tool, plants
should be able to both absorb and translocate large amounts of heavy metals into aboveground
tissues and have high biomass and profuse root system (Alkorta et al. 2004a). Phytostabilization
uses certain species to immobilize contaminants, through absorption and accumulation by roots,
adsorption in roots or precipitation within the root zone (Prabha and Li 2007).

High affinity of soil constituents for heavy metals and very low solubility of their minerals
decrease efficiency of phytoremediation process. To enhance these limitations, application of
chelating agents has been proposed. In the many pot experiments described in the literatures the
effect of EDTA has ranged from no significant to over 100-fold enhanced accumulation (Greman et
al. 2001). The wide variation has been due to the metal species, the metal concentration in the soil,
soil properties and the amount of EDTA applied (Evangelou et al. 2007). Huang et al. (1997)
showed that EDTA enhances desorption of Pb from soil and subsequently increases the Pb
concentration in soil solution. Although synthetic chelates (EDTA) have shown positive effects on
the enhancement of metals phytoextraction from contaminated soils, their application can also be
harmful. Because most of synthetic Aminopolycarboxylic acids (APCAs) are non-selective in
extracting metals (Barona et al. 2001), have low biodegradability and could decrease plant growth
even at low concentrations (Chen and Cutright 2001). Recently, natural APCAs such as NTA have
been proposed as an alternative for EDTA. NTA, as a biodegradable chelating agent, forms strong
complexes with metals (Quartacci et al. 2005). In spite of its expected positive properties, few
studies have been performed with NTA as a ligand to assist phytoextraction of metals. Several
experiments using natural low molecular weight organic acids (NLMWOA) have also been
performed. Of these compounds, citric acid, oxalic acid and malic acid, because of their
complexing properties, play a significant role in metal solubility (Nigam et al. 2001). So far, most
studies on Pb in plants have been concerned with its effects on plant growth, accumulation and
phytotoxicity (Liu et al. 2008). Chelates can not only desorbs heavy metals from the soil matrix
into soil solution, but can enhance the bioavailability of Pb for translocation to the plant. So, the
current study was conducted to determine whether application of different concentration of EDTA,
NTA and oxalic acid can enhance the solubility of Pb and make it more bioavailable for root
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uptake. Also we wanted to assess the efficacy of kind and rate of chelates in facilitating Pb sorption
by capillary roots and its translocation into taproot and shoot of carrot (Daucus carrota).

Materials and Methods

Soil collection and treatments

Soil sample was collected (upper 0-30 cm) from an agricultural field in the west of Tehran, Iran.
The sample was sieved through a 5 mm sieve and air-dried for 4 days. The experimental soils were
artificially contaminated with 0, 100, 200, 300, 500 and 800 mg Pb kg’ as Pb(NOs),. Each
treatment of Pb contaminated soil (17 kg) was placed in a lysimeter (25cm diameterx30cm height)
with three replications. The experimental soils were fertilize and equilibrated for 9 weeks,
undergoing 9 cycles of saturation with non saline water (EC: 0.3 dS m™) and air drying processes.
Some physical and chemical properties of the soil were measured by standard methods (Table 1).
The total Pb concentration in the soil was measured using acid digestion (1:1 concentrated HNO;
and deionized water (v/v), H,O, 30% and concentrated HCI) (Gupta, 2000).

Table 1. Some physical and chemical properties of the experimental soils
Clay Silt Sand pH CEC(cmol kg- EC (dSm™ Total Pb (mg kg’
() () ()  (HO) D ) :
12.2 21.1 66.7 7.65 0.42 14.3 0.81 10.5
Values are the mean of three replicates
Seeds sowing and cultivating condition
Carrot (D. carrota) was used due to its high biomass production (~ 20 t ha™) and profuse root
system. In addition, it has exhibited strong transpiration rates. Ten carrot seeds were planted in
each lysimeter. After germination, seedlings were thinned to five plants per lysimeter and grown
for five months. The experiment was carried out in a greenhouse under controlled conditions. On
the 140™ day after sowing, EDTA (as Na,EDTA salt), NTA (as H;NTA salt) and Oxalic acid were
applied as solution to the soil surface at rates of 0 (no chelate), 2.5, 5 and 10 mmol chelate per kg
soil. Each treatment was replicated three times and was in a completely randomized block design.

0C(%)

The examination method of Pb in soil and different parts of plants

In order to study the effect of chelates on Pb concentration in the soil solution, 5.0 g of air-dried
contaminated soil (<2 mm) were placed in a 125 mL Erlenmeyer flask. Then, 25 mL 0.01 M CaCl,
extracting solution was added. After that, the suspension was shaken for 120 minutes at 120 rpm.
At the end of time period, the suspension was centrifuged and filtered through a Whatman No. 42
filter paper. Pb contents in soil solution were analyzed using induce coupled plasma-optical
emission spectrometry (ICP-OES).

Ten days after chelate application, plants were harvested by cutting the shoots exactly at the
swelling formed in the taproot to shoot junction. Shoots, taproots and capillary roots were then
washed thoroughly with 0.01 M HCI and deionized water to remove soil particles. The dry mass of
plant tissues sample (shoot, taproot and capillary roots) was gravimetrically determined after
heating at 70°C in a drying oven. The plant tissues were individually grounded in a ball mill,
digested in a mixture of HNO;, HC1O4 and H,SO4 (40:4:1, by volume) and filter through Whatman
No. 42 filter paper (Gupta 2000). Pb content in the shoot, taproot and capillary roots was measured
using ICP-OES. The absorbed Pb was expressed as mg kg™ of dry weight.

The calculation method and equations of phytoremediation capability

The success of phytoextraction or phytostabilization process not only depends on the metal
concentration in plant tissues, but also on sufficient biomass production. Carrot involved additional
phytoremediation ability due to the phytostabilization mechanism which considering increases the
capability of this plant in the decontamination Pb from soil. Therefore, the phytoremediation
potential was calculated based on both equations as follows (Doumet et al. 2008):

X
PP 1 Y[Shoot+T{/pmm 1 } C[Capi[laryr oots | x Y[Capfllmyr oots | }

_ C[S/xaul+Tapram
[Shoot +Taproot | —

1000

PP i =
[Capillaryr oots ] 1 000
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where PP, ) 1s the phytoextraction potential (kg ha™), C, ,the shoot and taproot

Shoot +Taproot Shoot +Taproot

metal concentration (mg kg’ dw.) and Y, jthe annual shoot and taproot biomass

Shoot+Taproot

productivity (t d.w. ha” yr"), PP, , the phytostabilization potential (kg ha™), C

Capillaryroots [Capillaryroots ]

the capillary roots metal concentration (mg kg™ d.w.) and Y, the capillary roots biomass

] and PP[

Pb extracted and stabilized by harvestable parts (shoots and taproots) and capillary roots of carrot
from the soil during one growth season. Statistical analyses were performed using the SAS
statistical package (version 8.2). All values reported here are the means of three replications.

Capillaryroots ]

productivity (¢ d.w. ha” yr"). The PP » therefore, reflect the amount of

[Shoot +Taproot Capillaryroots

Results and Discussion

Effects of chelates application on solubility of Pb

To study the post-harvest effects of chelating agents on soluble Pb in soil, the concentration of
water-soluble Pb at the time of harvest was measured. The results indicated that both EDTA and
NTA were effective in solubilising Pb in the soil. The highest concentration of soluble Pb fraction
was obtained for EDTA and NTA applications, respectively, while for HOx and no chelate, the
differences among treatments were not significant in most cases (Figure 1). Application of EDTA,
NTA and HOx at 10 mmol kg for 10 days and at level 800 mg Pb kg™ of soil produced 671, 342
and 2.5 mg kg of soluble Pb in soil, respectively. Thus, EDTA at its highest concentration
solublised as much as 82% of total Pb content which is equal to a 463-fold increase in soluble Pb
concentration compared to the no chelate treatment). The addition of 10 mmol NTA kg™ of soil
resulted in a significantly lower increase (a 236-fold increase) of soluble Pb concentration
compared to 10 mmol EDTA kg™, in the 800 mg Pb kg™ of soil (Figure 1c). The application of 2.5
and 5 mmol EDTA kg at the highest soils Pb concentration produced 506 and 632 mg kg™ of
soluble Pb in soil, respectively, which were 348 and 436 times higher than the amounts obtained in
the no chelate. The addition of 2.5 and 5 mmol NTA kg™ led to 113 and 170 mg kg™ increase in
soluble Pb content (Figure 1 a,b).
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Figure 1. Change in the soluble Pb concentration in soil treated with EDTA, NTA and HOx with
concentrations of 2.5 (a), 5 (b) and 10 (¢c) mM

The application of Pb to the soil has not significantly effect on soluble Pb concentration in the soil
if the chelate was not applied, which confirms the generally low availability of Pb in the soil.
Results of this study indicated that HOx and NTA were less effective than EDTA for mobilization
of soil Pb. This fact can be due to the higher tendency of Pb to form Pb-EDTA complexes (log Kp.
epra=18.3) rather than Pb-NTA complexes (log Kp,.nta=12.27) (Sillen and Martell 1964). Also, the
fast rate of HOx and NTA biodegradation may be considered as a major factor determining the
differences in soluble Pb concentration. This finding is supported by many researches. Luo et al.
(2005) reported that the addition of EDTA at 5 mM concentration for 2 days, significantly
increased conc