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A DECADE OF IMPACT
Ten Years of Research at the Center for
Fertilization and Plant Nutrition (CFPN)

 
Established in 2015 through a strategic collaboration between the Israeli Agricultural 
Research Organization (ARO – Volcani Institute), ICL, and the Bnei Shimon Regional Council, 
the Center for Fertilization and Plant Nutrition (CFPN) has spent the past decade advancing 
knowledge in plant nutrition and fertilization. Operating from the ARO Gilat Research 
Center in the Negev, Israel, CFPN has become a hub for cutting-edge agronomic research. 
Over the past 10 years, the center has conducted numerous multidisciplinary research 
projects, combining field trials, efficacy screening, and validation of innovative technologies 
and products. These efforts have been led by ARO scientists in collaboration with global 
research partners, ensuring both scientific rigor and practical relevance.

Beyond its research activities, CFPN has played a significant role in education and 
professional development. The center hosted national and international training programs 
and professional workshops, and supported the academic journey of dozens of students 
who completed their research theses. Alongside them, supervising researchers gained 
valuable expertise across the center’s diverse research domains, enriching Israel’s scientific 
and agronomic community.
 
The center’s work has addressed critical challenges facing modern agriculture, including 
the need to produce more food on less land, improve nutrient use efficiency, and reduce 
environmental impact. As global pressures on food systems intensify—driven by population 
growth, climate change, and resource constraints—CFPN’s contributions have become 
increasingly vital.

As the CFPN concludes its formal mission, this compendium stands as a testament to 
its remarkable scientific legacy. It brings together a decade of research, insights, and 
innovation that have helped shape best practices in fertilization and supported the 
development of more sustainable agricultural systems.

We invite you to explore the findings and knowledge shared in these pages. May they serve 
as a valuable resource for continued learning, innovation, and progress in plant nutrition 
and agronomy.

Prof. Uri Yermiyahu
CFPN Scientific Manager,
Volcani Institute, ARO

Dr. Menachem Assaraf
CFPN Manager, ICL

3



About CFPN 3

Almonds 9

Excessive nitrogen impairs hydraulics, limits 
photosynthesis, and alters the metabolic 
composition of almond trees 
Sperling O., Karunakaran R., Erel R., Yasuor H., 
Klipcan L. and Yermiyahu U. 2019.

10

Precise fertilization by a mass-balance of 
the seasonal changes in nutrient uptake by 
almond trees 
Sperling O., Karunakaran R. and Yermiyahu U. 
2020.

20

Assessing the nitrogen status of almond 
trees by visible-to-shortwave infrared 
reflectance spectroscopy of carbohydrates 
Paz-Kagan T., Schmilovitch Z., Yermiyahu U., 
Rapaport T. and Sperling O. 2020.

33

Phosphorus fertilization induces nectar 
secretion for honeybee visitations and cross-
pollination of almond trees 
Karunakaran R., Yermiyahu U., Dag A.  
and Sperling O. 2021.

41

Linking almond trees’ transpiration 
to irrigation’s mineral composition by 
physiological indices and machine learning
Sperling O., Yermiyahu U., Hochberg U. 2022.

55

Mineral mass balances reveal the phenology 
of evergreen and deciduous tree crops’ 
nutrient uptake
Sperling O., Erel R., Dag A. and Yermiyahu U. 
2022.

69

Avocado 83

The effect of nitrogen, phosphorus, 
potassium and micro element availability on 
growth and productivity of avocado cv. Hass 
(Presea americana Mill cv. Hass)
Gerchman G. 2020.

 84

Foliar application of boron to improve ‘Hass’ 
avocado productivity
Lazare S., Bar-Noy Y., Cohen H., Haberman A., 
Yermiyahu U., Kalyan G., Rozman R. and  
Dag A. 2022.

89

Caccao 95

Nitrogen, phosphorus and potassium 
nutrition effects on flowering and 
reproduction in an F1 segregating 
population of the Theobroma cacao L. CCN-51 
cultivar
Weinstein M., Baram S., Yermiyahu U., 
Lieberman-Lazarovich M., Tsehansky L., 
Elmakias A., Kumar P. and Graber E.R. 2024.

96

Nitrogen, phosphorus and potassium 
deficiencies impact the transition from 
juvenility to maturity in Theobroma cacao L
Weinstein M., Baram S., Yermiyahu U., 
Tsehansky L., Elmakias A. and Graber E.R. 2025.

106

Cassava 119

Carbohydrates as a nitrogen use efficiency 
indicator in cassava 
Omondi J.O., Lazarovitch N., Rachmilevitch S., 
Yermiyahu U. and Sperling O. 2018.

120

Nutrient use efficiency and harvest index 
of cassava decline as fertigation solution 
concentration increases 
Omondi J.O., Lazarovitch N., Rachmilevitch S., 
Boahen S., Ntawuruhunga P., Sokolowski E. 
and Yermiyahu U. 2018.

121

High nitrogen availability limits 
photosynthesis and compromises 
carbohydrate allocation to storage in roots 
of Manihot esculenta crantz 
Omondi J.O., Lazarovitch N., Rachmilevitch S., 
Yermiyahu U. and Sperling O. 2019.

132

Phosphorus affects storage root yield of 
cassava through root numbers 
Omondi J.O., Lazarovitch N., Rachmilevitch S. 
and Yermiyahu U. 2019.

142

Optimizing root yield of cassava under 
fertigation and the masked effect of 
atmospheric temperature 
Omondi J.O., Yermiyahu U., Rachmilevitch S., 
Boahen S., Ntawuruhunga P., Sokolowski E. 
and Lazarovitch N. 2020.

152

Potassium and storage root development 
focusing on photosynthesis, metabolites and 
soluble carbohydrates in cassava 
Omondi J.O., Lazarovitch N., Rachmilevitch S., 
Kukew T., Yermiyahu U. and Yasuor H. 2020.

161

Fertilizing for high yield and quality cassava 
Omondi J.O. 2021.

171

Contents

4



Grapevines 223

Instantaneous and lasting effects of drought 
on grapevine water use
Hochberg U., Perry A., Rachmilevitch S.,  
Ben-Gal A. and Sperling O. 2023.

224

Potassium deficiency reduces grapevine 
transpiration through decreased leaf area 
and stomatal conductance
Sperling O., Perry A., Ben-Gal A., Yermiyahu U. 
and Hochberg U. 2024.

233

Quantification of phosphorus-uptake effect 
on table grape (Vitis vinifera L.) cvs. Early 
Sweet and Crimson physiology, growth, and 
productivity using a lysimeter system
Mdemba P., Tel-Zur N., Tanga G., Yermiyahu U., 
Reshef N., Lichter A., Ron Y. and Dag A. 2025.

243

Pomegranate 257

Optimizing fertilizer management for 
improved pomegranate productivity  
and quality
Lyu Y., Dag A., Heler Y., Ben-Gal A. and 
Yermiyahu U. 2019.

258

The effect of macronutrient availability on 
pomegranate reproductive development 
Lazare S., Lyu Y., Yermiyahu U., Heler Y., 
Kalyan G. and Dag A. 2020.

259

Optimizing nitrogen application for growth 
and productivity of pomegranates
Lazare S., Lyu Y., Yermiyahu U., Heler Y.,  
Ben-Gal A., Holland D. and Dag A. 2020.

275

Effects of nitrogen fertilization on 
pomegranate fruit, aril and juice quality 
Lyu Y., Porat R., Yermiyahu U., Heler Y., 
Hollande D. and Dag A. 2020.

290

Mineral mass balances reveal the 
phenology of evergreen and deciduous tree 
crops’ nutrient uptake
Sperling O., Erel R., Dag A. and Yermiyahu U. 
2022.

299

Biomass and mineral partitioning in fruit-
bearing pomegranate exposed to different 
levels of nitrogen
Lyu Y., Yermiyahu U., Ron Y. and Dag A. 2025

313

Sesame 331

Sesame response to nitrogen management 
under contrasting water availabilities
Golan E., Peleg Z., Tietel Z. and Erel R. 2022.

332

Tef 341

Response of teff (Eragrostis tef (Zucc.) Trotter) 
to nitrogen, phosphorus and potassium 
fertilization 
Gashu K. 2017.

342

Nitrogen, phosphorus and potassium 
application contributed to the growth and 
yield of teff production 
Gashu K., Zipori I., Saranga Y. and  
Yermiyahu U. 2018.

345

Studying the effect of plant nutrition on the 
nutritional value of teff grown in Israel 
Tietel Z., Simhon E., Gashu K. and  
Yermiyahu U. 2019. 

346

The effect of genetic factors and 
environmental conditions on the nutritional 
and health-promoting properties of teff 
grains 
Simhon E. 2019.

347

Tef (Eragrostis tef) responses to nitrogen 
fertigation under semi-arid mediterranean 
climate 
Gashu K., Halpern M., Zipori I., Bustan A., 
Saranga Y. and Yermiyahu U. 2020.

350

Nitrogen availability and genotype affect 
major nutritional quality parameters of tef 
grain grown under irrigation 
Tietel Z., Simhon E., Gashu K., Ananth D.A., 
Schwartz B., Saranga Y. and Yermiyahu U. 
2020.

369

Tef (Eragrostis tef) responses to phosphorus 
and potassium fertigation under semi-arid 
Mediterranean climate
Halpern M., Gashu K., Zipori I., Saranga Y. and
Yermiyahu U. 2021.

384

5



Polyhalite 401

Polyhalite as a multi nutrient fertilizer–
potassium, magnesium, calcium and sulfate
Yermiyahu U., Zipori I., Faingold I., Yusopov L., 
Faust N. and Bar-Tal A. 2017.

403

Efficiency of polyhalite as a fertilizer 
supplying potassium, magnesium, calcium 
and sulfate
Yermiyahu U., Zipori I., Faingold I., Yusopov L., 
Faust N. and Bar-Tal A. 2017.

416

Selenium uptake in ryegrass with applied 
sulphur fertilizers 
Jiang L., Bailey E.H., Broadley M.R., Graham 
N.S., McGrath S.P. and Young S.D. 2018.

418

Sodic soils reclamation with polyhalite 
Katzir R., Nachshon U., Beer Y. and Ben-Hur M. 
2018.

419

Effects of polyhalite fertilization on skin 
quality of potato tuber
Keren-Keiserman A., Baghel R.S., Fogelman E., 
Faingold I., Zig U., Yermiyahu U. and  
Ginzberg I. 2019.

420

Solubility of granular polyhalite under 
laboratory and field conditions
Yermiyahu U., Zipori I., Omer C. and Beer Y. 
2019.

435

Polyhalite solubility and transport in acid 
soils and mineral uptake by plants as a 
source of calcium
Liu X., Qin X., Huang C. and Yermiyahu U. 2019.

442

Potassium positively affects skin 
characteristics of sweet potato storage roots
Klipcan L., Van Oss R., Keren-Kieserman A., 
Yermiyahu U. and Ginzberg I. 2020.

443

Effect of leaching events on the fate of 
polyhalite nutrient minerals used for crop 
fertilization 
Huang C., Yermiyahu U., Shenker M. and Ben-
Gal A. 2020.

458

Phosphorous and 
Polyphosphates

473

Soil properties and growing duration 
determine phosphorus phyto‑availability 
dynamics of polyphosphate versus 
orthophosphate fertilizers
Erel R., Yalin D., Kushmaro‑Bier A., Li Q., 
Gérard F. and Toren N. 2022.

474

Does mycorrhizal fungi essential for 
polyphosphate uptake?
Toren N. and Erel R. 2024.

491

Utilization of polyphosphate fertilizers to 
enhance fruits’ calcium acquisition and post-
harvest quality 
Erel R., Alkan N., Rotbart N. and Crane O. 
2024. 

492

Green cycle: leveraging microalgae for 
phosphorus recovery and sustainable 
biofertilizer production from wastewater
Rexley C Charles R., Toren N., Erel R. and 
Khozin-Goldberg I. 2025.

493

Evidence for a polyphosphatase-like enzyme 
catalyzing the hydrolysis of long-chain 
polyphosphates in the rhizosphere
Toren N., Erel R. 2025.

494

Leaf and soil analyses 505

Generating a high-resolution map of 
labile soil phosphorus using ferrous 
oxide–impregnated paper combined with 
scanning electron microscopy
Li Q. and Erel R. 2019.

507

Determination of soil test for magnesium 
availability
Shitrit M. 2020.

519

Measuring foliar mineral concentrations by 
X-ray fluorescence requires crop-specific 
partial regression models
Sperling O., Rapaport T., Alchanatis V., 
Schmilovitch Z. and Yermiyahu U. 2023.

525

ICLeaf - Leaf scanning technology with crop 
advisor for enhancing fertilizer and nutrient 
efficiency
Yermiyahu U., Mey-Tal S., Imas P., Katz S., 
Biradar S. and Kanse A. 2024.

538

Contents

6



Soil physics and salinity 543

Factors affecting the wetting process in 
hydrophobic soil with surfactant addition
Arnon N., Nachshon U. and Ben-Hur M. 2017.

544

Interaction between water surface tension 
and contact angle in hydrophobic soils and 
its impact on water flow 
Arnon N., Nachshon U. and Ben-Hur M. 2018.

545

A search for an endophytic diazotroph 
capable of colonizing cultivated wheat 
Meroz N. 2018.

546

Simulating water and potassium uptake of 
greenhouse tomato as a function of salinity 
stress
Wang L., Yermiyahu U., Yasuor H., Ning S., Tan 
J. and Ben‑Gal A. 2022.

550

Different amendments for combating soil 
sodicity in an olive orchard
Ziskin R., Dag A., Yermiyahu U., Levy G. J. 2024.

562

Plant protection 573

The role of calcium concentration in 
the endocarp wall of apple fruit in the 
development of core rot 
Levin A. G., Yermiyahu U., Doron I. and 
Shtienberg D. 2019.

574

Nutrient status of cucumber plants affects 
powdery mildew (Podosphaera xanthii)
Elad Y., Barnea D., Rav-David D. and 
Yermiyahu U. 2021.

582

Effect of mineral nutrition and salt 
spray on cucumber downy mildew 
(Pseudoperonospora cubensis)
Barnea D., Yermiyahu U., Rav-David D. and 
Elad Y. 2022.

606

Precision Ag
and remote sensing

627

Site specific nitrogen management in citrus 
orchard to minimize N pollution
Termin D., Linker R., Paz-Kagan T., Baram S. 
and Raveh E. 2019.

629

A comparison between spatial clustering 
models for determining N‑fertilization 
management zones in orchards
N. Ohana‑Levi, A. Ben‑Gal, A. Peeters, D. 
Termin, R. Linker, S. Baram, E. Raveh, T. 
Paz‑Kagan. 2020.

630

The potential of remote sensing of cover 
crops to benefit sustainable and precision 
fertilization
Futerman S. I., Laor Y., Eshel G. and Cohen Y. 
2023.

654

Dynamic delineation of management zones 
for site‑specific nitrogen fertilization in a 
citrus orchard
D. Termin, R. Linker, S. Baram, E. Raveh, N. 
Ohana‑Levi, T. Paz‑Kagan. 2023.

672

Using an oat cover crop as a reflector of the 
spatial variation of soil nutrient availability
Futerman S.I., Laor Y., Eshel G. and Cohen Y. 
2023.

695

Identifying the dominant species in 
cereal-legume cover crop mixtures with 
remote sensing for nitrogen fertilization 
management
Futerman S.I., Laor Y., Eshel G., Cohen Y. 2025.

704

Multi-scale remote sensing for sustainable 
citrus farming: predicting canopy nitrogen 
content using UAV-satellite data fusion
Avioz D., Linker R., Raveh E., Baram S., Paz-
Kagan T. 2025.

712

7



Gilat Research Center 
Mobile Post Negev 8531100 Israel
uri4@volcani.agri.gov.il

www.cfpn.center

mailto:uri4@volcani.agri.gov.il
http://www.cfpn.center

