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ICARDA's Role in Agricultural Development of the Middle East
Region: Issues, Challenges, and Research Strategies

John Ryanl

1 - International Center for Agricultural Research in the Dry Areas (ICARDA), Syria

(ryanjohn1944@gmail.com)
The author will present a broad overview of the global international agricultural research

centers under the auspices of the Consultative Group on International Agricultural Research
(CGIAR), highlighting the background to their establishment, mission, achievements, and
evolution, and challenges to their survival. This sets the scene to a brief description of the
International Center for Agricultural in the Dry Regions (ICARDA), which is relevant to the Middle
East. Topics highlighted include research for development programs, interactions with the
various national programs in their mandate countries, and funding base. Emphasis will be given
to cereals, food and forage legumes, small ruminants, natural resources management, and
socioeconomic issues.


ryanjohn1944@gmail.com
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Modelling and analysis of soil-moisture processes in the
subsurface: the influence of evaporation and salt precipitation in
groundwater

Rainer Helmig!l, Thomas Fetzer!, Katharina Heckl, and Kilian Weishaupt!

1 - Department of Hydromechanics and Modelling of Hydrosystems Institute for Modelling Hydraulic and
Environmental Systems, University of Stuttgart, Germany (Rainer.Helmig@iws.uni-stuttgart.de)

Soil-moisture processes in the subsurface play a crucial role in the hydrological cycle and the
groundwater budget. This zone is subject to both natural and human-induced disturbances,
resulting in continually changing soil structure and hydraulic and mechanical properties. The
mass- and heat-flux processes across the land/atmosphere interface controlled by the dynamic
interaction between the atmospheric boundary layer and the land surface in conjunction with
the natural and induced heterogeneities control the spatial and temporal distribution of soil
moisture in this shallow and complex zone of the subsurface. Understanding soil-moisture
conditions in this zone is of interest in various applications in hydrology, such as land-
atmospheric interaction, soil evaporation and evapo-transpiration, climate modelling as well as
emerging problems in assessing the risk of, for example, the leakage of carbon dioxide or
methane from deep geological formations to the shallow subsurface that affects groundwater
quality and vegetation. In this lecture, we will explain the relevant processes of mass,
momentum and energy transfer at the interface between a free-flow and a porous-media
system and provide a new coupling concept for modelling coupled porous-medium and free
flow with application to evaporation and salt-precipitation processes. A comparison study will
show the advantages and disadvantages in comparison with classical approaches.

AR


Rainer.Helmig@iws.uni-stuttgart.de
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Ben-Noah, I., and Friedman, S.P. 2018. Review and evaluation of root respiration and of natural
and agricultural processes of soil aeration. Vadose Zone J., d0i:10.2136/vzj2017.06.0119.
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Effects of root exudates on nutrient transport in the rhizosphere

Harel Bavlil and Nimrod Schwartz?

1 - Department of Soil and Water Sciences, The Robert H. Smith Faculty of Agriculture, Food and
Environment, The Hebrew University of Jerusalem, Rehovot, 7610001, Israel (harel.bavli@mail.huji.ac.il)

Root exudates are organic compounds exuded by the plant root. They found to shape the
properties of the rhizosphere (the soil in close vicinity to the root) for example by providing
defense against pathogens, maintaining stability during drying/wetting cycles, change the
chemical composition of the soil, impact the hydraulic properties of the rhizosphere and more.
Due to the relation between flow and transport properties, we suggest that root exudates will
also affect nutrient transport properties.

To examine the influence of exudates on nutrient transport, we measured the distribution of
chemical components in the rhizosphere of wheat grown in sandy soil. We used scanning
electron microscope (SEM) equipped with energy-dispersive X-ray spectroscopy detector (EDS)
to get high-resolution images of the concertation distribution. Our results show high
concertation of carbon near the root, possibly related to the presence of exudates. In addition, a
potassium gradient toward the root, with the lowest concentration at the root-soil interface was
also observed.

To examine the interactions between root exudates and the soil, we used Soil batch experiment
with synthetic root exudates. We show that in sandy soil, multiple elements were released into
the fluid phase, while in the clayey soil, calcium and phosphorous were the two primary
elements released. We suggest that those elements were released due to several chemical
mechanisms affected by pH change, increase organic content and cation exchange.

Currently, we examine the influence of exudates on reactive transport properties of soil using a
breakthrough flow experiments. The results of this study will allow us to gain an understanding
of the impact of root processes on nutrient transport in the rhizosphere.
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Composted biosolids and treated wastewater as sources of
pharmaceuticals for plant uptake in the agro-environment

Evyatar Ben-Mordechay'?, Jorge Tarchitzky!, Yona Chen!, Moshe Shenkerl,
and Benny Chefetz12

1 - Department of Soil and Water Sciences, the Robert H. Smith Faculty of Agriculture, Food and
Environment, the Hebrew University of Jerusalem, Rehovot, Israel (Evyatar.mordechay@mail.huji.ac.il)
2 - The Hebrew University Center of Excellence in Agriculture and Environmental Health, Jerusalem, Israel

Treated wastewater (TWW) and biosolids introduce pharmaceutical compounds (PhCs) into the
agroecosystem. Once in the field, several processes can affect their fate, among them are
physical, biological and chemical processes leading to degradation, transformation or
preservation within the soil environment. PhCs may also be taken-up by plants and be
introduced into the food-chain. In this study, tomato, wheat, and lettuce were grown in
lysimeters containing three soils. Crops were grown in soils amended with/without biosolids and
irrigated with TWW or fresh water. At the end of the growing season, plant and soils samples
were taken and analyzed for different PhCs and metabolites.

Of the studied PhCs, carbamazepine was the only compound detected in both TWW and
biosolids and in all plant parts. In plants grown in soils irrigated with TWW, concentrations were
higher as compared to plants grown in the same soils amended with biosolids. This was not
surprising since the amount of carbamazepine introduced to the soil via TWW was significantly
higher than with biosolids. Calculated bioconcentration factors (C in plant / C in soil) were
significantly lower for biosolids application as compared to TWW irrigation, probably due to an
increase in the adsorptive properties of the amended soils. As for the combined application
(TWW irrigation and biosolids application) a decrease in the bioavailability was observed in the
last growing season, probably as a result of decomposition of the biosolids in the soil. In addition
to carbamazepine, its metabolites were detected in notable concentrations in the different plant
parts.

In this study, biosolids and TWW were used as sources for PhCs for plants grown under field
conditions. It was found that while TWW is source for PhCs, biosolids can act as both sink and
source. In addition, we have shown the importance of in-plant metabolism of the total uptake.
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Modeling biogeochemical processes in soil aquifer treatment
under dynamic hydraulic conditions

Shany Ben-Moshe! and Alex Furman1

1 - Civil and Environmental Engineering, Technion-Israel Institute of Technology,

Haifa (benmoshe.shany@gmail.com)

Each year, around 120 million m3 of wastewater are reclaimed in the SHAFDAN site. The
SHAFDAN'’s Soil Aquifer Treatment system (SAT), which is based on treated wastewater
infiltration through infiltration ponds and into the aquifer, serves as a tertiary treatment. In the
process of water infiltration through the vadose zone, the vadose zone serves as a natural filter,
degradation of organic matter occurs due to bacterial activity and redox reactions such as
nitrification and denitrification take place. The incorporation of SAT system into the water
treatment process in the SHAFDAN enables the production of high quality water, suitable for
unlimited irrigation. This leads to better water resource management and is a crucial part of the
effort to preserve agriculture. To date, around 70% of the Negev region agriculture is based on
the SHAFDAN'’s reclaimed water. Alongside their many advantages, SAT systems are highly
susceptible to clogging events caused by the increasing loads of wastewater entering the
infiltration ponds. To assure long term sustainability of existing SAT sites, a deep understanding
of the nature of vadose zone wastewater flow and fate is needed.

This research will focus on the construction of a model, aiming to describe quantitatively the
main hydraulic and bio- chemical processes in the vadose zone during water infiltration. Our
main goals include finding the optimal operation conditions for the SHAFDAN’s SAT system in
terms of flooding and drying periods, flooding time and infiltration rate as well as phrase some
conclusions referring to the operation of SAT systems in general. The model will integrate the
basic unsaturated water flow and solute transport equations (Richards’ equation, advection —
dispersion equation) with the main chemical and biological processes and conditions in the
vadose zone during water infiltration, emphasizing oxygen consumption, nitrification, de-
nitrification, organic matter degradation and metal oxidation / reduction (mainly Fe and Mn).
The construction of the model will include, in addition to the model development, a phase
dedicated to parameter adjustments and calibration using previous available data as well as lab
experiments that will be planned and conducted according to need.

To conclude, the successes of this project will lead to optimal operation of the SHAFDAN’s SAT
system, namely, achieving maximal effluent flux while maintaining the highest possible water
quality.
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Nutritional effects on plant development and gradients of
therapeutic secondary-metabolites in medical cannabis

Nirit Bernstein! Jonathan Gorelick? and Sraya Koch!

1 - Institute of soil Water and environmental Sci, Volcani Center (Nirit@agri.gov.il)
2 - Judea Center, R&D Judea, Samaria and Jordan Valley

Of the many medicinal plants with therapeutic potential, Cannabis sativa is, by far, the most
promising in the near future for large-scale utilization. However, the inherent chemical
variability of the plant pharmaceuticals secondary-metabolites must be addressed, before
cannabis can be optimally incorporated into modern medical practices. This chemical variability
can only be controlled and potentially optimized if the underlying regulation mechanisms of the
production of the therapeutic compounds are adequately understood. Many of the medically
useful compounds produced by plants are the result of the plant response to the cultivation
conditions. Although not completely clear, there is a significant body of evidence suggesting a
similar role for cannabinoids. Cannabinoids are implicated in a range of biotic and abiotic
stresses, including nutrient and water stress. There is a lack of information in the literature
about effects of mineral nutrition on plant development and contents of active ingredients in
medical cannabis. In the talk | will discuss our recent results demonstrating chemical and
physiological gradients in the medical cannabis plant, and the potential for their regulation by
mineral nutrition and a range of physical and chemical elicitors. Organic and inorganic
fertigation strategies, and a selective chemical and physical elicitors affects gradients of the
therapeutic secondary metabolites in the Cannabis sativa plant, as well as the accumulation
profiles of mineral nutrients.
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Long-term uptake of phenol-water vapor follows similar sigmoid
Kinetics on prehydrated clay- and organic matter-rich sorbents

Mikhail Borisoverl, Nadezhda Bukhanovsky! and Marcos Lado?

1 - Institute of Soil, Water and Environmental Sciences, The Volcani Center, ARO, Israel

(vwmichel@volcani.agri.gov.il)

2 - Faculty of Sciences, University of A Coruna, Spain

Interactions of water-organic vapors with soils, involving sorption and possible chemical
transformations of organic compounds, are of great significance in various agricultural,
environmental, and engineering processes. In this work, the focus was on long-term kinetics of
phenol-water vapor uptake on prehydrated sorbents including a clay-rich (42%) and organic
carbon-poor (0.6%) soil and organic matter (OM)-rich sorbents. Vapor uptake caused by
introducing phenol into a system followed a sigmoid kinetics (Figure), with the rate constants
practically not depending on sorbent nature, relative humidity (RH) of the atmosphere and
phenol activity. The sigmoid kinetics typical for second-order autocatalytic reactions is
associated most probably with abiotic oxidative coupling/polymerization of phenol which makes
a significant portion of sorbed phenol resistant to extraction.

Phenol transformations may be initiated by oxygen adsorbed on clays and free radicals present
in OM. Phenol interactions both with clay- and OM-rich sorbents may induce also an additional
water uptake. This effect was specifically distinct on clay soil and may have important
implications for effects of retained organic compounds (and, in particular, the phenol-like ones)
on clay (soil)-water interactions. The delayed development of the sigmoid kinetics demonstrates
that long-run abiotic interactions of water-organic vapors with environmentally important
materials including clays and OM, which finally control a thermodynamically stable state, may
be overlooked, based on short-term examination.

Kinetics of phenol-induced mixed vapor mass uptake
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Influence of agricultural long-term management on soil microbial
functional diversity in a semi-arid agroecosystem

Tea Colin!, Efrat Shakartchyl!, Gil Eshel?, Oshri Rinot? and Yosef
Steinberger!

1 - The Mina & Everard Goodman Faculty of Life Sciences Bar-Ilan University, Ramat-Gan, 5290002, Israel
(Tea201@hotmail.com).

2 - Soil Erosion Research Station, Ministry Of Agriculture & Rural Development, Rishon-Lezion. P.0.B. 30,
Beit-Dagan, 50250, Israel.

3 - Inst. of Soil, Water and Environmental Sciences, the Volcani Center, Agricultural Research Organization,
Israel

Long- term agricultural activity modifies key soil abiotic and biotic assets where the interplay
between them is of great importance in maintaining its expected productivity. Microbial
community is known to play an important role in soil processes such as decomposition, nutrient
cycling and toxic compounds degradation. The aim of the present research was an attempt to
quantify the contribution of different agricultural long-term management on microbial
community composition and its functional diversity. We hypothesized that soil microbial
community will be significantly affected by the agricultural activity. Soil samples were collected
(autumn 2016) from North-western Negev (semi- arid conditions), under three different soil
land use (e.g. orchard crops, field crops and uncultivated soil as control). Soil samples were
collected from three depths (e.g. 0-10 cm, 10-30 cm and 30-60 cm) in order to quantify selected
abiotic (e.g. soil moisture, organic matter, pH, conductivity and biotic (e.g. microbial community
functional diversity) parameters. The preliminary results showed significant differences (P<0.05)
in soil moisture (%) between the different agricultural managements, while no significant
differences were obtained in soil organic matter. Moreover, microbial biomass and CO,
evolution demonstrated a similar pattern, showing significant differences between the three
different soil managements and depths. Further data acquisition will increase our understanding
of agricultural field management by understanding soils biological function toward a soil health
index determination.
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Direct measurement of nano mechanical properties of clay
minerals with atomic force microscopy

Maoz Dorl.2, Yael Mishael! and Simon Emmanuel?

1 - Dept. Soil and Water Sci., Faculty of Agri., Food and Environ., The Hebrew University of Jerusalem,
Rehovot, Israel (maoz.dor@mail.huji.ac.il)

2 - Institute of Earth Sciences, the Hebrew University of Jerusalem, Jerusalem, Israel

The elastic modulus of clay-minerals strongly affect the mechanical properties of natural
materials, such as shales and soils. However, due to their tiny size, the direct measurement of
the response of clay-minerals to mechanical stress remains extremely challenging. In this study,
we used an atomic force microscopy (AFM) technique to map the mechanical properties of clay-
minerals at the nanometer scale. Tactoids of kaolinite and illite were measured in air, and the
measured reduced Young's moduli (in the range 14-32 GPa) are in agreement with the
calculated values reported in the literature. Clay-minerals within shales were found to have a
stiffness in the range 18-40 GPa, which was stiffer than organic matter but softer than calcite
grains. In addition to the analysis in air, we also carried out experiments in which clay-minerals
were imaged with AFM in aqueous solutions with different ionic strengths. We found that the
modulus of kaolinite dropped from a modal value of 29 GPa to 10 GPa when the fluid
environment was switched from deionized water to a NaCl solution (50 mM). An increase in the
ionic strength should decrease the electric double layer, reducing the Debye length, which may
contribute to an alignment of the clay platelets into a more organized and compact structure.
Such a structure may also clarify the lower modulus measured at high ionic strength since the
resistance, of a card-like structure (face to edge) vs. an aligned structure, will be higher upon
applying mechanical stress.
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Nitrogen, Phosphorus and Potassium Application Contributed to
the Growth and Yield of Teff Production

Kelem Gashul”, Isaac Zipori2, Yehoshua Saranga! and Uri Yeremiyahu!

1 - The Hebrew University of Jerusalem, The Robert H. Smith Faculty of Agriculture, Food and Environment,

Rehovot 76100, Israel (kelemg2007 @gmail.com)

2 - Gilat Research Center, Agricultural Research Organization, Gilat, Israel

Teff [Eragrostis tef (Zucc.) Trotter] is an annual small grain, panicle bearing C, cereal crop native
to Ethiopia. Pot and field experiments were conducted at Gilat Research Center of the
Agricultural Research Organization (ARO) in Southern Negeve of Israel, to study the independent
effect of N, P and K fertigation on two teff genotype (405B and 406W) growth parameters: yield,
concentration in dry matter and uptake of N, P and K in different plant parts. The pot
experiment included eleven treatments of different concentrations of N (10, 20, 80 and 120
ppm), P (1, 3 and 12 ppm), K (10, 20 and 80 ppm) in irrigation solution and the field experiment
included nine treatments of different concentrations of N (0, 30 and 120 ppm), P (0, 3 and 12
ppm), K (0 and 80 ppm) in the irrigation solution.

Teff crop mineral levels greatly varied depending on plant parts sampled, growth stage and
genotype. Relatively high shoot N, P and K concentrations were found during the early growth
stage and decreased as plants aged, probably due to mineral mobilizations to the grain.
Increasing irrigation mineral concentrations resulted in continued increases in shoot N, P and K
uptake.

The highest grain yield in both genotypes was obtained when the crop was irrigated with 60
ppm N, 6 ppm P and 80 ppm applications in the field experiment but over fertilization resulted
in grain yield reduction. Increasing irrigation N and P concentration in the solution resulted in
decreased in days to flowering, enhanced leaf development, and increased tillering, root dry
matter (DM) and grain yield with significant differences between genotypes.

The 405B genotype flowered earlier, produced more tillers, and less shoot and root DM
compared to the 406W genotype. Nevertheless, the flowering time of 405B and yield potential
of both 405B and 406W strongly depended on growth conditions. Taken together, the results
showed that both genotypes showed similar response to N, P and K fertilizations. Our results
indicate that 60 ppm N, 6 ppm P and 80 ppm in the irrigation solution seem optimal in the
genotypes studied. However, any recommendation should consider also the exact status of the
nutrients in the soil and water.
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Effects of rewetting and available carbon on soil nitrous oxide
emissions

Ilya Gelfand'2.3, Michael Abraha?3%, Stephen K. Hamilton?.34, Jiquan
Chenz.56 and Philip G. Robertson?:3.7

1 - French Associates Institute for Agriculture and Biotechnology of Drylands, Jacob Blaustein Institutes for
Desert Research, Ben-Gurion University of the Negev, Sede Boger Campus, 84990, Israel
(igelfand@bgu.ac.il)

- Great Lakes Bioenergy Research Center, Michigan State University, MI 48824

- WK. Kellogg Biological Station, Michigan State University, Hickory Corners, MI, 49060

- Department of Integrative Biology, Michigan State University, East Lansing, MI 48824

- Center for Global Change and Earth Observations, Michigan State University, East Lansing, MI 48823

- Department of Geography, Environment, and Spatial Sciences, Michigan State University, East Lansing, MI
48824

7 - Department of Plant, Soil, and Microbial Sciences, Michigan State University, East Lansing, M1 48824

o Ul B W

Soil drying and rewetting cycles are important in arid and semi-arid ecosystems and becoming
increasingly important in temperate ecosystems with intensification of the water cycle due to
climatic change. Understanding the effect of rewetting on soil nitrous oxide (N,0) emissions in
agricultural ecosystems is especially essential since agriculture is a major land-use. We
investigated effects of soil available C and rewetting on soil N,O emissions in two maize fields
under identical management, but with different soil C levels and compared them to unfertilized
permanent grassland (REF). One maize field was under conventional agricultural management
(AGR) and had low soil C (~1.2%). The other was converted from 22-years old grassland (CRP) in
2009 and had ~2.9% of soil C. The liable soil C pool in the upper 10 cm of soils from all fields was
assessed in 2009 and in 2014 using short-term mineralization incubations. The soil N,O fluxes
were measured biweekly from 2009 through 2014 using static chambers when soils were
unfrozen. The labile C pool was ~2-fold higher in soils from CRP than from AGR land use. The
five-year cumulative soil N,O emissions were 355 and 13+3 kg N-N,0 ha™ for former CRP and
AGR fields; ~3-fold higher in ecosystem with higher available C pool despite being fertilized at
similar rate (~184 kg N ha™ yr™). The REF site exhibited low background emissions of ~3 kg N ha
!, implying interplay between N,O fluxes and C and N availability. Further, to study an effect of
rewetting, we measured soil N,O emissions during two-week drought and for ~3 days after the
rewetting. Under drought conditions, average soil N,O emissions ranged between 0.2 and 0.8 ug
N m? min™ in all three fields and were not affected by fertilization or by available C pool. After
an artificial rain event of 50 mm, soil N,O emissions increased up to 34 fold in fertilized corn
field with higher soil C (i.e. CRP), while only 24 fold in corn field with lower soil C (i.e. AGR) to
286 and 5+2 pg N m™ min™, respectively. The REF site also exhibited ~3 fold increase in
emissions which remained low, 0.6£0.1 ug N m2 min™. We conclude that while N availability
and water are driving soil N,O emissions, the magnitude of the emissions is determined by
available soil C.

36


file:///C:/Users/shenker-lab/Desktop/האגודה%20למדעי%20הקרקע/כנס%202018/igelfand@bgu.ac.il

A

Israel Soil Science Society Conference - 2018 - yp1p7 *v71% NORIMWT 77KR:T 010

The fate of pathogens in wastewater irrigated soil

Osnat Gillori, Olabiyi Obayomil, Maram Ja’afreh!, Lusine Ghazaryanl,
Menachem Ben Hur?, Menachem Edelstein3, and Nirit Bernstein?

1 - Zuckerberg Institute for Water Research, ]. Blaustein Institute for Desert Research, Ben Gurion University,
Midreshet Ben Gurion, 84990, Israel (gilloro@bgu.ac.il)

2 - Institute of Soil Water and Environmental Sciences, Volcani Center P.0.B 6, Bet-Degan 50-250, Israel

3 - Department of Vegetable Crops, Agricultural Research Organization (ARO), Neve Ya’ar Research Center, P.
0. Box 1021, Ramat Yishay 30095, Israel

Using treated wastewater (TWW) for irrigation could alleviate freshwater scarcity and provide
food security in arid environments. However, TWW irrigation could present a considerable
health risk especially when used for freshly eaten produce. The overall goal of this project was
to challenge the restrictions imposed on the use of secondary TWW for irrigation of vegetables.
We predicted that TWW irrigated soil could be a vehicle to fecal indicators and pathogens on
route to the crops. To test our prediction we set field experiments where tomato, cucumber and
melon crops were irrigated with secondary TWW. We applied different water quality, irrigation
practices and soil types to test our predictions and tested for human pathogens and indicators,
antibiotic resistance genes, soil and plant properties and agronomic parameters in the water,
soil and crops. In this talk we will focus on the abundance of the obligate and opportunistic
pathogens monitored throughout the field trials using a combination of cultivation-based and
molecular techniques. In addition, we monitored the source of fecal contamination in the
irrigated soil and crops.

Our results indicate that bacterial contamination on and in the irrigated crops (corresponding to
surface and tissue) are not linked to the irrigation regime. In fact, no differences were detected
between crops irrigated with freshwater or TWW regardless of the water quality, irrigation
practices or soil type. Moreover, contamination of the crops surface with fecal coliforms could
not be tracked back to humans. Lastly, although we detected antibiotic resistance genes in the
irrigated soil, their presence could be linked to the treatment used in this study. The results
indicate that secondary TWW do not enrich the soil or crop with human pathogens or antibiotic
resistance genes. Therefore, testing for these markers in soil, in addition to the water and crop,
should be considered mandatory, as contamination might be independent of the irrigation
water source, the irrigation treatment or the soil type.
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Nitrogen fertilization of plants in the desalinated-water era. A
study of interactions of nitrogen with chloride

Escain Kiwondel2, Daniel Kurtzmanl, Ido Nitsan! and Asher Bar-Tall

1 - Institute of Soil, Water and Environmental Sciences, The Volcani Center, Agricultural Research

Organization (ARO), Rishon Lezion, Israel (escain.kiwonde@mail.huji.ac.il)

2 - The Robert H. Smith Faculty of Food Agriculture and Environment, The Hebrew University of Jerusalem,
Rehovot, Israel

The growing need for fresh water as population increased, gave rise to increase in demand for
water to be used in agriculture. This in turn led to increase in desalination of saline water and
use of desalinated water for irrigation. The use of desalinated water for irrigation is an
important opportunity to optimize nitrogen (N) fertilization of plants as an attempt to minimize
and avoid contamination of groundwater by nitrate. Nitrate contamination of groundwater is a
major problem in many countries, Israel among them, resulting in disqualification of wells
providing drinking water. Chloride (Cl) is a dominant ion in natural water in arid areas and it is
considered as a major limiting factor for plants biomass accumulation and yield production.
Several past researches suggested that, increased application of N fertilizer will reduce Cl uptake
by plants ensuring high yields. Instinctively, farmers apply high amounts of N in an attempt to
maximize yields and having research recommending the application of even higher N amounts in
saline soils may lead to increased nitrate contamination making a problem even worse. In this
study, the assumption was that, optimal N concentration for highest yield will decrease with
increase in Cl concentration of the irrigation solution; which in turn will decrease Cl and nitrate
downward leaching below the root zone. To study this, the response of two different crops,
lettuce and potato to a range of different concentrations of N and Cl concentrations were
evaluated using a controlled irrigation lyzimeter growing system. Coarse sand was used as a
growth media in lysimeters to allow high aeration and easy drainage of irrigating solution.

The two plants yield increased with N up to optimal N concentration of the irrigating solution
and decreased with Cl.
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Figure showing effect of nitrogen and chloride concentrations in the irrigating solution on
Potato plant yield.

Drainage N and Cl increased with increase in N and Cl in the irrigating solution for the two crops.
N uptake by potato increased significantly with increased N concentration in irrigating solution
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and the highest uptake was at low Cl level. The relative Increase in yield as function of N
concentration was higher in low than in high Cl solution. This concurs with our hypothesis that,
optimal N concentration for highest yield will increase with decrease in Cl concentration of the

irrigating solution. At high Cl concentration, a reduction in N concentration to achieve maximum
yield was observed.
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The Effect of Tillage on microbial communities and soil

Judith Kraut-Cohenl, Dafi Lavil, Eli Argaman? and Dror Minz!

1 - Soil, Water and Environmental Sciences, Agricultural Research Organization, Volcani Center, Bet Dagan,

Israel (judith@volcani.agri.gov.il)

2 - Soil Erosion Research Station, Soil Conservation & Drainage Division. Ministry of Agriculture & Rural
Development, Bet Dagan, Israel

Conventional tillage of agricultural fields was shown to disrupt the soil physical and chemical
properties, resulting in reduction of organic matter, mineralizable N and humidity but the
influence on bacterial community structure and function was not well defined. As soil
microorganisms mediate most of the ecosystem services, the aim of our study was to investigate
dynamic of microbial communities in soil under different management practices of
conventional- (CT), minimal- (MT) and no-tillage (NT) practices in two plots (Moledet-MO and
Ein Harod Meuhad-EHM). We sampled 5 replicates from each treatment and plot, twice a year
for four consecutive years and analyzed the microbial community structure and function. A
significantly higher the overall soil hydrolytic and oxidative potential activity was demonstrated
in NT samples compared with CT samples and increased in MT practice over time. NT bacterial
communities were different from CT communities, while MT samples clustered with either CT or
NT samples in MO and EHM, respectively. This distinct community composition of CT vs. NT
samples was shown to be statistically significant by Anosim analysis comparing bacterial
communities in both plots. The species richness, as reflected by Alpha diversity indexes, was not
affected by the treatments. Taxonomically, NT samples exhibited specific elevation in relative
abundance of members of the class Alphaproteobacteria and specifically in the order rhizobiales
while in CT soil the relative abundance of Nitrososphaerales was elevated.

Previous studies analyzed tillage effects on bacterial community structure either with culture-
based isolation techniques, or by fingerprinting techniques such as DGGE, or phospholipid fatty
acid-(PLFA) profiles, giving only limited information on the diversity of bacterial community.
Here we demonstrate, using high resolution next generation sequencing, that NT practice
increases the overall microbial potential activity and prevents tillage-induced alterations of the
microbial community structure, suggesting that NT is a soil conserving practice.
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In what root-zone N concentration does nitrate start to leach
significantly? A reasonable answer from modeling field data and
closed root-zone experiments

Daniel Kurtzmanl, Beeri Kanner?, Yehuda Levy3, Roi Shapira4, Tuvia
Turkeltaub®, Ofer Dahan® and Asher Bar-Tall

1 - Soil, Water & Environmental Sciences, ARO, Volcani Center, Rishon LeZion, Israel

(daniel@volcani.agri.gov.il)
2 - Etgar A. Engineering, Tirat Yehuda, Israel

3 - Hydrology, Institute of Earth Sciences, Hebrew University, Jerusalem, Israel

4 - Mekorot Water Company Ltd, Tel Aviv, Israel

5 - Lancaster Environment Centre, Lancaster University, Lancaster, United Kingdom
6 - Institute for Water Research, Ben Gurion University of the Negev, Sde Boker, Israel

Closed-root-zone experiments (e.g. pots, lyzimeters) reveal in many cases a mineral-nitrogen (N)
concentration from which the root-N-uptake efficiency reduces significantly and nitrate leaching
below the root-zone increases dramatically. A les-direct way to reveal this threshold
concentration in agricultural fields is to calibrate N-transport models of the unsaturated zone to
nitrate data of the deep samples (under the root-zone) by fitting the threshold concentration of
the nitrate-uptake function. Independent research efforts of these two types in light soils where
nitrate problems in underlying aquifers are common reviled: 1) that the threshold exists for
many crops (field, vegetables and orchards); 2) nice agreement on the threshold value between
the two very different research methodologies; and 3) the threshold lies within 2050 mg-N/L.
For leafy vegetables (e.g. lettuce) this threshold is much less distinct and nitrate leaching grows
with nitrate fertilization almost linearly. Focusing on being below the threshold is a relatively
simple aim in the way to maintain intensive agriculture with bounded effects on the underlying
water resource (nitrate contamination). Our experience show that in some crops this threshold
coincides with the end-of-rise of the N-yield curve (e.g. corn), in this case it is relatively easy to
convince farmers to fertilize below threshold. In other crops, although significant N is lost the
crop can still use higher N concentration to increase yield (e.g. potato). Intensive growing of
leafy vegetables on light soils is of concern if nitrate leaching to the underlying aquifer is a threat
for drinking-water supply.
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In-situ bioremediation treatment for vadose zone and
groundwater polluted with perchlorate

Ilil Levakov!, Zeev Ronen! and Ofer Dahan!

1 - The Zuckerberg Institute for Water Research, The Jacob Blaustein Institutes for Desert Research, Ben-
Gurion University of the Negev (ilille@post.bgu.ac.il)

Perchlorate (ClO%,) is considered environmental pollutant which may spared rapidly in the
saturated and unsaturated zone due to its chemical stability and low sorptivity to soil. In Israel, it
found in high concentration at the vadose zone (up to 30,000 mg/l) and groundwater (up to
750mg/I) underlying former industrial waste lagoons. Perchlorate is biodegradable by native
microbial community under anaerobic conditions in the polluted soil. Previous studies on the
site remediation, exhibited a significant difficulty in introducing the essential electron donor to
the deep unsaturated zone. Any attempt to increase the deep water content led to substantial
displacement of perchlorate into the groundwater. Moreover, it was also found that the
biodegradation potential of the top soil is significantly higher compare to the deep vadose zone.
These findings led to the development of an alternative method for simultaneous treatment of
the unsaturated zone and the groundwater. The method utilizes the high degradation potential
of the shallow soil along with the high mobility of the perchlorate. The combined treatment
method includes recurrent pumping of contaminate groundwater and application of the
polluted groundwater amended with electron donor to the shallow soil layers. As a result,
perchlorate is bio-degraded in the upper soil layers and the treated water continues to flush
down the rest of the deep layers, while displacing the pollution into the groundwater, where it is
instantly pumped back to surface for further treatment. The entire process is monitored and
controlled by the VMS (Vadose zone monitoring system), which allows continues measurements
of the pollutants concentrations and transport processes along the vadose zone. Evaluation of
the method efficiency was done in a pilot-scale field experiment carried out over seven months.
Full reduction of perchlorate concentration (<10 mg/l) after application of contaminated
groundwater across the upper 13m has been regarded as proof of concept for the alternative
method .During field experiments, changes in soil chemical and microbial properties were
examined; trace experiment was carried out in order to track and predict perchlorate and water
transport; an unexpected decline in perchlorate degradation rate was examined through
laboratory experiments. Those conclusions provide essential information regarding the optimal
operation conditions required for the treatment.
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Microbial biodegradation of polycyclic hydrocarbons in crude oil
contaminated arid soil

Mor Meshulam, Zeev Ronen and Ali Nejidat

1 - The Zuckerberg Institute for Water Research, The Jacob Blaustein Institutes for Desert Research, Ben-

Gurion University of the Negev, Israel (mor.meshulam88@gmail.com)

Crude oil spills are frequent events since many countries still rely on oil as energy source.
Compounds like polyaromatic hydrocarbons were found to be toxic, mutagenic and strongly
affect soil and water properties. For this reason, it is considered as an environmental pollutant.
Currently, accepted way to treat this contaminants, is through on-site creation of preferred
conditions to promote indigenous microbial biodegradation. Understanding the processes
involved in pollutants biodegradation is a crucial step in the process of land rehabilitation. The
current work examines crude oil degradation in a hyper-arid environment that faces a double
challenge, water scarcity and nutrient deficiency. Here we show the biodegradation potential,
microbial community structure and test the possibility to supply missing nitrogen by enhancing
native nitrogen-fixing cyanobacteria (NFC). Three bacterial strains were isolated from
contaminated soil in Ein Evrona nature reserve and were found to have genes coding for two
enzymes involved with crude oil degradation (alkB and NAH). In order to test the possibility that
native NFC can provide sufficient nitrogen to promote oil degradation, contaminated soil was
incubated with enrichment cultures of NFC, established from the same site and remote site
(Ovdat). Accelerated reduction in petroleum carbon was observed using Ein Evrona enriched
NFC with concurrent accumulation of nitrate, although not higher than the control without
addition of NFC. In the later treatment, a graduate increased in CYA was observed over the
incubation time. These results confirm there is a potential for biological degradation even in
hyper arid region. We suggest bioremediation as an optional solution to treat oil pollution in
arid zones with NFC bio augmentation to supply nutrients and achieve land restoration.
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Early response of tree and soil to tuff trenches following irrigation
with treated waste water

Diriba Bane Nemeral.2, Asher Bar-Tal?, Shabtai Cohen?, Guy Levy?, Victor
Lukyanov? and Jorge Tarchitzky!

1 - The Robert H. Smith Faculty of Agriculture, Food and Environment, The Hebrew University of Jerusalem,

Israel (diriba.nemara@mail.huji.ac.il)

2 - Institute of Soil, Water and Environmental Sciences, ARO Volcani Centre, Israel

Long-term irrigation with treated wastewater (TWW) causes soil structural damage leading to
disturbance in plant performance and yield reduction, especially in clay soils. We hypothesized
that the tuff trenches enhance the drainage of soluble salts leading to improvement in soil
physico-chemical characteristics and tree performance. The objective of the current study is to
evaluate the effects of tuff trenches on soil and trees in a mature avocado orchard at Kibbutz
Yasur (Latitude 32°53’42” N and 35°10’30”), the Western Galilee, Israel. Prior to our experiment
the orchard was irrigated with TWW for more than 10 years. Trenches of 30 cm deep and 30 cm
wide were dug about 30 cm away from the stem on both sides of the tree rows, filled with
volcanic tuff and irrigated with TWW. The two treatments were tuff trenches irrigated with
TWW and control (TWW). Soil samples were collected to a depth of 90 cm (at 30 cm intervals)
annually at the end of the irrigation season in all plots under drippers. Additional soil samples
were taken 30 cm from the drip laterals in both directions and between trees within a row to a
depth of 30 cm. Tree sap flow was measured continuously with automated thermal dissipation
probes (TDP) installed in 10 trees for each treatment. Preliminary soil analyses showed that
electrical conductivity (EC), Cl- and Mg2+ are significantly reduced under the drippers in tuff
trenches at all depth of sampling, whereas significant reduction in Na+, K+ and sodium
adsorption ratio (SAR) occurred at a depth of 0-60 cm as compared with the TWW control. Sap
flow measurements revealed that the tuff trenches have increased sap flow compared to
control. The results observed so far suggest that tuff trenches enhance the leaching of soluble
cations at different magnitudes leading to reduced SAR. The leaching of salt from the top soil
may have contributed to better availability of water for the avocado tree as revealed by the sap
flow. Further analysis of soil physicochemical changes, tree growth and tree physiological
response is ongoing to come up with tangible results on how tuff trenches influence soil and
plant response.
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Salt transport and accumulation along inclined surfaces

Abraham Oluwafemil, Nimrod Schwartz? and Uri Nachshon!

1 - Institute for Soil, Water and Environmental Sciences. ARO, Volcani Research Center

(urina@volcani.agri.gov.il)

2 - The Department of Soil and Water Sciences, The Faculty of Agricultural, Food and Environmental Quality
Sciences. The Hebrew University

Field observations showed high variability in salt accumulation along natural and cultivated land
slopes, even for relatively homogeneous soil conditions. It was hypothesized that slope
inclination has an impact on the transport and location of salt accumulation along the slope. A
set of laboratory experiments were used to explore the salt transport and accumulation along
inclined surfaces. Results showed that for conditions of shallow saline water table at the lower
boundary of the slope, salt accumulates in low concentrations and homogeneously along the
entire slope, for moderate slopes. However, as inclination increases, high salt concentrations
were observed at the upper parts of the slope, with the lower parts of the slope relatively free
of salt. A conceptual model was developed to explain the results obtained from the laboratory
experiments. It was suggested that the interactions between slope angle, evaporation rates,
hydraulic conductivity of the medium and distribution of wetness along the slope affect the
saline water flow path through the medium.

Understanding of salt dynamics along slopes is important for agricultural and natural
environments, as well as for civil engineering purposes. Better understanding of the salt
transport processes along slopes and subsurface hydrological processes, will improve our ability
to predict, cope with and minimize soil salinization and to preserve agricultural lands and
natural ecosystems. Results from laboratory experiments and a numerical model fit the field
observations and may explain the high variability of salt distribution along slopes as observed in
the field.
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Effect of fertigation on growth, yield and root quality of cassava

John Okoth Omondil, Naftali Lazarovitch!, Shimon Rachmilevitch!, Uri
Yermiyahu? and Or Sperling®

1 - French Associates Institute for Agriculture and Biotechnology of Drylands, Ben-Gurion University of the
Negev, Israel (okoth05@gmail.com)
2 - Gilat Research Centre, Agricultural Research Organization, Israel

Cassava, feeding countless people and attracting new markets worldwide, is a model of a
traditional crop that needs physiology-based fertigation (nutrient application through irrigation)
standards under intensive cultivation. Accordingly, the effects of 10, 40, 70, 100, 150, or 200 mg
L™ nitrogen (N) fertigation on growth and yield of cassava were studied and targeted alterations
in photosynthesis, transpiration, and leaf carbohydrates. It was observed that from 10 to 70 mg
N L™ cassava increased photosynthesis and transpiration, but only to support the canopy’s
growth. At 100 mg N L™ cassava finally reached a threshold of sugar in the leaves (~*47 mg g?), it
began to accumulate starch, and supported higher root yields. Yet, at 200 mg N L™ the canopy
became too demanding and the plants had to restrain transpiration, reduce photosynthesis,
loose carbohydrates, and finally lower yields. Hence, it was concluded that there are three
phases of cassava’s response to N: 1) growth that does not support yields at low N, 2)
productive N application, and 3) excessive use of N that depresses yields. While traditional
assessments of N in the leaves failed to exhibit these responses, a simple and inexpensive
carbohydrates analysis can determine if N application is simply inefficient (possibly reducing
farmers’ profits) or is detrimental to yields and a risk to the environment.
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Simultaneous removal of pharmaceuticals from treated waste
water by tailored clay sorbents

Amir Perez! and Yael Mishaell

1 - Department of Soil and Water Science, The Robert H. Smith Faculty Agri. Food and Environ., Hebrew
University of Jerusalem, Rehovot, Israel (amir.perez@mail.huji.ac.il, yael. mishael@mail.huji.ac.il)

The removal of emerging micro-pollutants, including pharmaceuticals, by different composites
sorbents is widely studies in recent years. Most of the studies examine the removal of a single
pollutant by a single composite. The real challenge in treating pharmaceuticals from surface
waters and all the more so from treated wastewater, is the variety of pharmaceuticals and the
background water solution. More specifically, the pharmaceuticals are characterized by
different chemical properties and present at low concentrations while higher concentrations of
dissolve organic matter (DOM) and salts are present. In the current study we developed a novel
polycation-clay sorbent based on poly-4-vinylpyridine (PVP) modified with an ethanol (on the
pyridine) (OHPVP) adsorbed to montmorillonite (MMT). The OHPVP composite reach a positive
zeta potential of at 40mV.

In the first stage we focused on the removal of three pollutants, metoprolol (MET), diclofenac
(DCF) and lamotrigine (LTG) which are cationic, anionic and non-ionic, respectively. We
determined the affinity of each pollutant to the OHPVP-MMT sorbent. As expected the cationic
pollutant (MET) showed high affinity to MMT (reaching the CEC) but surprisingly its removal by
the composite was also high. The anionic and non-ionic pollutants showed higher affinity and
capacity towards OHPVP than towards MMT.

In the second stage we studied the
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composite, of the non-ionic molecules Removal of micro-pollutants, after 10 min, by different composites
Iamotrigine and carbamazepine was twice (0.15+0.03 g/g, clay 1.67 g/I) and GAC (1.67 g/l), from TWW after UF

its removal by GAC. The removal of anionic molecules such as diclofenac was even better with
an advantage of 6-7 folds. Furthermore, the removal of EfOM by the OHPVP was substantially
higher than by GAC. Metoprolol, the only cation molecule, was completely removed by the
composites, while only 10% was removed by GAC due to its high affinity to MMT as
demonstrated in the first stage.
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These results suggest that polymer-clay composites can be designed to efficiently remove an
array of pollutants from treated waste water.
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Using drainage amount or chloride concentrations for
evapotranspiration estimation in non-weighing lysimeters:
numerical and field experiments
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Desert Research, Ben-Gurion University of the Negev (iael@post.bgu.ac.il)
2 - Gilat Research Center, Department of Environmental Physics and Irrigation

Water and solute fluxes measured from lysimeters located in the field can be used to estimate
evapotranspiration, for irrigation scheduling and in solute leaching management. System-
imposed heterogeneities are expected to affect the variability of the measured fluxes, and
therefore the uncertainty of data obtained using lysimeters. In this study, heterogeneities in soil
hydraulic conductivity and dripper discharge rate were numerically studied and their effect on
drainage amount and concentration assessed. In addition, evapotranspiration calculated from
drainage amount and chloride concentrations measured in non-weighing lysimeters, were bell
peppers drip-irrigated with brackish water were grown, are presented.

For the numerical studies, three-dimensional simulations were performed with HYDRUS 2D/3D
with 100 realizations per scenario. The effect of three levels of soil and irrigation
heterogeneities was studied for lysimeters of two different sizes. Additionally, three leaching
fraction levels and water uptake reduction due to solute stress were evaluated. Coefficient of
variations of the drainage amount and solute concentrations were evaluated for the different
scenarios. Irrigation heterogeneity caused higher variability in drainage amount while soil
heterogeneity caused higher variability in drainage concentration. The larger the lysimeter or
the higher the leaching fraction, the lower the variability for both drainage concentration and
amount. Combined soil and irrigation heterogeneities produced no synergistic effect, suggesting
that the variability measured in lysimeters was governed by the factor that caused the highest
variability. When water uptake reduction due to salinity was considered, the same trends were
observed.

In the field experiments, bell peppers were grown in non-weighing lysimeters having two
different depths and three different surface areas in a semi-commercial greenhouse with loamy
sand soil. Evapotranspiration calculated using the drainage from the lysimeters was successfully
compared to that calculated using weighing lysimeters in the same greenhouse. Drainage
chloride concentrations were used in order to calculate the drainage amounts, assuming a
conservative behavior, and then to calculate evapotranspiration. The evapotranspiration
calculated using drainage chloride concentrations instead of measured drainage amount was
successfully compared to the evapotranspiration calculated with the weighing lysimeters. The
results from this study can help to decide if to use either drainage concentration or amount
values, for saline water irrigation management using lysimeters, according to the soil hydraulic
conductivity or irrigation discharge rate heterogeneity levels.
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Organic management effects on the dynamics of soil organic
carbon and nitrogen pools

Nativ Rotbartl?, Yotam Guettal?, Adi Orenl, Yael Laor3, Michael Raviv3,
Shlomit Medina3, Guy Levy!, Uri Yermiyahu*, Moshe Shenker? and Asher
Bar-Tall

1 - Department of Soil Chemistry, Plant Nutrition and Microbiology; Institute of Soil, Water and
Environmental Sciences Volcani Center, Agricultural Research Organization (ARO)Rishon LeZion 75359,
Israel (nativr@volcani.agri.gov.il)

2 - Department of Soil and Water Sciences, Faculty of Agriculture, Environment and Food Sciences, The
Hebrew University of Jerusalem, Rehovot, Israel

3 - Newe Ya'ar Research Center, Agricultural Research Organization (ARO), Ramat Yishay, Israel

4 - Gilat Research Center ,Agricultural Research Organization (ARO), Gilat, Israel

Compost application increases soil organic matter (SOM) content and is particularly beneficial in
arid and semi-arid agroecosystems, often impoverished in SOM, contributing to both the
nutritional and physical quality of the soil. Research objectives were to characterize: 1. The long-
term influence of organic fertilization compared with chemical fertilization on various pools of
soil organic C and N (i.e., total, cold water-extractable, hot water-extractable and microbial
biomass pools); and 2. The seasonal size dynamics of these C and N pools. A long-term field
experiment, held in the Northern Negev, compared the application of a cattle manure-based
compost (at rates of 20, 40 or 60 m* ha™ yr') with urea fertilization. The organic fertilization
management induced significant long-term (6-years) increases in total organic C (TOC) and total
N (TN) and in cold- and hot-water-extractable organic C and N (EOC, EN, HWEOC and HWEN,
respectively) with all increases being positively related to compost application rates. Microbial
biomass C (MBC) and N (MBN) similarly increased with compost application rates. Seasonal
dynamics of MBC and MBN showed a fluctuating pattern with microbial growth phases
following compost and urea applications as well as temporary increases in response to rain
events. A negative relationship between MBN and the EN pool, maintained for a month
following compost application, indicated N immobilization. While the EOC and EN pools showed
a highly fluctuating seasonal pattern, the HWEOC and HWEN pools (being considerably larger
than the former pools) were quite stable with time, suggesting that the latter pools represent a
relatively stabilized SOM fraction. The specific ultraviolet absorbance (SUVA = ABS,s,/OC) of
both EOC and HWEOC was higher for the compost-treated soils compared with the urea
treatment, indicating the higher level of aromaticity of the extracts from compost-treated soils.
While the SUVA of EOC showed a fluctuating seasonal pattern, the SUVA of HWEOC was stable
with time, implying that the latter pool represents stabilized, aromatic SOM. To conclude,
microbial and extractable N and C pools' sensitivity to fertilization management at the short and
long term emphasized the contribution of compost application to both soil nutritional potential
and SOM stabilization. Microbial N immobilization may constitute a mechanism for preserving N
surpluses in the short term while allowing a slow release in the long term, through the
"turnover" of microbial biomass.
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Polycyclodextrin-montmorillonite composites: regenerable dual-
site sorbents for removal of bisphenol a from wastewater

Itamar Shabtail! and Yael Mishaell

1 - Dept. of Soil and Water Sci. Faculty of Agriculture, Food and Environment, The Hebrew University of
Jerusalem (itamshab@gmail.com)

Adsorption of emerging micropollutants from wastewater is challenging due to sorbent
inefficiency in the presence of effluent organic matter (EfOM). Further, sorbent regeneration, a
requisite in efficient wastewater treatment, is often overlooked. In this study, we addressed
both challenges by designing regenerable, dual-site polymer-clay composites, for the
simultaneous removal of bisphenol A (BPA), a micropollutant, and EfOM, from treated
wastewater. We designed composites based on B-cyclodextrin, which was polymerized and
modified with a cationic group (pCD*) or not (pCD°) and adsorbed to montmorillonite (pCD*-
MMT and pCD°-MMT, respectively). We tailored the composites as dual-site sorbents to target
BPA through hydrophobic size inclusion in B-cyclodextrin cavities and anionic EFOM compounds
by the cationic groups. We confirmed B-cyclodextrin polymerization and composite fabrication
using a suite of analytical tools.

Adsorption of pCD*, characterized by low M,, and positive charge, to montmorillonite, produced
an intercalated composite with positive zeta potential. While adsorption of uncharged pCD®,
characterized by very high M,, produced an exfoliated composite. The contrasting composite
structures were likely induced by polymer size and conformation at the adsorbed state. Further,
the planar conformation of pCD* on the clay surface, in comparison to the globular one of pCD°
resulted in more rapid adsorption of BPA by pCD*-MMT. The dual-site property of pCD*-MMT
enabled the simultaneous removal of BPA and EfOM from wastewater, which was as high as
that of each pollutant separately. Thus, pCD*-MMT simultaneously removed BPA and EFOM
without compromising BPA removal kinetics. pCD*-MMT was employed in filtration columns and
demonstrated efficient simultaneous filtration of BPA and EfOM from wastewater. Furthermore,
highly effective, in-column regeneration was obtained by selectively eluting EfOM and BPA, with
brine and alkaline solution, respectively. Sorbent reuse was demonstrated in two
filtration/regeneration cycles, during which sorbent performance remained uncompromised.
This study highlights the potential to design novel dual-site clay composites as selective and
regenerable sorbents for advanced wastewater filtration.
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Orchard floor management effect on the soil free-living nematode
communities

Efrat Shakartchy?l, Gil Eshel?, Roey Egozi2 and Yosef Steinberger?

1 - The Mina & Everard Goodman Faculty of Life Sciences, Bar-Ilan University, Israel (efrat1028 @walla.com)
2 - Soil Erosion Research Station, Ministry Of Agriculture & Rural Development, Rishon-Lezion. P.0.B. 30,
Beit-Dagan, 50250, Israel

The selection of a given practice in agriculture has key impacts on soil biota functioning.
Moreover, an intensive agriculture with bare soil promotes soil degradation processes as a
result of increased level of runoff and soil erosion, caused by the raindrop impact on the bare
soil. In order to overcome this essential threat, is common to mulch the soil in Orchards and
Vineyards by plant and plants residue. The soil free-living nematode communities are one of the
most important and numerous groups of soil biota that play important role in fundamental
ecological processes. Furthermore they have been found to be sensitive bio-indicators
of soil health. In the present study, we examined the effect of different soil management on a
soil abiotic components and the soil free-living nematode communities (e.g. density and
diversity) in a citrus orchard floor with woodchips below trees and annual winter cover crops
between rows. Soil samples were collected in the winter season from an orchard in a citrus
plantation in the Sharon area in Israel. The samples were collected from the 0-10 cm from three
sites with following plant cover: (1) Wbr - annual native species ;(2) AVbr - Avena stavia + Vicia ;
and (3) Bbr - bare untreated soil Control. The obtained results had indicated the following: (1)
significant difference in soil moisture were soil cover by annual plants (Wbr& AVbr) and control
site; (2) organic matter and Water Holding Capacity were found to be higher for all mulched
samples (Wbr, AVbr and Mtr) than the control (Bbr & Btr).The pH between rows planted with
Whbr in comparison to AVbr and control; (3) nematode communities and the trophic diversity
were significantly affected by orchard floor management. The obtained results had been found
to elucidate the strong relation between the orchard floor management and soil free living
nematode community relationships.
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Monitoring transport and equilibrium of heavy metals in soil using
induced polarization

Tamar Shalem?! and Alex Furman!
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Soil and groundwater pollution in general, and by heavy metals in particular, is a major threat to
human health, and especially in rapidly developing regions, such as China. Fast, accurate and
low-cost measurement of heavy metal contamination is of high desire. Spectral induced
polarization (SIP) may be an alternative to the tedious sampling techniques typically used. In the
SIP method, an alternating current at a range of low frequencies is injected into the soil and the
resultant potential is measured along the current’s path. SIP is a promising method for
monitoring heavy metals, because it is sensitive to the chemical composition of both the
absorbed ions on the soil minerals and the pore fluid and to the interface between the two. The
high sorption affinity of heavy metals suggests that their electrical signature may be significant,
even at relatively low concentrations.

The goal of this research is to examine the electrical signature of soil contaminated by heavy
metals and of the pollution transport and remediation processes, in a non-tomographic fashion.
Specifically, we are looking at the SIP response of various heavy metals in several settings: 1) at
equilibrium state in batch experiments; 2) following the progress of a pollution front along a soil
column through flow experiments and 3) monitoring the extraction of the contaminant by a
chelating agent. Using the results, we develop and calibrate a multi-Cole-Cole model to separate
the electrochemical and the interfacial components of the polarization. Last, we compare our
results to the electrical signature of contaminated soil from southern China.

Results of single metals from both batch and flow experiments display a shift of the relaxation
time and a decrease in the phase response of the soil with increase of the metal concentration,
suggesting strong sorption of the metals on the stern layer. Preliminary results also show
evidence of electrodic polarization, assuming to be related to the formation of metal oxides in
the soil. We present both raw data and fitting of the results to models, to explain the behavior
of our system and the dynamics of and transport processes of the metals in the soil.
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Synthetic layered double hydroxides - understanding surface
properties and synthesis variables

Dina Shpasser!, Anup Tathod! and Oz M. Gazit!

1 - Department of Chemical Engineering, Technion, Israel (ozg@technion.ac.il)

Layered double hydroxides (LDH) have a brucite-like layered structure in which some of the
divalent metal ions are isomorphically substituted by trivalent metal ions. This substitution
forms positively charged layers that are compensated by intercalating anions. LDHs are widely
used as supports and as catalyst in various heterogeneous base catalyzed reactions. As for many
heterogeneous catalysts, the size of the catalytic particle (i.e. LDH) is strongly correlated to the
catalytic performance, by affecting the number of low-coordination sites such as corners and
edges. Therefore, it is of great ntrest to obtain control over LDH size in a reproducible manner.

The most common method for the synthesis of LDH is coprecipitation at room temperature, a
process governed by a nucleation and growth mechanism. In this method, the metal precursor
solution is added dropwise to a base solution containing the intercalating ion (e.g. nitrate,
carbonate). This initiates a simultaneous nucleation and growth process dictated by synthesis
parameters such as metal concentration, pH, rate of addition and mixing efficiency. In a
subsequent step the LDH material is aged at a slightly elevated temperature (i.e. 60-150°C) to
enhance particle growth and increase the number of stacked layers.

We will show that by controlling the synthesis temperature along with varying the method of
precursor addition we can promote nucleation and restrict growth, thereby controlling the
lateral size of the obtained Mg-Al LDH. In this way particles can be synthesized with a size of 20-
200 nm with relatively narrow size distribution. Addition of an organic modifier, such as
formamide, during synthesis allows control over the amount of stacking of LDH layers.
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Electrical response of roots in hydroponic solution and soil

Kuzma Tsukanov ! and Nimrod Schwartz 1

1 - Department of Soil and Water Sciences, Robert H. Smith Faculty of Agriculture, Food and Environment,
The Hebrew University of Jerusalem, PO Box 12, Rehovot 7610001 Israel

(kuzma.tsukanov@mail.huji.ac.il)

The properties and processes of plant roots and their rhizosphere control such critical factors as
water and nutrient transport, soil carbon and nutrient dynamics, and soil microorganisms.
Accurate measurement of their properties and processes is therefore of great importance and is
highly challenging. Geoelectrical methods, such as the spectral induced polarization (SIP)
method, hold great promise as non-invasive tool for monitoring the subsurface. Utilization of SIP
for studies of roots and the rhizosphere requires a deep understanding of the mechanisms
governing their SIP response. Gaining and applying such understanding is the objective of this
study.

We measured the SIP signature (1 mHz to 10 KHz) of wheat roots systems in nutrient solution
(hydroponic) and in soil. In the first case, we used 30-day-old wheat grown in a commercial
growing medium, we washed out the growing medium and placed the root in an experimental
column filled with nutrient solution. After allowing 24 hr for equilibration, we measured the SIP
signal. Immediately after this measurement we removed the plant from the medium, cut off
part of its root system, and returned the remaining root to the column for another
measurement. We repeated this procedure 3 times until no roots remained. In the second case,
we filled two columns (3 cm diameter, 30 cm long) with a sandy loam soil. We planted a 5-day-
old wheat seedling in one column, and irrigated both columns with nutrient solution. The
columns were then transferred to an environmental chamber. At 9, 11 and 14 days after
planting we saturated both columns with the nutrient solution, and measured SIP.

In the nutrient solution, quadrature conductivity was significantly increased in the presence of
roots. The polarization correlated positively with the amounts of root in the solution. In
addition, relaxation frequency increased from ~2.7 Hz for a 9.8-g root sample to ~10 Hz for the
whole root system (27.5 g). The observed increase in polarization due to the presence of roots is
in agreement with other works. It is reasonable to suggest that the observed changes in
relaxation frequency are correlated with changes in the root diameter, but this possibility needs
to be further examined.

In soil, the results suggest that the in-phase conductivity was not affected by the presence of
roots. In all measurements, the magnitude of the low-frequency polarization (up to 10 Hz), was
lower when root was present. This was a non-intuitive finding, as the root itself contributes to
the polarization. One possible explanation is that organic carbon secreted by the roots changes
the physicochemical properties of the mineral surface, with a resulting decrease in soil
polarization. Overall, these preliminary results demonstrate the sensitivity of the SIP method to
the presence and activity of roots, and the impact of roots on soil electrical signature.
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Wheat rhizosphere bacteria mitigate N:O emissions

Alla Usyskin-Tonnel.2, Yitzhak Hadar? and Dror Minz!

1 -Soil, Water and Environmental Sciences, Agricultural Research Organization, Volcani Center, Bet Dagan,

Israel (alla.usyskin@mail.huji.ac.il)

2 - Robert H. Smith Faculty of Agriculture, Food and Environment, The Hebrew University of Jerusalem,
Rehovot, Israel

Microbial dissimilatory nitrogen metabolism processes are among the main factors negatively
affecting nitrogen availability to plants. These include nitrate respiration and denitrification,
which may result in reduction of plant-available N and emission of nitrous oxide (N,0), a highly
potent greenhouse gas and ozone-depleting substance in the stratosphere. These activities are
strongly enriched in the rhizosphere, stressing their environmental and agricultural importance.
Studied denitrifying bacteria had shown that some has partial denitrifying ability and even
possessing the genetic ability to reduce nitrate up to atmospheric nitrogen in pure culture might
not always lead to efficient N,O reduction. This may result in N,O emission from soil and
especially rhizosphere environments. One approach to minimize these effects is plant
inoculation and enrichment by active N,O reducing bacteria and thus minimizing N,O emissions
from agricultural fields.

In this study, bacteria were isolated under anaerobic conditions from roots of greenhouse and
field grown wheat plants. The isolates were characterized and their denitrification pathway was
studied. Five of these isolates were able to mitigate N,O emissions in aqueous medium. When
wheat plants grown in pots were inoculated with these isolates, they were found in higher
numbers near the roots, a zone known as hotspot for higher denitrifying activity, where they
probably use the organic rhizodepositions as carbon and energy source. When inoculated in
pots with growing wheat, an isolate related to Agrobacterium sp., was able to reduce up to 36%
of N,O emissions in nitrogen flushed environment (reduced oxygen atmosphere) while another
isolate, related to Alcaligenes sp., reduced up to 54% of N,O emissions in ambient atmosphere.
It is suggested that such bacteria, applied to agricultural crops, are potentially able to reduce
N,O emissions caused by native bacteria, minimizing harmful impacts to the environment.
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Interactions between humic acid and organic contaminant in soil
and their effect on the electrical properties of soil

Gal Zakail, Katya Arnold! and Nimrod Schwartz!

1 - Department of Soil and Water Sciences, The Robert H. Smith Faculty of Agriculture, Food and
Environment, The Hebrew University of Jerusalem, Rehovot 76-100 (gal.zakai@mail.huji.ac.il)

In recent years the electrical properties of soil contaminated by organic pollutants is studied
since it is required for the utilization of electrical methods for the detection of organic pollutants
within the subsurface. Due to the strong interactions between organic contaminants (OC) and
soil organic matter (OM), it is expected that soil OM will influence the electrical properties of OC
soil. In this work, we attempt to quantify the relationships between soil OM, soil OC and the
electrical signature using the spectral induced polarization (SIP) method.

We use red sandy soil (Hamra), removed the natural soil OM and prepared the following
treatments: (1) soil with NaCl solution (control), (2) soil with humic acid solution, (3) soil with
paraquat and NaCl solution and (4) soil with paraquat and humic acid solution. All the solutions
were prepared with the same electrical conductivity. The soils (with constant water content)
were pack in plastic tubes, and electrical measurements were taken 24 h after packing.

Our Preliminary results show that humic acid has no significant effect on the soil polarization.
The effect of paraquat in the low-frequency range is similar to the effect of other organic cations
that was reported in previous studies.

Our next step is to examine the interactions between different types of organic matter and
different groups of organic contaminants in different amounts. This will provide a better
understanding of the interactions between soil OM and soil OC and their influence on the
electrical properties of soil and will advance our ability to detect organic contaminants in the
subsurface.
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Root microbiome response to treated wastewater irrigation
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Irrigation with treated wastewater (TWW) is becoming major and essential component of
agricultural practice in increasing parts of the world. Often, TWW irrigation results in
unexplained undesirable effects on plants. These effects may be mediated, repressed or even
additively enhanced by the plant root microbiome. In this study, we aim to further characterize
the root microbiome structure and function response to TWW irrigation.

Rhizosphere (soil) and rhizoplane (root surface) microbiome structures were examined in
lysimeter experiment in which tomato and lettuce plants were grown in two soil types and
irrigated with either freshwater (FW) or TWW. Results indicated that rhizosphere bacterial
communities were largely determined by soil type and irrigation treatment. However,
rhizoplane communities were mainly affected by irrigation water type and the host plant.

Irrigation with water of different qualities also modify the microbial community function.
Rhizoplane microbial functional profile correlated with soil pH, electrical conductivity and total
organic matter. An increase in expression of genes involved in inorganic ion transporters in
communities on roots of both plants when irrigated with TWW suggests that controlling sodium
flux is an important function required for TWW root associated bacteria. Increased expression of
genes involved in anaerobic pathways, such as denitrification and nitrogen fixation, suggest that
TWW irrigated roots are more anoxic niche compared to that of FW irrigated roots.

As root surface microbiome is exposed to the same environmental conditions as the plant roots
themselves, the microbiome response to environmental stresses can elucidate on the factors
that impact the plant itself.
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K-dioctahedral micas 1M: FTIR features and identification criteria
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Isomorphous cation substitutions in the tetrahedral and octahedral sheets typical for micas in
general are especially diverse in low-temperature potassium dioctahedral micas. K-dioctahedral
1M micas, which are abundant in various geological environments, form two intersecting
isomorphous series: (a) Fe-poor varieties range in composition from (Mg, Fe)-poor illite to
aluminoceladonite through Mg-rich illite, and (b) Fe-bearing varieties, from illite to celadonite
through Fe-illite, Al-glauconite and glauconite. The high degree of crystal-chemical
heterogeneity, as well as the ambiguity in conventional nomenclature, complicate the
identification of these mica varieties.

Fourier-transform infrared (FTIR) spectroscopy provides important diagnostic information,
which complements the compositional and XRD identification criteria for 1M K-dioctahedral
micas. A new approach to the interpretation of the FTIR spectroscopy data involving
relationships between band positions and cation composition provides distinguishing features
that include the band positions and profile in the regions of Si-O bending, Si-O stretching, and
OH-stretching vibrations.

In series (a), FTIR data allow unambiguous identification of illite and aluminoceladonite, which
are often confused based on superficial interpretation of XRD data. Specifically, a sharp
maximum from the AIOHMg stretching vibration at ~3600 cm™, the presence of a MgOHMg
stretching vibration at 3583-3585 cm™, as well as characteristic band positions in the Si-O
bending (435-439, 468-472, and 509-520 cm™) and stretching regions (985-1012 and 1090-1112
cm™) are typical of aluminoceladonite. Distinguishing between Mg-poor and Mg-rich illites
based solely on FTIR data appears problematic, but the position of the Si-O bending modes and
the maximum absorption in the region of OH-stretching vibrations may serve as additional
criteria. Regression equations relating the band positions in the Si-O bending region with the
contents of tetrahedral Al, octahedral Al and octahedral Mg allow evaluation of the contents of
corresponding cations in illites and aluminoceladonites with esd’s of 0.06, 0.075 and 0.05
cations per half formula unit (phfu). According to FTIR characteristics, the series (b) micas are
divided into 5 groups differing in the value of Ka=Al/(Al+'Fe®"), where Al and “'Fe*" are the
amounts of Al and Fe* octahedral cations phfu: Fe-bearing Mg-rich illites (K, ~ 0.9); Fe-illites
(0.65 < K, < 0.75) and Al-glauconites (0.5 < K, < 0.6); Al-glauconites (K, ~ 0.5); glauconites (K, <
0.5); celadonites (K4 <0.2). FTIR data allow not only unambiguous identification of Fe-bearing
Mg-rich illites and celadonites but also distinction between Fe-illites and illites proper, as well as
between Al-glauconites and glauconites. On the other hand, Fe-illites and Al-glauconites have
similar FTIR features but differ in cation composition and unit-cell parameters variation ranges.
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Self-regenerating clay biocomposites for formaldehyde
remediation
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Formaldehyde (FA) is carcinogenic even in small doses, and is found everywhere in our
environment, from consumer products to industrial waste. For FA wastewater, physicochemical
remediation technologies are still too costly or inefficient; bioremediation is cheap and efficient,
but the low pH and high FA levels in wastewater make it inapplicable. We use a polymer-clay
composite as a support for FA-degrading bacteria, which can be used as a comprehensive
solution for treatment of FA wastewaters: the clay buffers the pH of wastewater to a level fit for
biological processes. The clay is coated with a polymer that reversibly binds FA from
wastewater, reducing bulk FA concentrations to below the toxicity threshold of FA-degrading
bacteria. The bacteria are immobilized on the polymer-clay composite for protection and
process stability; as they degrade the soluble FA, they induce the release of adsorbed FA,
creating a sustainable self-regenerating bioremediation system for FA wastewater.
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