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Message from the Head of A.R.O
Prof. Eli Feinerman

Since its foundation in 1921, the Agricultural Research
Organization, Volcani Center, has served as Israel’s leading and
largest center of excellence for agricultural research.
In fact, Volcani Center is regarded as one of the leading agricultural research
institutes in the world, renowned for its unique ability to carry out
multidisciplinary collaborations within one research organization and
lead innovative, cutting-edge scientific breakthroughs in both basic and
applied research. The products of Volcani research are recognized all over
the world, and serve as a model for international scientific and agricultural
activities.
Due to its team of world-class scientists and proven track record of
success, Volcani Center recently won the prestigious 2016 UNESCO
International Prize for Research in the Life Sciences. The prize committee
stated (among other things) that: “The institute [Volcani] has successfully
developed cutting-edge innovations and methodologies in agricultural research with practical applications
as well as capacity building programs to promote food security in arid, semi-arid and desert environments,
advancing human well-being.”
At the forefront of developing agricultural knowledge and cutting-edge solutions, Volcani has demonstrated
great innovation and a remarkable capacity to overcome immense local and global challenges. One key challenge, familiar to many, has been ‘making the desert bloom’, which has taken on a new sense of urgency and importance in the 21st century. In the face of climate change and the pressures of desertification, two of the most
pressing challenges faced by our generation around the world today, Volcani scientists are working to devise
solutions for arid and semi-arid area agriculture, to render the desert and wilderness fertile and to ensure sustainable livelihoods for farmers in Israel and beyond.
The current Volcani-Voice focuses on arid and semi-arid agriculture in the Negev Desert of Israel. The nine research reports of Volcani scientists, highlighted herein, provide an insight into a wide and diverse range of progressive methods and technologies that will enable the viability of sustainable agriculture. I wish you an enlightening, enriching and most enjoyable reading.

Volcani has demonstrated great innovation and
a remarkable capacity to overcome immense
local and global challenges.
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Message from the Editors

Agriculture in Arid and Semi-arid Regions
Arid

and semi-arid regions are
growing world-wide due to
climate change, overgrazing,
deforestation, drought and improper/inappropriate agricultural
techniques. Traditionally these
areas produced low yields and
poor quality food; however, to
sustain existing human populations,
food production must become
more intense. In Israel, 60% of the
land is the Negev Desert. However, Israel is the only country in the
world where the desert is receding; in fact, the U.N. Development
Program called Israel “one of the driest, but agriculturally most
successful, countries of the world.”
Researchers at the Gilat Research Center of the Agricultural
Research Institute, which is on the edge of the Negev Desert,
work to develop new and progressive technologies that will
enable the flourishing of agriculture under these arid conditions
and fulfill David Ben Gurion’s dream of ‘making the desert bloom’.
These scientists work to meet the challenges of the changing desert environment by engaging with farmers to understand their
needs and looking for beneficial qualities in plants.
Irrigating the desert must be accurate and economical. Lack of
water will cause a reduction in crop yield; however, overwatering
may cause excessive salinity of the soil and other types of damage.
For this reason, scientists are devoting much effort in studying and
defining the optimal amount of water for each crop, when to irrigate with different types of water – e.g. saline, brackish, desalinated – and how to achieve the best irrigation results. Since crops
are not just irrigated, but ‘fertigated’ – fertilizer added to irrigation
water - fertilization must also be carefully studied because this
impacts the quality and quantity of the crop, especially in poor
desert soils. Precision agriculture, especially in dry-land crops, allows greater yields and can significantly improve harvest quality.
Beyond the agritechnical aspects of crop production, other Gilat
scientists are working to isolate plant bio-stimulants, which will
help plants protect themselves against biotic and abiotic stresses
of the desert. Furthermore, the quality of the crops grown in arid
environments is subtly different from crops grown elsewhere and
by careful biochemical analyses, biologically active compounds
can be identified in functional foods. Finally, in-spite of the vari-
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ous improvements to plants growing in arid and semi-arid environments they are still vulnerable to a wide variety of pathogens
and pests which must be managed in innovative and non-chemical tactics.
In this issue of Volcani Voice, ten researchers from the Gilat Research Center of the Agricultural Research Organization present
their recent varied and diverse research in agriculture in arid and
semi-arid environments of the Negev Desert. These researchers
are continuing a long established tradition of conveying Israeli
know-how and technology to the world; especially critical at this
time of global climate change and increasing desertification.

Dr. Phyllis G. Weintraub
Dr. Phyllis Weintraub is a senior researcher in the Department of
Entomology, The Agricultural Research Organization, Gilat Research
Center. Her research focuses on biological and physical control of
arthropod pests, and management of insects transmitting plant
pathogenic bacteria. She has authored over 150 articles and
book chapters in the academic and popular press. Dr. Weintraub
is currently the Editor-in-Chief of the Journal of Insect Science and
has served as editor for 8 books and proceedings.
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Message from the Head of the
Gilat Research Center
Dr. Uri Yermiyahu

The Gilat Research Center is physically located at the northern edge of the Negev Desert – a region
covering more than half of the State of Israel. Gilat’s strength lies in the multi-disciplinary nature with
researchers, representing most Institutes of the A.R.O. As such, there is inter-disciplinary collaboration
for many research projects as we work on arid and semi-arid agricultural issues including: abiotic stresses
from extreme desert climate, poor quality irrigation water, and soil degradation.
Within the Gilat Research Center, we have stablished a virtual institute: the Center for Agriculture in Arid
Areas. We will be able to scale up our impact, not only for local growers and the State of Israel, but also
for the world. This allows unparalleled opportunities to expand the scope of Gilat’s research activities
and disseminate this knowledge to the agricultural sector through national and international seminars,
training courses and scientific conferences. Without a doubt, knowledge coming from Gilat will have a
sustainable impact and will benefit generations to come.

Dr. Uri Yermiyahu is a Senior Researcher at the Agricultural Research Organization (Volcani Center) of
Israel. His PhD is from The Hebrew University of Jerusalem. Dr. Yermiyahu currently serves as the head of
the Gilat Research Center and is the founder and director of the ICL-ARO Center for Fertilization and Plant
Nutrition. Dr. Yermiyahu’s research interests focus on plant nutrition and fertilization of crops. His contributions include understanding influences of plant nutrition on biotic and abiotic stress causing factors,
mineral requirements in agriculture in desert environments, salinity and toxicity in plants, and managing
nutrients as a function of irrigation water quality. He has worked with brackish, recycled and desalinated
water and with horticultural crops ranging from fresh herbs and flowers to vegetables and fruit trees.

Without a doubt,
knowledge coming from Gilat
will have a sustainable impact
and will benefit generations
to come.
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ANSWERapp – a Coupled Agronomic and Economic
Decision Support Tool for Irrigation with Water as a
Function of its Salinity
By Alon Ben-Gal
Complexities involved in
physical-biological processes often make science-based
considerations difficult for
farmers and other agricultural decision makers. Volcani
researchers bring science to
the field via an economic decision making tool concerning utilization of water as a
function of salinity.
Keywords: Irrigation, water quality, decision support application

crop response to salinity with economic calculations of farm based
costs and benefits to build an application that determines profitability of irrigation of various crops as a function of water salinity. The
coupled model is implemented in a user-friendly menu- and webbased platform (http://app.agri.gov.il/answerapp/). The application
is available in both Hebrew and English and allows calculations in
Israeli or international units of area and currency (Figure 1).
The model (ANSWER: ANalytical Salt WatER) inputs characterize
the relevant physical (soil hydraulic properties, weather), biological (crop response to water and salt), management (applied water salinity and quantity), and economic (yield value, yield determined and static expenses, capital return, water pricing, farm unit
size, etc.) parameters (Figure 2, Figure 3).

Figure1. Entrance page to ANSWERapp. http://app.agri.gov.il/AnswerApp/

The use of non-traditional sources of water for irrigation is on the
rise, especially in dry regions, but there are few tools enabling
decision making and consideration of feasibility of water according to its quality based on both crop response and economics.
Evaluating benefits of leaching salts when irrigating with low
quality water is challenging due to the complexities of water and
salt behavior in soil-crop systems and due to diverse and changing
economic realities. We combined a biological-physical model for
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Figure 2. Screenshot of ANSWERapp evaluating yield for date palm as a
function of irrigation water salinity and quantity. November 2017.

The application returns yield and net profit data for scenarios of
interest and allows consideration of the environmental repercussions of economic decisions through calculation of leachate carrying excess water and salts out of the root zone (Shani
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variables affecting crop profitability, combining both solid agronomic, biological and physical understanding of crop growth and
response processes with sound economic data and considerations. We suggest that the application, in spite of certain limitations due to its basic assumptions – especially that of steady state
conditions, represents a powerful first order tool for agricultural
water management decision making when parameterized wisely
for any particular question of interest. Potential users are encouraged to visit the web site and to be in touch with us concerning
questions or problems or requests. q

Figure 3. Screenshot of ANSWERapp evaluating profit for date palm as a
function of irrigation water salinity and quantity. November 2017.

et al: al 2007; Ben-Gal et al., 2008). Values of input parameters,
whether regarding environment and crop or economics, are easily
changeable in order to allow specific consideration of any case or
scenario. The application therefore has a wide range of potential
uses and value for decision makers from farm to regional scales.
Two case studies have been published that demonstrate the app’s
potential. In the first (Kaner et al., 2018) the application is used to
determine how to maximize profits in production of either bell
peppers grown in greenhouses or date palm plantations in Israel’s
Arava Valley. In this study, sensitivity to irrigation water salinity and
application rate, market pricing, potential yield and water price
scheduling were considered.
In a second study and publication (Kaner et al., 2017) the economic
feasibility of investment in farm- or community-scale desalination
plants to supply high quality water as an alternative to irrigation
with brackish water was evaluated. Profit for five crops (peppers,
dates, grapes, parsley, corn) at water prices dictated by the Israel
Water Authority, was determined as a function of water amount
and salinity. The predicted profit from production of high-value,
salinity-sensitive crops, like grapes and parsley, irrigated with either pure desalinated or desalinated blended with locally available brackish water was found to be high enough to justify desalination for agriculture at prices expected in the market today, at
least for mid- to large-capacity scale plants (> 1 MCM/yr).

BIBLIOGRAPHY
ANSWERapp: http://app.agri.gov.il/answerapp/
Ben-Gal, A, Ityel, E, Dudley, L, Cohen, S, Yermiyahu, U, Presnov, E, Zigmond, L, & Shani, U. 2008, ‘Effect of irrigation water salinity on transpiration and on leaching requirements: A case study for bell peppers’,
Agricultural Water Management, vol 95, pp. 587-597.
Kaner, A, Tripler, E, Hadas, E, & Ben-Gal, A 2017, ‘Feasibility of Desalination as an alternative to irrigation with water high in salts’, Desalination, vol 416, pp. 122-128.
Kaner, A, Tripler, E, Hadas, E, & Ben-Gal, A 2018, ‘Agronomic-economic
coupled decision support application for irrigation with water containing salts’. Advances in Agricultural Systems Modeling, vol 6, in
press. ASA-CSA-SSSA, Madison, WI.
Shani, U., Ben-Gal, A., Tripler, E., and Dudley, L. M. (2007). Plant response to the soil environment: An analytical model integrating
yield, water, soil type, and salinity. Water Resources Research 43, 8094.
doi:10.1029/2006WR005313.

Alon Ben-Gal
Department of Environmental Physics and Irrigation, Institute of
Soil, Water and Environmental Sciences, Gilat Research Center.
Dr. Alon Ben-Gal is a senior researcher in the Department of Environmental Physics and Irrigation, Institute of Soil, Water and Environmental Sciences, The Agricultural Research Organization, Gilat
Research Center. His research and expertise include: irrigation of
crops; agricultural utilization of saline water and of recycled wastewater; optimization of water under irrigation in arid regions; plant
response to environmental stress conditions; and flow and transport of water and solutes in the vadose zone. Alon is the author of
over 90 peer reviewed journal articles and book chapters.

The coupled model and its application was demonstrated in both
cases as an effective tool to evaluate the sensitivity of any or all
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Traditional and Precision Agriculture Approaches
for Rain-fed Field Crop Improvement
David J. Bonfil
ABSTRACT
Dryland or rain-fed agriculture requires special
considerations to produce
high-yielding crops. A multi-year trial measuring yield
from different planting (e.g.
continuous wheat, wheatfallow) and tillage (no tillage, conventional) practices
has been enhanced with oncombine yield and protein detection systems. Precision agriculture prevents under or over fertilization
and yields consistent wheat quality.
Keywords: Rain-fed wheat, precision agriculture

RAINFED AGRICULTURE
Yields of dryland crops are limited by rainfall. Long-term, rotationtillage-fertilization research was started in 1975 at the Gilat Research
Center, located in the northern Negev desert. The planting practices
for each season are: spring wheat-fallow and continuous wheat systems; the tillage practices for both planting regimes are: no tillage
(NT) and conventional tillage (CT). Figure 1 shows the main results:
the highest yield was with a rotation of wheat-fallow and NT.

Fig. 1. Average grain yield of rain-fed wheat at Gilat long-term experiment, 1994-2017. CW: continuous wheat, WF: wheat-fallow, CT: continuous tillage, NT: no tillage
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During the years when there was little rain during the grain filling
stage, NT increased grain weight and quality, in addition to the total grain yield. During the fallow period, there was increased water
infiltration in comparison with continuously grown wheat. However, during the summer most of the water evaporated, especially
in the upper soil layer.
Uncultivated soil with straw mulch increased water content during the growth period in the upper soil layer, and permitted a
deeper root systems that could utilize deeper water. Therefore,
it was concluded that arid zones (less than 200 mm annual precipitation) can be arable with no-till in wheat-fallow rotation, as it
increased the rain use efficiency and grain yield.
As this long-term experiment is the only one in Israel, data can be
used for many purposes in addition to the agronomic conclusion
per se. Our results clearly support the long-term advantages of
adopting NT practices, where plant residues create a protective
cover on the soil surface. In rain-fed arid regions NT allows better rainwater utilization and soil aeration, enhanced soil organic
carbon content, and increased yields.

PRECISION AGRICULTURE
Environmental constraints and economics are forcing farmers to
be increasingly precise in determining the rate and date of nitrogen fertilizer application to crops. Insufficient nitrogen (N) reduces
wheat yield and profit, while excessive N results in wheat plants
that are susceptible to water deficiency, disease and lodging, with
consequently reduced quantity and quality of yield. Over the last
few years, several applications of precision agriculture - site specific management (SSM) - in wheat fields have been tested and developed. A protein sensor, capable of measuring grain quality was
expanded in function by including grain test weight data. Based
on this sensor, new precision N management, without soil sampling, has been developed. During harvest, on-combine sensors
monitored the grain yield and protein content every few meters.
Thereafter, the algorithm calculated how much nitrogen should
be applied to specific regions of the field, prior to sowing (Figure 2). Hence, few minutes after harvest the next fertilization map
is available, without any more work or expense. This new SSM increases grain yield, quality and profitability in rain-fed wheat.
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for protein content, wet gluten, sedimentation, and other parameters as well as loaf volume and more. This research smells and
taste great (Figure 3). q

Fig. 2. Basing site-specific N application on N removal by the previous
crop, Darker colors represent higher levels.

The grain protein levels increase as N availability increases, but the
question arises of how much N is required to produce both high
yields and acceptable protein? Several studies have found that a
better temporal application of N during the wheat season significantly improved the bread-making quality. We used remote sensing data to develop a quantitative relationship between wheat
field light reflectance and crop physiological parameters (Bonfil
2017). In a corresponding study, a simplified decision support system (DSS) to ensure high wheat yield has been developed. The DSS
correctly forecasts grain quality parameters in about 80% of the
plots and fields; thereby reducing the harvest of low-quality grain,
and ensuring high-quality grain production. At present, the DSS
study focuses on a farm-regional-national scales based on multispectral satellite sensors. Growers have started to use all these new
precise management applications.

WHEAT QUALITY
Several variables determine wheat quality, including physical grain
properties, protein concentration and composition, and starch
content. However, seed storage protein concentration is the most
important property for baking-quality. Wheat protein quality, as
measured by the gluten index, has been found to be highly influenced by: wheat variety, environmental factors (amount and time
of rain fall), management factors (sowing date, soil management),
and their interactions (Bonfil et al., 2015). It has been suggested
that gluten index be used with caution as its values are also affected by milling date. Hence, a better understanding of the interactions among the above factors would enable better precision
agriculture to ensure highest grain quality.
In Gilat, several field experiments are sown every year, and grain
from each is milled to produce white wheat flour from different
varieties of wheat and spelt. The grain and the flour are analyzed

Fig. 3. Breads representing different cultivars and quality.

BIBLIOGRAPHY
Bonfil, DJ, Abbo, S, & Svoray, T 2015, ‘Sowing date and wheat quality
as determined by gluten index’, Crop Science, vol 55, pp. 2294–2306.
Bonfil, DJ 2017, ‘Wheat phenomics in the field by RapidScan: NDVI vs.
NDRE’, Israel Journal of Plant Sciences, vol 64, pp. 41-54.

David Bonfil
Department of Vegetables and Field Crops, Gilat Research Center.
David J. Bonfil is a senior scientist at the Agricultural Research
Organization, Department of Field Crops and Natural Resources,
Gilat Research Center. Bonfil’s main research areas are: crop management (rotation, no-tillage, mineral nutrition, weeds etc.) to
improve rain fed field crops facing climate change; precision agriculture tools (site specific managements, variable rate application,
GIS layers, multi-spectral remote sensing, decision support systems) for developing new fertilization managements to increase
wheat grain yield and quality for semiarid regions; and wheat
grain quality as affected by the genotype-environment interaction. David has published more than 50 reviewed papers and the
same number of publications in Hebrew.
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Cultivation of Olive (Olea europaea L.) with Brackish
Water Under Extreme Desert Conditions
By Arnon Dag and Alon Ben-Gal
ABSTRACT
Olives originated in the Middle East and have been commercially
planted in vast areas of the Negev Desert; however, water quality
can be a factor in olive crops. Research using variable quantities
of a range of saline water has demonstrated that leaching can occur
in the root zone and produce high-yielding and good quality olives for
table consumption and oil production.
Keywords: Olive oil, brackish water, crop yields
Olives are grown for table consumption and for oil production.
The consumption of these products continues to increase
consistently due to rising awareness of their gastronomic and
health-promoting properties. Olive trees are typically grown
under Mediterranean climatic conditions; however, with irrigation, they can grow successfully in many arid areas (Figure 1).

consumed in evapotranspiration, traveling downward through the
root zone and enabling the washing out of salts. We grew young
bearing ‘Barnea’ olive trees in 2.5 m3 weighing-drainage lysimeters
over three seasons and studied their response to irrigation-induced
salinity. The trees were irrigated with five water salinity (ECi) levels
from 0.5 to 11.0 dS/m, representing a range from water with very
low concentration of salt to water with salinity considered extreme
for agriculture. One salinity level (ECi=5 dS/m) was employed under five leaching levels ranging from almost no leaching to nearly
half of applied water going to leaching. Increasing root zone soil
salinity decreased tree water consumption and tree size (Fig 3).

Figure 1. Commercial olive orchard in the Negev Highland

In arid areas, fresh water is scarce and frequently only water high
in salts is available for irrigation. Most prior studies published
on salinity and olive were conducted using young, non-bearing
plants. Our research using lysimeters (Figure 2) allowed quantification of the response of olive to salinity caused by irrigation
water (Figure 3). Salinity of a solution is commonly measured as
its capacity to conduct electricity (electrical conductivity, EC). The
leaching fraction (LF) is the relative amount of irrigation water, not

10 VOLCANI VOICE

Figure 2. The lysimeters used to assess olive tree response to salinity.

The response to increased salinity did not demonstrate any sign
of a threshold value and was not differentiated by the cause of
salinity, be it changes in input irrigation water salt concentrations
or changes in leaching fraction. Fruit yield also decreased with
increasing salinity, albeit with less drastic effects.
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Our results indicate that olives can be grown successfully while
irrigating with water having moderate salinity. However, growers need to apply water at rates above the tree consumption to
ensure salt leaching from the root zone. Despite the high water
requirement and salt hazard, there are advantages to production
of olives in the desert. The low humidity reduces infestation with
diseases like ‘Peacock Eye’ (Spilocaea oleaginea), the high summer
temperatures reduce infestation with the olive’s major pest, Olive
Fly (Bactrocera oleae), and furthermore, the low annual rainfall allows harvesting without interference.
In conclusion, with proper management, olive can be a good
choice as a profitable crop in arid areas, even when available water is of low quality. q
Figure 3. Olive tree production as a function of root zone salinity presented as averaged saturated paste soil extract electrical conductivity (ECe).
Symbols are data from lysimeters and the line represents a mathematically modeled response function. From Ben-Gal et al., 2017.

Results from the lysimeter experiment revealed the importance
of salinity management and salt leaching when irrigating with
low quality water and suggested that when salinity is isolated as a
variable determining tree response, its reduction can bring about
increased tree performance and yields. The experiment also led to
better understanding of the importance of roots, their growth and
turnover as mechanisms for salinity tolerance (Soda et al., 2017).
A long-term test of different olive cultivars conducted under desert conditions at the Negev Highland R&D Center discloses some
different results, suggesting commercial potential for the irrigation of olives with brackish water. Differences in oil production
were found between cultivars grown, without consistent reduction of yield following irrigation with water relatively high in salts
(Figure 4).

BIBLIOGRAPHY
Ben-Gal, A, Beiersdorf, I, Yermiyahu, U, Soda, N, Presnov, E, Zipori, I.,
Ramirez Crisotomo, R & Dag, A 2017, ‘Response of young bearing olive
trees to irrigation induced salinity’, Irrgation Science, vol 35, p 99.
Soda, N, Ephrath, J, Dag, A, Beiersdorf, I, Presnov, E, Yermiyahu, U, &
Ben-Gal, A 2017, ‘Root growth dynamics of olive (Olea europaea L.)
affected by irrigation induced salinity’, Plant Soil, vol 411, pp. 305-318.

Arnon Dag
Department of Fruit Tree Sciences, Gilat Research Center.
Dr. Arnon Dag is Senior Researcher the Department of Fruit Tree
Sciences, Institute of Plant Sciences of the Agricultural Research
Organization. He obtained his M.Sc. degree from Tel Aviv University and his Ph. D. degree from The Hebrew University of Jerusalem’s
Faculty of Agriculture in Rehovot. He worked for 10 years in the
Extension Service of the Ministry of Agriculture before joining the
ARO as a researcher. His main research interest is pomology under
semi-arid conditions and especially olive biology and cultivation
with special attention spent on olive – soil - water relationships.
His research activity has resulted in more than 45 papers related to
olives in peer review journals since 2008. Dr. Dag also served as the
Scientific Director of the Regional Research Center- ‘R & D South’.

Alon Ben-Gal
Department of Environmental Physics and Irrigation, Institute
of Soil, Water and Environmental Sciences, Gilat Research Center.
Figure 4. Average olive oil yield per year of different varieties grown with
low salinity (EC 1.2 dS/m ) and brackish water (EC=4.5 dS/m) in Ramat
Negev, 2002-2012.
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Amino Acid Derivatives as Plant Growth Enhancers
Under Desert Conditions
Liron Klipcan
ABSTRACT
Crops grown in the desert
face many stress factors including water quality and
quantity, and excessive heat
which causes morphological
and physiological changes in
the plants. There are a number of products available in
the market to enhance and
strengthen plants, but many
make spurious claims of efficacy. In this work, rational and
logical approaches are put forward for testing the efficacy
and mode of action of bio-stimulants under standardized,
controlled conditions.
Keywords: Bio-stimulants, stress reducing, amino acids
Feeding a growing world population, which is projected to reach
more than 9 billion by 2050, may require the doubling of food
production. Desertification and abiotic stresses have become a
global concern, which seriously affect plant growth and crop productivity by causing a series of morphological, biochemical, and
molecular changes. One of the most innovative approaches to
address these challenges consists of the use of plant bio-stimulant materials, which “in minute quantity promote plant growth”.
Bio-stimulants offer a revolutionary approach for the control of
physiological processes in plants to stimulate growth, to mitigate
stress-induced limitations, and to increase yield.

Figure 1. Plant bio-stimulants (growth enhancers), are a diverse classification of substances that can be added to the environment around a plant
and have positive effects on plant growth.

There are now are several kinds of proposed bio-stimulant products in the market place including: 1) Microorganisms applied to
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seeds, plant surfaces, or soil containing living materials that promote plant growth, 2) Humic substances that play a vital role in
soil fertility may also protect plants from biotic and abiotic stress,
3) Seaweed containing identifiable amounts of active plant hormones, and 4) Stimulation and stress protection as a result of application of protein hydrolysate that enrich different amino acids
and short peptides (Figure 1). The general analysis of such complex mixtures of compounds has been shown to contain a wide
variety of molecular components. The minute quantities of such
compounds and their plant stimulatory effects appears to be distinct from the nutritional effect of an additional nitrogen source.
Thus, positive plant responses to bio-stimulators suggests that
they induce changes in gene expression and activate long-term
protection.
Unfortunately, most claims of bio-stimulatory effect of certain formulation do not prove that it occurs; they only demonstrate that
a crude extract of a number of compounds suspected to be plant
growth stimulants causes some effect. Fundamentally, to prove
bio-stimulation, we must: 1) identify one or more compounds
produced/found in the formulation, and 2) determine whether
the compound(s) are found in sufficient quantity to be biologically active. Therefore, we need a biologically based explanation
for the established stress-protective effects of some compounds
in order to develop commercial products that operate in a predictable manner based on observable physiological reactions.
In order to develop new products, it has become increasingly
evident that understanding the mode of action is one of plant
sciences’ greatest challenges, and recent technological improvements have brought major breakthroughs in the area. If one or
more gene marker displays a significant differential expression
after the application of a bio-stimulant in comparison with untreated control, then it is possible to hypothesize a role of that
compound in the physiological process(es) in which the gene(s)
is/are involved. More generally, in vitro assays may also be useful tools to speed up the process of preliminary screening. Here,
plants are germinated under sterile conditions in petri dishes (see
Figure 2), on a solid medium in a chamber, where light and temperature parameters can be modulated and monitored. Ac-
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cording to the plant model, bio-stimulant formulations are
added either to the solid medium at different concentrations to
evaluate dose-effect response curve. Such experimental conditions allow us a fast screening of prototypes on plants, eliminating
the influence of soil and other environmental parameters, including competition with fungi and bacteria. For example, it is possible to perform in vitro tests using Arabidopsis seeds (the ‘lab rat’
of the plant world) while formulation may be included into the
medium, in order to evaluate the bio-stimulant effect in relation
to untreated controls.
The goal of our research is to identify specific compounds which
enhanced tolerance to stress which allow plants to overcome adverse environmental conditions of the elevated climate. Our working
hypothesis is that using rational approaches we will enable identifying specific molecules which serve as plant growth enhancers. We
focus on amino acids and non-protein amino acids (NPAAS). There is
considerable evidence that application of a number of NPAA-based
products can provide protection from environmental stresses. Amino acid stimulatory effects appear to be distinct from the nutritional
effect of an additional nitrogen source. Studies with individual amino
acids offer insights into their activity as signaling molecules and suggested that they trigger changes in gene expression and activate
long-term protection mechanisms.

In future, we plan to identify which cellular processes are affected in
the plants by using global ‘transcriptome’ and ‘metabolome’ profiles
of plants treated with selected compounds. The advanced “omics“
tools, which are available for A. thaliana will facilitate such functional
analysis. We will further attempt to establish the optimal compound
formulation and check effectiveness of the active moieties in the
commercial field crops and greenhouse-grown vegetable

Liron Klipcan
Department of Vegetables and Field Crops, Gilat Research Center.
Dr. Liron Klipcan has completed his PhD in Department of Structural Biology at Weizmann Institute of Science and postdoctoral
studies in Medical Research Council in Cambridge UK. Since 2016
he is Research Scientist in the Institute of Plant Science at Agricultural Research Organization, The Gilat Center. His research group
is implementing multidisciplinary expertise in macromolecular
chemistry, agrochemistry and plant biotechnology.

Figure 2. The enhancing effects of certain NPAA on Arabidopsis thaliana
and on Eragrostis tef.

From the literature we established a simple chemical database resource that contain potential amino acids and their derivatives that
induce growth and protect against stress. Our preliminary data clearly indicates that some amino acid analogues have effective roles as
bio-stimulants (Figure 2), but these represent only a tiny fraction of
the molecules that should be produced, screened and assayed for
their effectiveness as bio-stimulants, and analyzed for their specific
mode of action and their stimulatory function in different plants (i.e.
monocotyledons, dicotyledons, and different crops species).
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New and Unique Sensor for Early Detection of
Huanglongbing: Citrus Greening Disease in the
Western Negev
By Eran Raveh
ABSTRACT
Ninety percent of lemons in
Israel are grown in the Western Negev; and 40% of the
total citrus. Lemons flush 4-5
times a year, meaning that
young shoots are produced
often. These tender shoots
are the most vulnerable to
the insect that transmits the
citrus greening pathogen,
which is now moving eastward from Portugal. The results presented here are a new means of early detection
of citrus greening to protect this vulnerable crop.
Keywords: Bio-stimulants, stress reducing, amino acids
The Gilat Citrus laboratory is working on different aspects related
to citrus responses to abiotic stress and pathogens. Due to water
shortage and drought years, most of the orchards in Israel, particularly those in the Western Negev, are exposed to water stress
and salinity. As a result, the research involves the development of
applied tools to cope with salinity, fertilization, root stock-scion
interactions, and long-term effects of irrigation with wastewater
and/or desalinated water (Raveh et al., 2015a). The second aspect
of the citrus laboratory work involved the development of a sensor for early detection of infected citrus trees.
Citrus greening disease was originally named by the Chinese huanglongbing (HLB), literally meaning ‘yellow dragon disease’ because
of the long branches that grow on the tree (Figure 1A), but also
causes leaves to look blotchy (Figure 1B) and produces deformed
fruit (Figure 1C). The disease is caused by a phloem-limited bacteria,
Candidatus Liberibacter asiaticus, that is transmitted from infected to
healthy trees by a small insect, Diaphorina citri, the Asian citrus psyllid. The original distribution was in tropical Asia, but it has spread to
Africa and from South to North America. It is now confirmed in Portugal and it will only be a matter of time before it spreads throughout the Mediterranean basin, but we are working proactively.
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Figure 1. A. an infected tree showing ‘dragon tail’ branches and B. blotchy
leaf. C. deformed fruit with typical thick skin and asymmetrical appearance.

Phloem and xylem vessels are like the arteries and veins in humans; simply put, phloem moves the photosynthesis products
(sugars, starches and minerals) to storage areas and xylem moves
water from the roots to the leaves. When the bacteria infects a
plant it is inserted by the insect directly into the phloem, multiplying and feeding in the sugar rich environment, and thus changing
the composition of the sugars, starches and minerals (Figure 1B).
These modified sugars accumulate in the fruit resulting in ‘off’ tasting oranges and juice, and eventually killing the tree.
It was known that HLB-infected trees accumulated starch in leaves

Figure 2. Dr. Raveh (on the left) with his UF partner, Dr. Won Suk Lee,
checking HLB-infected trees
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(up to 10 times more than healthy trees) and that starch
can rotate the plane of polarized light. Working with colleagues
at the University of Florida we showed (Pourreza et al., 2015)
that the rotation of polarized light was distinctive from mineral
deficiencies; therefore this could be used to detect early HLB
infections. We developed and tested this system with HLB and
healthy citrus trees (Figure 2). q
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Functional Food, the Food of Tomorrow, From the Negev
By Zipora Tietel
ABSTRACT
Certain foods have health
benefits beyond providing basic nutritional value
needed to sustain life. Some
foods contain compounds
that affect chronic disease,
cardiovascular disease, diabetes, etc. The food scientist
examines components of the
food we eat for these
special beneficial effects. Crops grown in arid and
semi-arid environments are subtly different, containing more or less of certain compounds such as
oleocanthal in olive oil.
Keywords: “Superfoods”, antioxidants, anti-inflammatory, health effects
Much research is carried out in many areas of agriculture, including aspects of plant growth and physiology, plant protection, soil factors, etc. The research conducted by a food
scientist examines the quality of the agricultural product:
what are its components and its effect on our lives and our
health? Hippocrates, the father of medicine, already noted
in 400 BC the connection between food and health: “Let
food be thy medicine and medicine be thy food.” In recent
years, the popular press regularly publishes articles about
studies on the health benefits of various common and exotic foods, and there is great consumer interest, although
contradictions abound. In fact, while today’s consumer is
more aware than ever of the advantages of certain foods,
and is willing to pay a higher price accordingly, sometimes
oversimplified news can lead to confusion.
There is now hard scientific evidence that certain foods have
health benefits beyond providing the essential vitamins
and minerals necessary for the nutritional requirements
of a healthy body. These foods contain specific chemicals
that affect various health aspects, in particular on disease
prevention and management. Examples of diseases that
can be affected by diet such as: chronic diseases, including
cardiovascular disease, diabetes and cancer; diseases of the
immune system and digestive system; and foods can have
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an impact on mood and the aging processes. The most important
diseases are cancer and cardiovascular disease, being the leading
death causes in the western world, in which specific foods can
have important benefits.

FUNCTIONAL FOOD
In addition to various marketing terms, e.g. “superfood”, there
is a scientific term describing the health contribution of these
foods: ‘functional food’. This definition was given by the American
Functional Food Center (FFC) for “Natural or processed foods that
contains known or unknown biologically-active compounds;

Figure 1. Biologically active phytochemicals and their nutritional sources

m

VOLCANI VOICE

Agricultural Research Organization Volcani Center

which, in defined, effective non-toxic amounts, provide
a clinically proven and documented health benefit for the
prevention, management, or treatment of chronic disease”. The
compounds that give these foods their desired properties are
called phytochemicals, that is, chemicals produced by plants.
Sometimes these will have vivid colors: such as, carotenoids
in yellow-orange fruits such as pepper and citrus fruits; as
well as red lycopene in tomato and watermelon; or purplered anthocyanins with blueberries and strawberries. In various
food there are sometimes known groups of such compounds,
including polyphenols which occur in red wine and olive oil,
flavonoids (a subset of polyphenols) which occur in herbal green
teas, and sulfur compounds which occur in cruciferous vegetables
such as broccoli and cabbage. We sometimes even can identify
specific chemical compounds known for their powerful activity,
such as resveratrol in grapes, quercetin in onion, allicin in garlic
and curcuminoids in turmeric. Figure 1 illustrates some of these
compounds (Tietel, 2017).
In this context, it is interesting to note some of the oil crops of health
value including; olive, almond, peanut, sesame and avocado. In addition to the compounds mentioned above, these foods contain
a correct amount of desired mono-unsaturated fatty acids, which
were found to prevent cardiovascular disease, improve blood lipid
profiles and help reduce blood pressure. Nut and seed consumption increases the rate of heat generation in cells, and studies have
shown that moderate consumption of almonds and other nuts not
only leads to weight loss but also helps to maintain it.
It is worth noting that functional food is not necessarily an exotic
food with a stimulating name or surprising appearance. These
are vegetables, fruits, nuts and seeds from which we obtain our
nourishment and are which are beneficial to our health. That is
why it is important to understand the health value of local functional foods. This value might vary due to various agrotechnical
processes and during the postharvest storage, thus it is important
to maintain it, as well as in preserving the health value of food in
the process of creating new varieties.
Our aim, therefore, is to increase functional food intake in nutrition in order to enjoy its health-promoting characteristics. So far
agricultural systems are focusing their efforts in increasing the
amount of food, but my research is to increase the health-promoting properties of food, and specifically the fat-soluble antioxidants
which are present in food in small quantities.

IMPORTANCE OF ANTIOXIDANTS
Although some aspects of our environment are improving, humans are bombarded with cigarette smoke, pollution, and other
toxicants. The properties of antioxidants can promote health by

neutralizing these radical elements. In food there are antioxidants
soluble in water (hydrophilic) and soluble in oil (lipophilic). These
work with our body’s cells, to combat oxidation. Antioxidants are
present in food in small quantities, and plant-based foods are the
richest sources.

ANTI-INFLAMMATORY FOODS
Anflammation is the body’s response to innate or external harmful
stimuli, when a series of biochemical events occur to eliminate the
initial cause and enhance issue repair. Today we know that inflammation plays a role in both onset and mechanism of chronic diseases; cancer, heart disease, diabetes, etc. Certain types of foods
promote health through their anti-inflammatory activity: e.g
curcuminoids in tumeric and oleocanthal in olive oil. These foods
influence key enzymes, combatting inflammation. These valuable
crops must be further manipulated to increase the quantities of
these anti-inflammatory agents.

IN CONCLUSION
Functional food is a food with added health value, and when
consumed will help prevent chronic diseases. This food has an
antagonistic ability against oxidation and inflammation, which
is important for maintaining good health and prevent disease.
Functional foods contain phytochemicals, various types of compounds promoting health, such as, polyphenols and carotenoids.
Many functional foods come from crops grown in the Negev Desert very near the Gilat Research Center. The next challenge for
agriculture in Israel is to create quality crops with high nutritional
and health value, to meet the increasing demand of consumers
for healthier food.
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Epidemiology and Management of Potato Soil-borne and
Tuber-borne Diseases in the Western Negev
By Leah Tsror (Lahkim)
Potato seed tubers imported
from Europe are being used
for the spring crop whereas
domestic seeds for the autumn. Infected seed tubers
are a major source of disease
development during the
growing season and are also a
source for soil infestation. Latent or active infections with
various diseases are prevalent although only certified seeds are used. Current work
is focused on Blackleg and soft rot, Powdery scab and Verticillium wilt.
Blackleg and soft rot Figure 1, caused by Dickeya solani (Ds) (Tsror
(Lahkim) et al., 2013) and Pectobacterium carotovorum subsp. brasiliense
(Pcbr) bacteria, is transmitted by latent infection of seed tubers and might
cause severe economic losses in potato. Pathogen development is favored
by high temperature. Among the objectives of our research: developing a
protocol for laboratory testing latent infections in seed tubers, evaluation
of the prevalence of bacteria in: seed imported from Europe, potato plants
and progeny tubers grown from the imported material in the Negev Region and characterization of the bacterial populations. The presence of Ds
and Pcbr in imported seed material affects yields of the spring and winter
crops in Israel, Figure 2. Pathogenicity of Pcbr strains from imported seeds,
plants and progeny tubers was evaluated using potato tuber maceration
test and other scientific methods.
Powdery scab (Figure 3), caused by Spongospora subterranean, reduces
quality and marketability of seed and ware tubers worldwide. Disease
symptoms include lesions on tuber surface progressing to raised pustules
containing a powdery mass of thick-walled resting spores. The objectives
of the current study were to evaluate the response of major cultivars to
the disease, to study the efficacy of soil treatments at reducing the disease and to assess the potential role of weeds in disease epidemiology.
Screening of economically important cultivars was carried out in field
trials in naturally infested soil, planted at mid-November. Powdery scab
incidence was above 70% in the susceptible cultivars and less than 40%
in cultivars that can be defined as tolerant ones. The efficacy of different
fungicides, applied to soil either as in furrow or broadcast was evaluated
in field trials in naturally infested soil. Disease incidence and severity index
were significantly reduced by fungicides as compared to the untreated
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Figure 1. Detection of latent infections of bacteria in imported potato seed lots

Figure 2. Percent infection by blackleg and soft rot over time.

Figure 3. Powdery scab, Spongospora subterranean
control. The potential role of weeds in the disease epidemiology was
studied by sampling hundreds of weed plants developed in field plots
with history of powdery scab-infected tubers. The presence of the pathogen in the roots of these weed plants was checked by root staining followed by microscopic observation and by RT-PCR analysis; out of 49 species, 11 species were contaminated with the pathogen.
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Potato early dying syndrome caused primarily by Verticillium
dahliae (Vd) is characterized by stunting, chlorosis, and wilting
(Figure 4). As a result, severe reductions of 30% to 50% in yields
may occur, especially under stress conditions. Sustainable management of the disease is challenged by Vd broad host range and
long-term persistence in soil, and the lack of host resistance. Soil
fumigation with metam sodium (MS) applied through the irrigation system is the prevalent control means in Israel. However, MS
fumigation has high costs, it negatively affects the environment
and due to accelerated biodegradation, its efficiency is inconsistent. The objective of the current study were to evaluate the potential use of fungicides applied during the potato growing season
for controlling the disease, to develop a rapid and accurate protocol, based on molecular analysis (RT-PCR), for testing latent infection in domestic seed tubers for the autumn-winter season, and
to evaluate the prevalence of alternative hosts. Disease incidence
and severity, and fungal colonization in plants treated with different fungicides, applied either by foliar spray or by chemigation,
were significantly reduced as compared to the control. These findings indicate the potential of fungicide applications for controlling
potato Verticillium wilt, but further studies are required. In studying the potential role of weeds and rotational crops in the disease
epidemiology we found that asymptomatic secondary hosts can
serve as reservoirs to maintain Vd populations in the soil. The genetic structure of these populations infecting symptomatic and
asymptomatic host plants was assessed in a joint project.
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Figure 4. Verticillium wilt

In addition to research, a Plant Disease Diagnostics Lab (PDDL) is
operating within the department activities, providing diagnostic
services to the growers in the region. The emphasis is on tests to
prevent the use of contaminated propagative material and infested soil (Johnson et al., 2018). q
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Development of Slow-Release Volatiles Against Aphids
in Negev Greenhouses
By Phyllis G. Weintraub
ABSTRACT

attack all major crops worldwide. In greenhouse environments they are

Many arthropod agricultural
pests have become resistant
to synthetic chemical pesticides; as a result, there is a
movement towards botanically derived pesticides. A
new formulation of volatile
oils, extracted from plants,
allows for slow-release and
longer duration in the field.
Results are presented on the effects against the cotton
aphid in greenhouse-grown cucumber plants.
Keywords: Botanical insecticide, volatiles, slow-release

often have live birth, without mating, so very large, multi-generational

David Ben Gurion’s dream of ‘making the desert bloom’ has largely been

and recent research demonstrates significant

met, although under net and screen houses. While these structures
largely protect against larger insects, even with the use of synthetic pesticides the small plant sucking species have not been thwarted. One of
the more diverse and economically important pest groups are the Hemiptera: aphids, whiteflies, etc. These plant-sucking insects inflict two
forms of damage; from directly feeding in the phloem and indirectly from
transmitting plant pathogens. Aphids are small, soft-bodied insects that

populations can develop in a short period of time. Aphis gossypii (Figure
1), also known as the cotton or melon aphid, is a common aphid feeding
on cucurbits, pepper and eggplant grown in greenhouses and can transmit many types of plant viruses.
One of the methods available today for agricultural pest management
that eschews synthetic pesticides is the use of essential oils, which are
considered to be green or environmentally friendly pesticides. In nature,
essential oils play an important role in the protection of the plants as antibacterials, antivirals, antifungals and as insecticides. Today many aromatic
plants and their essential oils are used for the protection of food, plants,
and animals against pests and diseases. This alternative form of crop protection, with very low or non-existant mammalian toxicity, has traditionally been used
activity against a variety of pest insects. Furthermore, as these oils are often used in the
food industry, the U.S. Environmental Protection Agency does not require the rigorous
testing and registration process that is required for synthetic pesticides.
Bio-PelTM, a technology invented by Newseal
Mineral and Coatings Ltd. (Israel), encapsu-

Figure 2. Parasitic wasp.
Photo by Alex Protasov.

lates and allows slow release of natural plant
extracted oils. The technology is based on a
carrier (calcium carbonate, 95-97% of total
product) absorbed with plant oils (combinations of thyme, anise/fennel, lavender, lemon
eucalyptus and canola). The carrier is coated
with silica (or other hydrophobic materials)
that creates a film membrane for the oils’ slow
release. When sprayed on plants these microsized particles adhere to the plant by electrostatic attraction.

Figure 3. Predatory bug.

Our research (Mondaca et al., 2017) addressed two broad questions: 1.
Does the Bio-Pel volatile oil product repel or reduce aphid reproduction as
Figure 1. Cotton/melon aphid, Photo Alex Protasov
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evidenced by fewer melon aphids on the upper plant leaves? 2. Will common natural enemies such as the commercially available aphid
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parasitic wasp, Aphidius colemani (Figure 2) and/or a general predatory insect, Orius laevigatus (Figure 3) be affected by the volatile oils?
We tested a specially selected mixture of essential oils for activity against
aphids. The oil mixture was loaded on a calcium carbonate carrier, allowing the oils to be slowly released, creating an atmosphere of volatiles for a
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prolonged period. A good mixture of essential oils will produce an atmosphere that should repel the pests without disrupting the development of
biological control agents, such as the predatory bug and parasitic wasp.
Indeed, in our experiments, we found that the oil mixture significantly
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reduced aphid populations and paired their upward movement on the
cucumber plants. We examined the effect of the volatiles from oil mixtures at very high concentrations on the survival of the predatory bug
and parasitic wasp, and we found that their survival was unaffected by
the treatments. Furthermore, we tested the calcium carbonate carrier
alone to ascertain whether it had an effect. In preliminary greenhouse
trials, we not only found very good results against aphids, but also the
volatile oil spray seemed to also reduce ant populations, an unanticipated
positive result.
It is clear that the oil mixture can provide a decisive advantage for the
parasitic wasps in two ways. If wasps are released when the aphid population is small in the early crop season (spring), a significant proportion of
the aphid population can be parasitized; therefore, subsequent generations of wasps developing within the greenhouse together with predatory bugs, can easily eliminate virtually the entire population of aphids.
In places where crops are grown in hot months (late summer), it is not
possible to release parasitic wasp because their efficiency is relatively low,
so the predatory bug plays a larger role in controlling aphids.
Under normal circumstances the predatory bug may be released 4 or 5
times during a crop season. Since it is a relatively expensive general predator, even a reduction of one release will realize a savings for the growers. We
suggest that in this approach of using the aromatic oil spray together with
releases of predatory bugs and parasitic wasps, complementary management methods for biological control, we can achieve both effective aphid
control and a reduction in the cost of pest management to the growers. q

VOLCANI VOICE

21

VOLCANI VOICE

Agricultural Research Organization Volcani Center

Optimizing Mineral Nutrition of Olive Productivity and
Oil Quality in Intensive Orchards Under Arid Conditions
By Uri Yermiyahu, Arnon Dag, Alon Ben-Gal and Ran Erel
olive orchards to modern irrigated systems requires
re-evaluation of our knowledge regarding olive fertilization. To study olive response to mineral fertilization, we initiated a series of controlled and field
experiments in modern intensive olive orchards.
Controlled study - ‘Barnea’ olive trees were grown
at the Gilat Research center in containers filled with
granular perlite (Figure 1). Trees were irrigated via a

ABSTRACT
Using modern olive cultivation, vast areas have been
commercially planted in the Negev Desert. To produce
high-yielding and good quality olives for oil production,
fertilizer must be adjusted for these extreme desert conditions and added to the irrigation; results are discussed.
Keywords: Olive oil, brackish water, crop yields

drip system twice a day with a nutrient solution containing different levels of nitrogen, phosphorous and potassium. Each treatment was tested
in six replicates (until the first harvest) and three replicates the following
seasons. For three consecutive seasons; 2007-8-9, fruit was harvested and
oil was extracted.
Throughout

the

experiment, tree
growth, leaf min-

Over the past three decades, olive (Olea europaea L.) orchards have spread

eral

into arid environments characterized by low precipitation and low soil

tion, floral devel-

concentra-

fertility. Modernization of olive cultivation, including densely planted or-

opment and fruit

chards irrigated via systems utilized for nutrient application (fertigation),

set were recorded.

has allowed for orchards with high yields and good oil quality even in

Detailed descrip-

extreme desert conditions. The drastic transition from traditional rain-fed

Figure 1: Controlled experiment at the Gilat Research Center
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Figure 2: The accumulative effect of nitrogen level on fruit and oil yield in
the field experiment (A) and in the controlled experiment (B). Results are
average of the last four years in the field experiment and three years in
the controlled experiment.
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tion of the experimental set-up can be found in Erel et al. (2013a; 2013b).
Field studies – An experiment was performed in a commercial olive orchard
planted in 2007 in the southern coastal plain of Israel, near Kibutz Negba.
The treatments were initiated in 2010 and included four levels of N supplied
throughout the irrigation period. The treatments were: no N; ‘Low N’ (75 kg/
ha); ‘Medium N’ (150 kg/ha) and ‘High N’ (300 kg/ha). Each treatment was
tested in seven replicates, in each replicate, two trees were measured while
the surrounded trees (‘border trees’) received the same treatment.
Nitrogen: N was found to be needed in relatively low levels, significantly
lower than those thought to be beneficial to olives grown under traditional cultivation methods. Both in the field and control trials we found
that excess N diminished olive productivity by impairing both flowering
and fruit set (Figure 2). Oil composition was shown to be strongly associ-

Figure 3: Visual symptoms of K deficiency (left) and the recovery by Na
supply (center) in comparison high level of K (right)

ated with fruit N level. Elevated N concentration was negatively correlated to olive oil quality.
Phosphorus: P is an essential macro-element for numerous plant functions
including carbohydrate metabolism and transport. In spite of being relatively abundant, plant production is frequently limited by low P availability.
Irrigation has been shown to improve P uptake. Phosphorus deficiencies
in olive are considered to be rare, and P fertilization is not typically recommended. In both the controlled and field studies, we found a continuous
increase in fruit set in response to increased P application rate.
Potassium: K is an essential macro-nutrient found in relatively high con-
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centrations in most plants. Potassium plays a central role in the water
economy of plants. Proper K nutrition is acknowledged to raise plant
tolerance to water stress. In the controlled trial, olive trees showed little
response to various K application concentrations in terms of growth, yield
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and oil composition. Possible explanation for the lack of response to K is

Arnon Dag

the sharp accumulation of sodium (Na) in shoots. Currently, there is very lit-
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tle information regarding Na replacement of K in perennials. Furthermore,
the mechanism explaining Na replacement of K has not been explored.
Manipulation of K and Na in the irrigation solutions confirmed that Na is
capable of partially replacing K in carbon assimilation processes (Figure 3).
Potassium, and to a lesser extent Na, enhanced photosynthesis. Sodium
replacement considerably diminished the negative effect of K deficiency
on photoprotection mechanisms. This Na-K replacement has vast physiological and agronomy consequences. These mechanisms are likely to
occur in more plant species adapted to soils with low fertility. Low re-
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sponse to K was also found in the field trial.

In summary, as intensive olive farming is expanding in Israel and
around the world, the information from these studies was used to
design new fertilization protocols for olive growers. Consequently,
growers decreased N and K application rates by 30-40% and increased P application, resulting in improved yields and quality and
greater cost effectiveness. q
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