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About CFPN
The Center for Fertilization and Plant Nutrition 
(CFPN) is a research center for fertilizer and plant 
nutrition knowledge. The center was established 
in 2015 under a cooperation agreement between 
the Israeli Agricultural Research Organization 
(ARO; Volcani Center), ICL, and the Bnei Shimon 
Regional Council.

The center investigates and develops advanced 
methods in fertilization and plant nutrition.  
The need for more and better food requires this 
knowledge now more than ever. Especially in 
light of the growing world population, decreasing 
agricultural land and the urgent need for better 
environmental stewardship worldwide.

CFPN operates at the ARO Gilat Research Center 
in the Negev, Israel, with research conducted 
by ARO scientists in partnership with colleagues 
from other research institutions globally. The 
center conducts research projects on various 
essential issues, carrying out field tests, efficacy 
screening and validation of various technologies 
and products.
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RESPONSE OF TEFF (ERAGROSTIS TEF (ZUCC.) TROTTER) TO NITROGEN, 

PHOSPHOROUS AND POTASSIUM FERTILIZATION 

ABSTRACT 

Teff [Eragrostis tef (Zucc.) Trotter] is an annual small grain, panicle bearing C4 cereal crop native 

to Ethiopia. Substantial researches have been conducted in Ethiopia under rain fed condition 

and they found that Nitrogen (N) and Phosphorus (P) are key limiting nutrients in teff 

production, however the response of teff to N, P and Potassium (K) fertilization under irrigation 

is not well studied. Two experiments were conducted at Gilat Research Center of the 

Agricultural Research Organization (ARO) in Southern Negeve of Israel, to study the 

independent effect of each mineral nutrient: N, P and K fertigation on teff growth parameters, 

yield, concentration and uptake of mineral in different plant parts for two teff genotypes (405B 

and 406W). A pot experiment was conducted in a tunnel covered with plastic during winter 

2015-2016 and a field experiment was conducted during summer 2016. Pot experiment 

comprised 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, while filed experiment comprised 

nine treatments of different concentrations of N (0, 30 and 120 ppm), P (0, 3 and 12 ppm), K (0 

and 80 ppm) in irrigation solution.  

In both experiments, we found that high N, P and K fertigation resulted in decreased days to 

flowering and enhanced leaf development. Whereas, N (10 ppm) and P (1 ppm) deficiency 

delayed time of flowering probably by slowing leaf development. Teff growth parameters like 

vegetative dry matter (DM), root DM and tillering were significantly affected by N, P and K 

fertigation particularly in pot plants, however the same trend was observed in the field 

experiment. In pot grown plants, the maximum vegetative DM of final harvest was achieved at 

120 ppm N, 12 ppm P and 80 ppm K applications. In the field experiment the maximum 

vegetative DM of final harvest was achieved at 30 ppm N, 3 ppm P and 80 ppm K applications. 

In pot grown plants, the maximum grain yield was obtained as result of  80 ppm N, 6 ppm P and 

40 ppm K applications whereas ,in the field experiment the maximum grain yield was obtained 

under 60 ppm N, 6 ppm P and 80 ppm applications. In pot grown plants, the grain yield declined 



considerably in response to high N and P concentration in irrigation water presumably due to 

more tiller production which eventually led to self-shading and light limitation. In both 

experiments, grain yield increased consistently with the level of K fertigation.  

Teff plant mineral levels have greatly varied depending on plant parts sampled, growth stage 

and genotype. Nitrogen and P concentrations were high in grain as compared to in shoot DM of 

final harvest whereas, K concentration was high in shoot DM. In both experiments, relatively 

high concentration of N, P and K in shoot DM were obtained during early growth stage of teff 

and decreased as plant become aged due to remobilization of nutrient to the grain. 

Phosphorous concentration in shoot DM decreased significantly in response to high N 

fertigation probably due to competition between nitrate (NO3
-) and H2PO4

- ions uptake by 

plant, whereas the inverse is true for high P fertigation.  

In pot experiment, the highest N, P and K uptake by shoot of final harvest were observed as 

result of 120 ppm N, 12 ppm P and 80 ppm K application. In the field experiment the highest N, 

P and K uptake by shoot and grain were achieved at 30 ppm N, 3 ppm P and 80 ppm K due to 

high vegetative DM and grain production by these treatments. Similarly, in pot experiment the 

maximum N, P and K uptake by grain were obtained as result of 80 ppm N, 6 ppm P and 40 ppm 

K fertigation. 

Teff growth parameters, shoot mineral, grain mineral and mineral uptake by different plant 

parts have greatly varied between genotypes. Generally, vegetative DM, root DM and shoot 

mineral were significantly high in 406W than 405B genotype, while tiller production was 

significantly higher in 405B than 406W genotype. In the field experiment, 405B teff produced 

significantly more grain yield than 406W teff and the inverse is true for pot experiment. This 

finding led us to conclude flowering time of 405B teff and yield potential of 406W are strongly 

dependent on growth conditions.  

From the result of our experiments in response to the genotypes we studied application of 60 

ppm N, 6 ppm P and K 80 ppm K fertigation seem optimal for teff growth, however to come up 

with valid conclusion and recommendation the exact status of the nutrients in the soil and 

water should be taken into account.  
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ABSTRACT 

Teff is an annual grain originated in Ethiopia, used for human consumption, usually as the 

traditional bread injera, and considered a staple food. Teff seeds are gluten-free, and 

considered a functional food, because of their high protein, fiber, mineral and 

phytochemical content. There is a variety of cultivars that range in color from white to red.  

In recent years, teff's commercial cultivation in Israel has begun as a result of increased 

consumption by the Ethiopian community, individuals who avoid gluten and those who eat 

healthy foods. 

Several works have examined teff's health and nutritional values, although only a few of 

them examined the effects of growth conditions on its nutritional values. Thus, it became 

essential to investigate the effects of growth conditions and growth areas on nutritional 

values on Israeli teff.  Our study included two field experiments that examined the effect of 

the availability of nitrogen, phosphorus and potassium fertilization on quality indices in the 

grains. Another source of grain came from commercial crops in different growing areas of 

the country, with the same white and brown varieties. The aim of this study was to examine 

the effect of plant nutrition treatments on the chemical composition and nutritional and 

health quality of teff seeds, and to examine the effect of genetic background (white and red 

varieties) on the health and nutritional composition. 

Chemical analyzes included antioxidant activity (ABTS-TEAC), phenol content (Folin- 

Ciocalteu), flavonoids (spectrophotometer), minerals (Flame Atomic Absorption 

Spectrometer), fatty acid profile (GC-MS) and phenol profile (UPLC- PDA). In addition, the 

effect of growth area on the composition was examined.  

The results clearly demonstrate that there is an effect of the fertilization treatments on all 

quality parameters evaluated in this study. Nitrogen treatment in a field trial showed a 

negative effect in most analyses except the phenol profile in which a positive effect was 

observed, whereas in the potted experiment a positive effect was observed on many of the 

quality parameters. The effects were sometimes contradictory between experiments – 



nitrogen treatment had a negative effect on the content of some of the minerals in a field 

experiment compared to the potted experiment, where there was a positive effect on the 

mineral content. Potassium treatment was demonstrated to have a positive influence in both 

field and potted experiments. It was found that among the varieties there are differences in 

the content of nutritional elements, and that the red variety contain a higher nutritional value 

than the white variety. In addition, differences were also found between the different 

cultivation areas, and clearly the nutritional values are affected, and grains from Bror chail 

and Saad showed higher nutritional values compared to the other growing areas. 

We conclude that N, P and K fertilization affects nutritional parameters in teff grains, 

including mineral contents, fatty acid composition and phenolic content and composition. 
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1. Brief	Introduction

PolysulphateTM is the trade mark of the natural mineral ‘polyhalite’, which is deposited more 

than 1,200 m below the North Sea off the North Yorkshire coast in the UK. Polyhalite occurs in 

sedimentary marine evaporates, consisting of a hydrated sulfate of potassium (K), calcium (Ca) and 

magnesium (Mg) with the formula: K2Ca2Mg(SO4)4·2(H2O). The deposits found in Yorkshire in 

the UK typically consist of K2O: 14%, SO3: 48%, MgO: 6%, CaO: 17%. Polysulphate provides 

four key plant nutrients - S (19.2%), K (12%), Mg (3.6%), and Ca (12%). 

(Source: http: //polysulphate.com/introducing-polysulphate/) 

Calcium, as a necessary element in Polysulphate, plays a key role in plant growth and 

enhancing plant resistance to abiotic and biotic stresses in different growth conditions and 

environments. 

Here, we use Polysulphate as the Ca source for crop growth and uptake in maize, conducted 

within a pot experiment under controlled conditions and environment. 



2. Materials	and	Methods	

2.1.	Experiment	design	

A two-stage experiment was conducted at the Gilat Research Center of Israel’s Agricultural 

Research Organization. The first stage was designed to evaluate the effects of Polysulphate as a Ca 

fertilizer, and leaching events caused by irrigation on maize. The second stage studied the residual 

effect of the fertilizer on maize without additional application of Polysulphate or equivalent salts, 

and without additional leaching. 

The first stage of the experiment started on 22 May 2017 and completed on 10 July 2017. The 

residual experiment ran from 17 July to 21 August 2017. Volcanic soil from Golan Height was used. 

The soil characteristics before leaching were (the solution was extracted by distilled water with a 

ratio of soil : water = 1:2): pH 5.2, EC 279 µS/cm, and soil nutrient content (mg/kg) was 0.44 for 

nitrate, 0.59 for phosphorus (P), 5.32 for K, 28.91 for Ca, 5.54 for Mg and 8.73 for sulfur (S). 

Prior to planting of maize, fertilizer was applied as Polysulphate or equivalent salts. During 

the maize growth period, all pots were provided with four leaching events every two weeks, the 

leachate volume was about 11~14% of the irrigation amount, and the sampling dates were 6 and 19 

June, 3 and 10 July. 

The experimental factors were different Ca sources and different levels of Ca. Three types of 

Ca fertilizer were used, CaCl2, gypsum and Polysulphate. The Ca levels were 0, 20, 40, 80 and 160 

kg Ca/ha, except for CaCl2 which only had 0, 40 and 160 kg Ca/ha. The eleven treatments (Ca0, 

CaCl2 40 and 160, gypsum 20, 40, 80 and 160, and Polysulphate 20, 40, 80 and 160) were each 

replicated four times. 



Table 1 Total irrigation amount (L/pot), drainage volume (L/pot) and nutrient input (mg 

element/pot) in maize and residual maize experiment. Ca0, 0 kg Ca/ha; C, calcium chloride (CaCl2); 

G, gypsum; P, Polysulphate; 20, 40, 80 and 160 indicated 20, 40, 80 and 160 kg Ca/ha, respectively. 

For Ca input, 29 mg Ca/pot was from irrigation solution.  

Experiment Treatment Irrigation Drainage N P K Ca Mg S 

Maize Ca0 31.9 4.0  3567 448 1373 29 274 743 

 C40 31.9 4.1  3567 448 1373 258 274 743 

 C160 31.9 4.2  3567 448 1373 945 274 743 

 G20 31.9 3.9  3567 448 1373 143 274 835 

 G40 31.9 4.0  3567 448 1373 258 274 926 

 G80 31.9 4.3  3567 448 1373 487 274 1110 

 G160 31.9 4.4  3567 448 1373 945 274 1476 

 P20 31.9 4.2  3567 448 1373 143 274 834 

 P40 31.9 3.6  3567 448 1373 258 274 924 

 P80 31.9 4.1  3567 448 1373 487 274 1105 

 P160 31.9 3.4  3567 448 1373 945 274 1467 

Residual Ca0 8.95 0 513 70 5 5 0 6 

(Maize) C40 8.95 0 513 70 5 5 0 6 

 C160 8.95 0 513 70 5 5 0 6 

 G20 8.95 0 513 70 5 5 0 6 

 G40 8.95 0 513 70 5 5 0 6 

 G80 8.95 0 513 70 5 5 0 6 

 G160 8.95 0 513 70 5 5 0 6 

 P20 8.95 0 513 70 5 5 0 6 

 P40 8.95 0 513 70 5 5 0 6 

 P80 8.95 0 513 70 5 5 0 6 

 P160 8.95 0 513 70 5 5 0 6 

 



2.2.	Crop	management	

The pot volume was 10 L and filled with about 8 L soil. The bottom of each pot was fitted 

with a 60 cm rockwool extension to provide near-field soil water conditions and avoid saturated 

conditions at the soil’s bottom boundary. All drainage water every two weeks (6 and 19 June, 3 and 

10 July) during the maize experiment was collected, measured and sampled.  

Before starting the experiment, soil in each pot was leached with 10 L desalinated water, and 

the average Ca content in the last leachate was 11.5 mg/kg (9.2~16.3 mg/kg). After leaching, 

fertilizer was mixed evenly in the top 0-7 cm of soil. The total nutrient input can be seen in Table 1. 

Ten maize seeds were sown on 22 May 2017 and thinned out after emergence to 4 plants/pot. 

Maize in the residual experiment was sown on 17 July 2017 and 6 plants were kept after emergence. 

The irrigation solution was prepared with distilled water and contained 100 mg N (about 300 mg 

N during first 20 days), 15 mg P, 15 mg K, 0.3 mg boron (B), 1 mg iron (Fe), 0.5 mg manganese 

(Mn), 0.25 mg zinc (Zn), 0.04 mg copper (Cu) and 0.03 mg Molybdenium/liter. Irrigation was 

applied manually based on crop consumption, with 0.20-1.50 L/pot every one day or two days for 

maize in first stage experiment, and 0.15-0.5 L/pot every 1-2 days for maize in the residual 

experiment. The total irrigation amount can be seen in Table 1. 

2.3.	Measurements	

Plants were harvested on 10 July and 21 August 2017 for the two experimental stages, 

respectively. Fresh and dry matter was weighed for each pot, and a subsample of the plant (stem 

and leaves for maize in the first stage) was used to determine N, P, K, Ca, Mg and S concentrations. 

Plant materials were digested by sulfuric acid and peroxide (Snell and Snell, 1949), then N and P 

were measured using an automated photometric analyzer (Gallery Plus, Thermo Scientific), and K 

by atomic absorption (PinAAcle 500, PerkinElmer). Total Ca, Mg and S concentrations were 

determined following digestion with nitric acid and perchlorate, then measured by ICP-OES (5100, 

Agilent). 



After harvest in the first stage experiment, soil samples were collected at two different layers; 

0-7 cm (depth of fertilizer placement) and 7-17 cm. Soil pH, electrical conductivity (EC), K, Ca, 

Mg and S concentrations were measured using a 1:2 soil:water extraction. Leachate volume, NO3
- 

and NH4
+, P, K, Ca, Mg and S concentrations were measured. NO3

-, NH4
+ and P in leachate were 

measured by an automated photometric analyzer (Gallery Plus, Thermo Scientific), and K, Ca, Mg 

and S in soil extraction solution and leachate were measured by ICP-OES (5100, Agilent). 

2.3.	Statistical	analysis	

One-way ANOVA was used for data analysis comparing the eleven treatments at a probability 

of 5% by Tukey HSD multiple comparison using JMP 10.0 (SAS Institute Inc., NC, USA). The 

plant data (leaves and stem biomass), plant nutrient concentration and uptake, soil pH, EC and 

nutrient content were examined by one-way ANOVA analysis. For leachate, nutrient loss was 

analyzed with one-way ANOVA using JMP 10.0 software at the 5% level. 

3.	Results	

3.1.	Plant	biomass	

The performance of Ca fertilizers and levels did not significantly change plant biomass, 

neither in stem nor in leaves, the same results were also found in the residual experiment (Fig. 1). 

This indicated that Polysulphate as a natural fertilizer had a quite similar effect on maize biomass 

as CaCl2 and gypsum, both in stem or leaves, and in the first stage or the residual experiment.  

 



 

Fig.1 Plant biomass of maize leaves, stem, and leaves + taproot (A) and maize aboveground 

biomass in the residual effect experiment (B). Ca0, 0 kg Ca/ha; C, calcium chloride (CaCl2); G, 

gypsum; P, Polysulphate; 20, 40, 80 and 160 indicated 20, 40, 80 and 160 kg Ca/ha, respectively. 

Different letters indicate significant differences between treatments within each graph. No letters 

attached indicates no significant difference between treatments. 

3.2.	Crop	nutrient	uptake	 	

Similar to the plant biomass results, different fertilizers and Ca levels had no significant effect 

on crop nutrient concentrations (N, P, K, Ca, Mg and S) in maize leaves and stem (Table 2). For 

nutrient uptake by maize there was no difference between treatments (Fig. 2). The exception was 

for S uptake in residual maize experiment, where S uptake in gypsum 160 kg Ca/ha was higher 

than that in calcium chloride 40 kg Ca/ha (Fig. 2L).



Table 2 Nutrient concentration (% of DW) in maize leaves and stem as affected by Ca fertilizer 

and level in carrot experiment. Ca0, 0 kg Ca/ha; C, calcium chloride (CaCl2); G, gypsum; P, 

Polysulphate; 20, 40, 80 and 160 indicated 20, 40, 80 and 160 kg Ca/ha, respectively. Different 

letters indicate significant differences between treatments within each column for leaves or stem. 

Plant Treatment N P K Ca Mg S 

Leaves Ca0 1.82 ± 0.16 a 0.20 ± 0.01 a 1.82 ± 0.24 a 0.65 ± 0.02 a 0.23 ± 0.01 a 0.19 ± 0.01 a 

 C40 1.77 ± 0.08 a 0.18 ± 0.02 a 1.85 ± 0.24 a 0.62 ± 0.08 a 0.24 ± 0.02 a 0.18 ± 0.02 a 

 C160 1.78 ± 0.07 a 0.20 ± 0.02 a 1.84 ± 0.15 a 0.66 ± 0.04 a 0.26 ± 0.02 a 0.19 ± 0.03 a 

 G20 1.79 ± 0.10 a 0.21 ± 0.01 a 1.73 ± 0.18 a 0.62 ± 0.06 a 0.23 ± 0.01 a 0.19 ± 0.02 a 

 G40 2.03 ± 0.20 a 0.20 ± 0.02 a 1.95 ± 0.17 a 0.72 ± 0.10 a 0.25 ± 0.02 a 0.21 ± 0.01 a 

 G80 1.90 ± 0.15 a 0.19 ± 0.02 a 1.93 ± 0.13 a 0.68 ± 0.09 a 0.24 ± 0.02 a 0.19 ± 0.01 a 

 G160 1.91 ± 0.10 a 0.21 ± 0.01 a 1.84 ± 0.19 a 0.67 ± 0.05 a 0.24 ± 0.01 a 0.21 ± 0.02 a 

 P20 2.06 ± 0.14 a 0.22 ± 0.05 a 1.76 ± 0.16 a 0.62 ± 0.11 a 0.22 ± 0.03 a 0.20 ± 0.03 a 

 P40 1.93 ± 0.08 a 0.19 ± 0.02 a 1.92 ± 0.24 a 0.65 ± 0.10 a 0.25 ± 0.02 a 0.20 ± 0.02 a 

 P80 1.80 ± 0.09 a 0.18 ± 0.02 a 1.88 ± 0.12 a 0.60 ± 0.07 a 0.24 ± 0.02 a 0.19 ± 0.02 a 

�  P160 1.88 ± 0.09 a 0.19 ± 0.01 a 1.84 ± 0.12 a 0.62 ± 0.11 a 0.24 ± 0.03 a 0.19 ± 0.02 a 

Stem Ca0 0.57 ± 0.08 a 0.12 ± 0.02 a 1.67 ± 0.16 a 0.20 ± 0.03 a 0.15 ± 0.02 a 0.07 ± 0.01 a 

 C40 0.67 ± 0.17 a 0.10 ± 0.02 a 1.69 ± 0.34 a 0.23 ± 0.05 a 0.16 ± 0.03 a 0.07 ± 0.01 a 

 C160 0.62 ± 0.16 a 0.11 ± 0.01 a 1.64 ± 0.10 a 0.26 ± 0.04 a 0.19 ± 0.03 a 0.07 ± 0.01 a 

 G20 0.63 ± 0.05 a 0.12 ± 0.02 a 1.73 ± 0.26 a 0.21 ± 0.03 a 0.14 ± 0.02 a 0.07 ± 0.01 a 

 G40 0.87 ± 0.15 a 0.13 ± 0.03 a 1.83 ± 0.27 a 0.24 ± 0.05 a 0.17 ± 0.03 a 0.09 ± 0.01 a 

 G80 0.67 ± 0.19 a 0.12 ± 0.02 a 1.53 ± 0.22 a 0.23 ± 0.03 a 0.16 ± 0.03 a 0.08 ± 0.01 a 

 G160 0.74 ± 0.17 a 0.13 ± 0.01 a 1.71 ± 0.17 a 0.25 ± 0.04 a 0.17 ± 0.03 a 0.10 ± 0.01 a 

 P20 0.80 ± 0.14 a 0.13 ± 0.04 a 1.57 ± 0.13 a 0.25 ± 0.06 a 0.16 ± 0.05 a 0.08 ± 0.02 a 

 P40 0.70 ± 0.13 a 0.12 ± 0.03 a 1.82 ± 0.21 a 0.22 ± 0.03 a 0.16 ± 0.02 a 0.08 ± 0.02 a 

 P80 0.80 ± 0.13 a 0.11 ± 0.01 a 1.74 ± 0.27 a 0.24 ± 0.02 a 0.17 ± 0.02 a 0.09 ± 0.01 a 

�  P160 0.73 ± 0.05 a 0.13 ± 0.03 a 1.69 ± 0.07 a 0.26 ± 0.02 a 0.18 ± 0.02 a 0.09 ± 0.01 a 

 

 

 

 



 

 

 

 

 



 

 
Fig.2 Plant nutrient uptake of maize leaves (A), stem (a), and leaves + stem (left panel) and maize 

in the residual effect experiment (right panel). Ca0, 0 kg Ca/ha; C, calcium chloride (CaCl2); G, 

gypsum; P, Polysulphate; 20, 40, 80 and 160 indicated 20, 40, 80 and 160 kg Ca/ha, respectively. 

Different letters indicate significant differences between treatments within each graph. No letters 

attached indicates no significant difference between treatments. 

3.3.	Nutrient	leaching	in	first	stage	experiment	

The Polysulphate treatments resulted in similar nutrient loss in leachate compared with 

equivalent salt treatments (CaCl2 and gypsum), no difference was found between treatments either 

in pH (Fig. 3) or in nutrients (Fig. 4).  

For EC, there was a large difference between C160 and other treatment in the middle two 

leaching events, higher EC was found in C160 (Fig. 3B), and C160 and G160 were much higher 

than other treatments in the last leaching events (Fig. 3B).  



 

 
Fig. 3 Leachate pH (A) and EC (B) in the four leaching events. Ca0, 0 kg Ca/ha; C, calcium chloride 

(CaCl2); G, gypsum; P, Polysulphate; 20, 40, 80 and 160 indicated 20, 40, 80 and 160 kg Ca/ha, 

respectively. Different letters indicate significant differences between treatments within each graph. 

No letters attached indicates no significant difference between treatments.  

 
 
 
 
 
 
 
 
 
 



 
Fig. 4 Total nutrients content in leachate in the four times leaching events. Ca0, 0 kg Ca/ha; C, 

calcium chloride (CaCl2); G, gypsum; P, Polysulphate; 20, 40, 80 and 160 indicated 20, 40, 80 and 

160 kg Ca/ha, respectively. Different letters indicate significant differences between treatments 

within each graph. No letters attached indicates no significant difference between treatments. 

 

For nutrients in each leaching event, K content in C40 in the third leaching event was largely 

higher than other treatments (Fig. 5C), and Ca content in C160 in the first three leaching events 



was relative higher than that in other treatments (Fig. 5D). Similar to Ca, Mg in C160 was higher 

than other treatments (Fig. 5E). For S, C40 in third event and G160 in last event was much greater 

than other treatments (Fig. 5F).



 

 

 

 

Fig. 5 Total nutrient content in leachate. 



3.4.	Soil	pH,	EC	and	nutrient	content	

Neither fertilizer nor level changed soil pH in the different soil layers (Fig. 6A, B). A trend 

can be found in different Ca levels for each Ca fertilizer, with higher Ca input resulted in higher 

soil EC both in 0-7 cm and 7-17 cm (Fig. 6C, D). At a depth of 0-7 cm, the treatments with 

Polysulphate increased soil EC at 0-7 cm at the Ca levels of 80 and 160 kg Ca/ha, when compared 

to C40 (Fig. 6C). At a depth of 7-17 cm, only soil EC in G160 was increased compared to Ca0, 

C40, G20, P20 and P40 (Fig. 6D).  

 

 
Fig. 6 Soil pH (A, B) and EC (C, D) for each treatment at 0-7 cm (A, C) and 7-17 cm (B, D) depth 

of soil. Ca0, 0 kg Ca/ha; C, calcium chloride (CaCl2); G, gypsum; P, Polysulphate; 20, 40, 80 and 

160 indicated 20, 40, 80 and 160 kg Ca/ha, respectively. Different letters indicate significant 

differences between treatments within each graph. No letters attached indicates no significant 

difference between treatments. 





 
Fig. 7 Soil nutrient content for each treatment at 0-7 cm (left panel) and 7-17 cm (right panel) depth 

of soil. Ca0, 0 kg Ca/ha; C, calcium chloride (CaCl2); G, gypsum; P, Polysulphate; 20, 40, 80 and 

160 indicated 20, 40, 80 and 160 kg Ca/ha, respectively. Different letters indicate significant 

differences between treatments within each graph. No letters attached indicates no significant 

difference between treatments. 

 

For soil nutrients, Ca fertilizer and level mainly changed soil Ca at 0-7 cm and S at both depths 

(Fig. 7). For Ca, G160 was much larger than Ca0 and the treatments of 20, 40 kg Ca/ha (Fig. 7H). 

For S, higher Ca levels kept more S in the soil in both soil layers (Fig. 7K, L). 

5.	Conclusions	

We tested the effect of Polysulphate and different levels of Ca and found both did not affect 

maize biomass, nutrient uptake by plant and loss in leachate, and soil nutrients when grown in a 



volcanic soil. Polysulphate appears to be as good as gypsum in the current experimental condition. 

The main reasons for no difference found between treatments were related to higher soil Ca content 

and lower Ca demands for maize. The soil used in the current experiment was volcanic soil 

collected from Golan Height. The water extracted Ca in this soil was quite high at 29 mg/kg. At the 

start of the experiment the soil was washed to leach the Ca out but despite this, lots of Ca was still 

found in the leachate before the start of experiment, with a value of 11 mg/liter. Another reason for 

the lack of difference between treatments is that maize does not need high levels of Ca during the 

growing season. This is quite different from cash crops such as carrot and tomato which have higher 

Ca demand. In the near future, studies of Ca from Polysulphate should focus on acidic soil or soil 

with potential Ca deficiency, as well as tomato, lettuce and other crops with much higher Ca 

requirements. 

Acknowledgements	

We thank Inna Faingold, Ludmila Yusopov, and Riva Gavrilov for valuable help and 

contributions to the experiment. The financial support of Center for Fertilization and Plant Nutrition 

(CFPN) is gratefully acknowledged. Dr. Chengdong Huang was supported by an ARO postdoctoral 

fellowship and the Chinese National Key R&D Program (grant number 2016YFE0103100).	



A search for an endophytic diazotroph capable of 

colonizing cultivated wheat

Nittay Meroz 

Submitted in partial fulfillment of the requirements for the Master's Degree  

In The Mina & Everard Goodman Faculty of Life-Sciences, Bar-Ilan University 

Ramat Gan, Israel    2018 



Abstract 

As nitrogen is a key component in many biomolecules, supplying crops with plant-available 

nitrogen is a major expense of today’s agriculture. Nitrogen was considered the limiting factor 

for food production until this limitation was breached with the manufacture of synthetic 

fertilizers. Nevertheless, synthetic fertilizers did not come without a price; application of nitrogen 

fertilizers cause massive environmental issues as the emission of greenhouse and ozone-

depleting gasses, contamination of drinkable water, eutrophication, and an increase in soil loss. 

For those reasons and more, there is an ongoing search for a more sustainable way to reach crops 

nitrogen demand. A possible solution is harnessing natural-occurring associations between 

plants and diazotrophs. 

Diazotrophs are prokaryotes able to utilize dinitrogen (N2) in a process known as nitrogen 

fixation. Many diazotrophs are found in association with plants and can contribute significant 

amounts of fixed nitrogen. Those include species-specific symbiosis, as the legume-rhizobia 

symbiosis, but also include less-specific interactions between free-living diazotrophs and plants 

from distinct taxonomic groups. A few diazotrophs were isolated from different members of the 

Poaceae family of grasses and showed ability to enhance plant growth. Those include bacteria 

isolated from the rhizosphere and the plant’s endosphere.  

In this research, aerial parts of seven undomesticated species of grasses from the Pooideae sub-

family (Aegilops peregrina, Aegilops geniculate, Aegilops sharonensis, Avena sterilis, 

Brachypodium distachyon, Lagurus ovatus) were sampled at different sampling sites across Israel. 

The endophytic bacterial community of the sampled grasses was enriched in nitrogen-free media 



 

and 173 isolates were obtained. Nitrogen-fixing potential of the isolates was tested at genomic 

level, with the amplification of the gene encoding the dinitrogenase-reductase (nifH); and at the 

biochemical level, with acetylene reduction assay (ARA). Overall, ten isolates were found to have 

the nifH gene. Those were identified using 16S rRNA gene amplicon sequencing as members of 

two phyla, Proteobacteria and Actinobacteria. Acetylene reduction assay was conducted, but 

none of the isolates was able to reduce acetylene at the given conditions.  

A simple assay was developed to test the ability of enrichment cultures and isolates to contribute 

fixed nitrogen to wheat. The experimental setup enabled us to detect minor changes in wheat 

nitrogen uptake. Many isolates were tested; however, apart from some non-significant and not-

reproducible changes in plant growth, neither the isolates nor enrichment cultures were able to 

enhance wheat growth. 

The endophytic community of 5 species of sampled grasses, all from the Pooideae sub family was 

characterized using cultivation-independent molecular tools. 16S ribosomal RNA (rRNA) gene 

amplicons of the whole endophytic community were amplified and sequenced in order to 

determine the bacterial community composition. 16S rRNA results suggest that the endo-

phyllosphere is dominated by Proteobacteria mainly from two orders - Pseudomonadales and 

Betaproteobacteriales. Community structure was mainly determined by host species, but was 

also influenced by geographic location. Two exact sequence variants (ESV's) were found to 

dominate the grasses endo-phyllosphere in all sampled plant species; those were identified as 

species of Ralstonia and Pseudomonas. These results suggest a close association between grasses 

of the Pooideae sub-family and bacteria from these two taxonomical units.  



 

Although nitrogen-fixing isolates with apparent ability to enhance wheat growth were not 

obtained, a full experimental setup was built and trailed, a big collection of endophytic isolates 

was obtained, and the study provides an intriguing first glimpse into the ecology of bacteria inside 

the aerial parts of uncultivated, therophyte grasses.  
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