
Enhancing Water Management and Soil Quality by Using Modified Zeolite 

Gehan G. Abdel-Ghany 1 *, Eman A. Mohammed1; Laila R. Salem1

 

DOI: 10.21608/asejaiqjsae.2025.416838  
1 Department of Soil Chemistry and Physics, Desert Research Center, 

 El-Matareya - Cairo, Egypt   
Received February 05, 2025, Accepted March 11, 2025. 

ABSTRACT 

Climatic changes, water constraint, and soil quality 

degradation, along with rising food demand, need for a 

more effective cultivation system. This study examined the 

role of natural zeolite (Z) and modified zeolite (thermal 

activated zeolite) (AZ) (300 - 400 oC for 3 hours) in 

enhancing soil quality and growth of barley plant at four 

doses 0(d0), 100(d1), 200(d2) and 300 (d3) kg/fed at three 

irrigation water quantities Q1 (60%), Q2 (80%), and Q3 

(100%) through field experiment. The results indicated 

that Z and AZ increased CEC of soil environment, 

available N-P-K and increase soil DTPA extractable of Zn, 

Cu and Mn, and decreased soil EC especially at modified 

zeolite (300kg/fed) at 80% of irrigation water (AZd3Q2) 

followed by (AZd2Q2) then, (AZd1Q2) treatment. 

Additionally, modified zeolite enhanced N-P-K uptake by 

barley grain where, the best percentages of increase 

observed were 26.18%, 39.72%, and 15.92% respectively 

for AZd3Q2 treatment. On the other hand, the modified 

zeolite (200kg/fed) at 80% of irrigation water (AZd2Q2) 

treatment was the best treatment for water consumption 

as it saved 539.1 cubic meters of irrigation water that 

could increase production by 40.7%. Thus economically, 

the study suggested that AZd2Q2 was the best treatment. 

Keywords:  Modified zeolite – soil quality –water 

management. 

INTRODUCTION 

One of the most widely utilized and studied clay 

minerals that can greatly aid in maintaining soil quality 

is the zeolite mineral. “Zeolite”, is Greek word means 

“boiling stones”. It is artificial or natural crystalline 

composed of aluminosilicates as a primarily component. 

The general zeolite formula is Me2/n O. Al2O3. xSiO2. 

yH2O, where y is the water molecules number, x is the 

Si tetrahedron number, n is the atom charge, and Me is 

alkaline atom. It is occurring naturally as volcanogenic 

sedimentary mineral (Jeevika et al., 2015). Zeolite is 

composed of a three-dimensional crystal lattice with 

loosely bonded cations that can be hydrated and 

dehydrated without changing the crystal structure 

(Ramesh and Reddy, 2011). The world's natural zeolites 

are mostly found in Asia, Europe, Africa, Australia, 

New Zealand, and the United States, where their 

deposits are extensive. There are many types of natural 

zeolite such as, chaba, zite, clinoptilolite, mordenite, 

and erionite, which have unique properties and may find 

use in industry (USGS, 2016). Natural and modified 

zeolites have been successfully used in a wide range of 

applications as low-cost adsorbents (Sulaiman et al., 

2020). Chen et al. (2000) discovered, that zeolite 

increased the availability of K+ and Ca2+ and decreased 

the leaching of exchangeable cations, particularly K+, 

due to improving the physical properties of soil. Natural 

zeolites' ion-exchange and sorption capabilities in the 

soil can be exploited to release nutrients gradually and 

uniformly while preventing their rapid removal (Perry 

and Keeling-Tucker, 2000). Moreover, zeolite can 

reduce soil acidity and soil irrigation water, because it 

can retain water molecules within its structure (Comin 

et al., 1999). As well as, it can reduce the temperature 

oscillations, thus the use of zeolite is useful especially in 

arid and semi-arid region, where agriculture uses more 

than 80% of the water in arid and semiarid areas (Earth 

Science Division of CAS, 1998). 

 Zeolite is a hydrated alkaline aluminosilicate that is 

mainly employed to enhance soil quality and raise 

agricultural yields (Mumpton, 1999), consequently, 

using zeolite can help with certain needs, such as 

improving water retention and more efficient fertilizer 

use. As well, zeolite contains micronutrients as Zn, Mn, 

Cu and macronutrients such as N, K, Ca, Mg 

(Navrotsky et al., 1995). In addition, zeolite can be used 

as a carrier to herbicide and pesticide (Molina, 2013).  

The most common type of zeolite is clinoptilolite, 

which is the naturally occurring zeolites and most 

frequently employed in agriculture (Ramesh & Reddy, 

2011 and Badora, 2016). 

 It was observed that the cation-exchangeable 

capacity of the soil was enhanced by the addition of 

clinoptilolite (Usman et al., 2006 and Badora et al., 

2011). In addition, it has beneficial impacts on soil's 

physical and chemical characteristics, such as increase 

water-holding capacity and adsorption capabilities 

(Mumpton, 1999 and Micu et al., 2005).  

Zeolite can hold nitrogen and water in the soil, 

thereby improving nutrient availability and soil 

properties (Nasseem et al., 2011; Szatanik-Kloc et al., 

2021 and El-Ghamry et al., 2024). In study of Abd El-

Azeiz et al. (2024) they found that higher nitrogen doses 

generally increased growth parameters, grain yield and 

grain quality attributes, however zeolite significantly 

enhanced these parameters even at lower nitrogen 

levels, when it incorporation in soil. As well, Zeolite 
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improves soil properties by reducing water leaching, 

thus saving soil water for agronomic crops. Thus, it is 

often used as a water absorbent substance due to its high 

porosity and ability to trap water molecules within its 

pores. When zeolite comes into contact with water, it 

will absorb the water and hold it within its structure.  

Zeolite is one of the soil amendments which improves 

soil properties and saves soil water (Khalifa et al., 2019 

and El-Sherpiny et al., 2020).  

Wu et al. (2019) found that the application of zeolite 

improved the drought resistance of rice and improved 

water productivity by 8.9%. Ippolito et al. (2011) 

concluded that applying zeolite at rate of 22 Mg ha-1 

increased corn weight in comparison to control. 

Nevertheless, when the zeolite application rate raised to 

90 Mg ha-1, there was a reduction in corn weight. This 

decrease was attributed to the higher sodium content in 

soil. El-Mahdy et al. (2022) found that the addition of 

zeolite improved all studied growth and production 

parameters for soybean plant under water deficit 

treatments, compared to the corresponding soybean 

plants grown on un-amended soil. Bernardi et al. (2010) 

found that addition of zeolite to the soil resulted in an 

enhancement of irrigation water use efficiency. This 

improvement was attributed to the increase in the soil's 

water holding capacity and its availability to plants.  

Soil quality is “The ability of a particular type of soil 

to sustain productivity of plants and animals, preserve 

or improve the quality of the water and air, and to 

maintain human health and habitation within the bounds 

of a natural or managed ecosystem” (Williams et al., 

2020).  

Calcareous soil represents more than 30% of the 

earth's land surface, which is prevalent in dry and 

semiarid regions (Wahba et al., 2019). Elevated amount 

of CaCO3 in calcareous soils is considered a big 

challenge to management these soils, where these soils 

face many problems as low availability of nutrients, 

decrease water flow and penetration through the soil 

layers (Taalab et al., 2019). 

Ras Suder soil is a calcareous soil and suffers from 

increase salinity, that decrease the absorption of water 

and nutrients by plant and thus reduce crop yield and 

soil quality. Because pores of natural zeolite are covered 

by organic and inorganic impurities, therefore chemical 

or physical activation must be done (Khairinal and 

Trisunaryanti, 2000). The objective of this study was 

investigation the role of natural and modified (thermal 

activated) zeolite on ameliorating quality of calcareous 

soil (Ras Suder area) under different water levels. These 

objects were achieved through using natural and thermal 

activated zeolite in field experiment and examine the 

role of zeolite on some chemical and physical properties 

of soil, as well the best water treatment in experiment, 

in addition to productivity of barley (Hordeum vulgare 

L.) plant. 

MATERIAL AND METHODS 

The study was conducted as experimental field in 

north Sinai Governorate Ras suder Station-Desert 

research center at lat. 29.62504° and long. 32. 713064° 

during the seasons of experiment the climate was as 

shown in Table (1).   

Cultivation strategies: 

 In field Experiment, Barley plant was planted 

(Hordeum vulgare L.), which is a significant tolerant of 

salt - cereal crop that can be cultivated in a variety of 

soil, water, and climate conditions. 

Clinoptilolit Zeolite which has typical formula of 

unit cell ((Na4K4) (Al8Si40O96).24H2O) (Dogan, 2003), 

was added to field experiment  in two forms, natural 

zeolite (Z) and thermal activated zeolite (AZ) in four 

different rates 0.00 (d0), 100 (d1), 200 (d2), and 300 

(d3) kg/fed, in addition to organic fertilizer (poultry 

manure) at rate 15 m3/fed to all treatments. Three 

irrigation quantities (ETm) were obtained from the 

product of the potential evapotranspiration (ETo) by 

crop coefficient for Barely at every stage then 

multiplying by 0.6, 0.8 and 1.0 for Q1 (1617.3 m3/f), 

Q2 (2156.4 m3/f) and Q3 (2695.5m3/f), respectively. 

The ETo were calculated from Penman-Monteith 

equation (Allen et al., 1998). Drip irrigation system was 

applied. Water consumptive use was calculated using 

the following equation of Israelson and Hansen (1962). 

CU= ((M2-M1) ×dp×D) ÷100 

Where: 

CU = Consumptive use (mm). Such CU is an estimate 

of actual evapotranspiration of the crop i.e. actual ET 

crop. 

D = Depth (in mm) of the irrigated soil under 

consideration. 

dp = Bulk density (g/cm3) of the soil in the relevant soil 

depth. 

M2 = Percentage of moisture in soil (w/w) following 

maximum irrigation within the relevant soil depth. 

M1 = Percentage of soil moisture (w/w) before next 

irrigation (within the relevant depth). 

Soil moisture content was gravimetrically 

determined for 3 depths; 0-20, 20-40 and 40-60 cm, 

immediately before and after 24 hours of irrigation. 

The actual evapotranspiration (ETa) for each stage 

as well as for the total season were determined. (WUE), 

kg/m3 was calculated by dividing the crop yield by the 

amount of seasonal evapotranspiration (Giriappa, 1983). 
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Zeolite preparation and characterization 

Natural zeolite was Clinoptilolite which is the most 

prevalent and well-researched one because of its 

greatest natural abundance, lowest cost, and broadest 

range of physicochemical characteristics (Pitcher et al., 

2004). In this study raw and modified (thermal activated 

zeolite) are used. The activation was done after being 

the zeolite was cleaned with distilled water and allowed 

to dry for two hours at 105 °C in an oven. The 

activation was done at around 300 oC- 400 oC for 3 

hours then it conditioned for two hours in a desiccator to 

create the heat-activated zeolite (Kurniasari et al., 

2011). Elemental composition of raw and thermally 

activated zeolite were determined. In addition to, pH, 

CEC and SSA that determined by (BET) analyzer 

(Table 2). Scanning Electron Microscope (SEM) was 

used to identify surface and structural morphology of 

zeolite by using High resolution, analysis experiments 

that were carried out on a FEI Quanta FEG 250 

instrument Figurer 1 (a, b). Powdered samples of raw 

and activated zeolite had been subjected to X-ray 

diffraction (XRD) by Using X-Ray Diffraction Test 

Instrument BRUKER, D2 PHASER 2nd gen Cu-

radiation, the XRD patterns of both raw and activated 

zeolite were shown in Figure (2). The scan range for the 

diffract gram was within 2θ range of 5–80° with a step 

size of 0.02° and 0.2 second. 

Soil characterization and water analysis 

Some chemical and physical properties of Ras Suder 

soil was determined before experiment Table (4). pH 

and EC (electrical conductivity) of soil were determined 

in 1:1 (v/w) soil extraction (Black, 1965). By sodium 

acetate method CEC was determined. Soil organic 

matter was determined according to Walkley and Black 

(1934) method. Additionally, Collin's calcimeter was 

used to calculate the total carbonate equivalent. The 

Pipette technique was used to analyze the particle size 

of the fraction less than 2 mm (FAO, 1970). Some 

chemical analysis of irrigation water was done 

according to Page at al. (1984) (Table 5). Water 

consumptive use, the soil moisture content was 

gravimetrically determined at 3 depths; 0-20, 20-40 and 

40-60 cm, immediately before and after one day of 

irrigation. The actual evapotranspiration (ETa) for each 

stage as well as for the total season were determined, 

crop coefficient was calculated for each stage of growth 

e according to Allen et al. (1998), Crop Water Use 

Efficiency.  

Assessment of Soil Quality  

After plant harvest, numerous indices of soil quality, 

such as pH, electrical conductivity (EC), and CEC, were 

measured in the soil. In addition to, some micronutrients 

(Mn, Zn, and Cu) were determined using the 

methodology outlined by Lindsay and Norvell (1978), 

then measured by using ICP (Inductively Coupled 

Plasma-Mass Spectrometry). Available NPK were 

determined. 2M potassium chloride solution was used to 

extract the available nitrogen, where Dhank and 

Johnson's (1990) methodology was followed. 

Soltanpour (1991) technique was used to quantify the 

amount of potassium and phosphorus that were 

available. 

Plant analysis 

Barley grains were washed with tap water then with 

distilled water for three times, after that it has been 

dried and grinded then some macro nutrients (N-P-K) 

was determined in grain according to Cottenie et al., 

(1982). In addition to determine crop productivity of 

barley (Hordeum vulgare L.). 

RESULTS AND DISCUSSION 

Zeolite characterization 

Scanning electron microscopy (SEM) is used for 

recognizing zeolites.  Figure 1 (a, b) showed the SEM 

image of Z and AZ. It was obvious that image in Figure 

1 (a) suggested, that there were clusters caused by 

particle agglomeration that vary in size and form. Many 

different shapes of crystal are shown as octahedral and 

cubic crystals, in addition to extremely smooth surface. 

After thermal activation relocation of crystals are 

happened and more pores are formed that might be due 

to lose of impurities and reduction in the number of 

interconnected water molecules inside the structure. 

These results were compatible with results obtained by 

Abdul Aziz et al. (2020). Likewise, pore diameter is 

significantly changed as a result of thermal activation 

due to cations movement (Wasielewski et al., 2018). 

Elemental analysis of the Z and AZ samples with 

smaller particle sizes (<0.5 mm) obtained via energy-

dispersive X-ray analysis (EDX), Table (2) indicated a 

Si/Al mass ratio >4 and amounts, in grams, of Na + K > 

Ca, which is specific to clinoptilolite-type zeolite (Bish 

and Boak, 2001). The contents of major elements did 

not significantly change across the activation 

temperature, the most major elements show increase in 

concentrations, probably due to the loss of organic 

carbon from the sample. The data in Table (2) 

demonstrated that there were improve in CEC of zeolite 

after thermal activation where the value increased from 

156.17 to 250.43 cmol/kg. SSA also increased due to 

thermal activation where it was 25.28 m2/g for Z and 

become 70.57 m2/g for AZ due to cracks and 

fragmentation that formed after activation (Wibowo et 

al., 2016). 

The XRD pattern of raw zeolite Figure 2 (a, b) 

showed that the material was mainly composed of 

Clinoptilolite-Na ((Na, K, Ca)6(Si, Al)36O72·20H2O 

(53.7%), with a presence of Heulandite-Ca 
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(CaAl2Si7O18·6H2O) (47.3%), Figure 2 (a,b). Two major 

peaks at 9.8 and 22.14 (2Ɵ) were corresponding to 

clinoptilolite for both normal and thermal activation 

zeolites. So there was no difference in the crystallinity 

of zeolite as mentioned by Cerjan-Stefanović et al. 

(1996) and Perić et al. (2004) this due to that zeolite has 

high Si/Al ratio and thus great thermal stability. Results 

of XRF analysis in Table (3) Showed that SiO2, Al2O3 

and CaO are the main components and Na, K, Ca and 

Mg are the main cations these results are in agree with 

the results mentioned by Mansouri et al. (2013). During 

ignition of normal and thermal activated zeolite, CO2 

and water from clay minerals were lost by 

percentage13.69 and 17.65 % respectively. The Si/Al 

ratio was also calculated from XRF results for normal 

and thermal activated zeolite (5.29 and 5.50) these 

values are typical of clinoptilolite whose Si/Al ratio 

typically ranged from 4 to 5.5 (Çulfaz and Yağız, 2004). 

 

 

Table 1. Average of climatic data at Ras Suder south of Sinai during months of experiment as stated by the 

Climate Institute of Egypt  

Month 
Prc. Temp.  Temp.  Rel.  Wind  

 max.  min.  hum.  speed  

 mm/m °C °C % m/s 

Dec 5 19.6 14.5 58.1 4.3 

Jan 1 19.2 13.2 61 4.2 

Feb 12 19 13.1 62.7 4.7 

Mar 0 21.5 14.3 54.9 5.2 

 

Table 2. Some characteristics and elemental composition of natural zeolite (Z) and thermal activated zeolite 

(AZ) expressed as (%w/w) 

 

Elements Z (%) AZ (%) 

O 60.40 62.60 

Si 24.40 24.50 

Al 5.20 5.10 

Ca 2.00 1.80 

K 2.10 2.20 

Fe 0.90 0.80 

Mg 0.80 0.70 

Na 0.50 0.50 

Others 3.70 3.60 

Other characteristics   

PH 8.85 7.97 

CEC (cmol/kg) 156.17 250.43 

SSA (m2/g) 25.28 70.57 
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Table 3. The chemical composition of natural zeolite (Z) and thermal activated zeolite (AZ) as results of XRF 

analysis 

Main constituents Z (wt.%) AZ 

(wt.%) 

SiO2 65.14 65.42 

TiO2 0.09 0.09 

Al2O3 12.32 11.89 

Fe2O3 1.64 2.03 

MnO 0.03 0.04 

MgO 1.06 0.78 

CaO 3.88 2.45 

Na2O 3.19 1.15 

K2O 2.35 2.58 

P2O3 0.04 0.03 

SO3 0.06 0.03 

Cl 0.01 0.01 

LOI 13.69 17.65 

Si/Al ratio 5.29 5.50 
LOI = loss on ignition 

 

 
Fig. 1 (a and b) Scanning electron micrograph (SEM) of natural zeolite (Z) and thermal activated zeolite (AZ) 

 

 
Fig. 2 (a, b) XRD pattern of natural zeolite (Z) and thermal activated zeolite (AZ) 
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Table 4. Some chemical and physical characterization of soil 

pH 

 

1:1 

EC 

(dS/m) 

1:1 

O.M 

% 

CaCO3 

(%) 

CEC 

cmolc/kg 

SAR ESP 

% 

Sand 

% 

Silt 

% 

Clay 

% 

 

Texture 

7.16 18.6 1.48 26.36 9.59 31.12 30.86 58.1 28.8 13.1 Sandy loam 

 

Table 5. Some chemical analysis of irrigation water 

Properties  

pH 8.20 

EC (dS/m) 14.67 

TDS (ppm) 9388.80 

O.C (%) 0.134 

SAR 20.28 

ESP (%) 22.27 

Soluble cations  (mmolc/l)  

Ca2+ 39.80 

Mg2+ 27.44 

Na+ 117.60 

K+ 0.98 

Soluble anions (mmolc/l)  

CO3
2- - 

HCO3
- 12.36 

Cl- 118.00 

SO4
2- 54.09 

 

Assessment soil quality after addition natural and 

thermal activated zeolite at different water 

treatments 

Soil pH 

pH was measured in post-harvest soil samples. The 

data in Figure (3) demonstrated that pH slightly 

significant increased after zeolite addition compared to 

control (Table 6) at all different water treatments. The 

least increase in pH was recorded at Q2 (80% irrigation 

water quantity), where the percentage of increases were 

0.14%, 0.41% and 1.37% for d1, d2 and d3 of zeolite 

doses, respectively. Thus, pH was affected by amount of 

zeolite. This might be due to alkaline properties of 

zeolite (Ippolito et al., 2011), where its pH was 8.85 

(Table 2). In addition to H+ in solution takes the place of 

K+ or NH4
+ in zeolite pores, thus pH of soil solution 

increased. These results were insured by Li et al. (2009) 

and Suradkar et al. (2023) who observed increase in soil 

pH value with increase zeolite rate. However, Karami et 

al. (2020) found that there was no significant impact of 

zeolite on soil pH. As well, there were slightly 

significant increase in pH values in case TZ compared 

to Z treatment. This increase due to increase numbers of 

pores which are formed after thermal activation due to 

lose of impurities and thus more H+ get into these pores. 

The study may argue the slightly increase in pH to the 

addition of organic fertilizer which biodegraded under 

field condition and offset the high increase in pH values. 

Interaction between irrigation treatment x zeolite doses 

showed slight significant effect. 
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Table 6. pH, EC, and CEC values in soil treated by zeolite and activated zeolite at 3 different water treatment  

Water 

treatment 

Zeolite 

doses 

pH 

1:1 

EC 

dS/m 1:1 

CEC 

cmolc/kg 

  Z AZ Z AZ Z AZ 

Q1        

 d0 7.26d 7.26d 17.16c 17.16cd 8.84e 8.84f 

 d1 7.37c 7.31cd 17.23c 16.87d 9.12d 9.67e 

 d2 7.45b 7.37c 16.69de 16.65d 10.08c 10.82d 

 d3 7.54a 7.59a 16.96d 16.01e 11.16b 11.32cd 

Q2 d0 7.32cd 7.32cd 17.71b 17.71b 9.21d 9.46e 

 d1 7.33c 7.39c 17.57bc 16.46d 9.95c 10.48de 

 d2 7.35c 7.42b 16.98d 16.62d 10.57b 11.38cd 

 d3 7.42b 7.46b 16.86d 15.99e 11.55ab 12.96b 

Q3 d0 7.17e 7.17e 18.08a 18.08a 9.57cd 9.49e 

 d1 7.24d 7.32cd 17.90b 16.99cd 10.25b 11.07d 

 d2 7.29cd 7.44b 17.13c 16.70d 11.12ab 11.99c 

 d3 7.32c 7.55a 16.98cd 16.55d 11.92a 13.57a 

LSD 0.05        

Z.T  0.012 0.010 0.261 0.346 0.005 0.407 

W.T  0.011 0.008 0.226 0.300 0.004 0.353 

WXZ  0.022 0.017 NS NS 0.008 NS 
Q1, Q2, Q3: 60%, 80% and 100% of irrigation water, respectively - d0, d1, d2 and d3: 0, 100, 200 and 300 kg/fed zeolite or activated zeolite - Each 

value is an average of three replicates. Least significant differences (LSD) at P < 0.05. Same letters within a column indicated there was no 

significant difference according to the Duncan test at P < 0.05 

 

 
Fig. 3. pH values of soil treated by Z and AZ at 3 different water treatments (Q1, Q2and Q3) 

 

Electrical conductivity EC 

Figure (4) showed that EC was significantly 

decreased (Table 6) in soil after zeolite addition. For 

instance, at Q2 water treatment, EC was 17.71 ds/m in 

control treatment (d0) and decreased to 17.35, 17.05, 

and 17.01 ds/m in d1, d2, and d3 for Z treatments, 

respectively. In all water treatments, the reduce in EC 

value was recorded in soil treated with high zeolite 

dose. That may be due to the negative charge found on 

zeolite which generated by the presence of AlO2- and 

stabilized by cations as Na+ in addition to; zeolite has a 

large surface area for containing and exchanging vital 

nutrients due to its open structure with a crisscross 

pattern of pores (Munir et al., 2024). Zeolite has ability 

to adsorb sodium ions and trapped them in its cavities 

that could improve soil salinity. These results were 

insured by Bybordi (2016). Additionally, Noori et al. 

(2006) reported that natural zeolite clinoptilolite has 

ability to decrease soil salinity. 

The decrease in EC for soil treated by AZ was 

higher than in soil treated by Z as shown in Figure (4), 

that might be due to increase CEC of AZ than Z (Table 
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2). In addition, no significant effect between interaction 

water treatments x zeolite doses was observed. 

Cation exchange capacity CEC  

According to results of study, zeolite addition to soil 

significantly increased CEC of soil environment (Table 

6 and Figure 5). At Q2 water treatment has the highest 

percentage of increasing CEC value of soil environment 

that was recorded (23.73%) at Zd3 treatment, while the 

lowest increasing (6.59%) was recorded at d1 for zeolite 

treatment, therefore the CEC value increase by 

increasing dose of zeolite added to soil. These results 

were observed by Badora et al. (2011); Ozbahce et al. 

(2015) and Suradkar et al. (2023). These increases 

might be attributed to high CEC of zeolite due to its 

unique pore structure as shown in Figure (1a). It has 

cages with a diameter of around 12 Å make up this pore 

structure, which is joined by channels with a diameter of 

roughly 8 Å. These channels are composed of 12 

interconnected tetrahedron rings (Kaduk and Faber, 

1995). In addition to, the presence of organic fertilizers, 

which contributes to increase CEC of soil environment 

due to release some compounds such as lignin that can 

adsorb cations from soil solution (Lima et al., 2009). 

Similar results were obtained by Kalita et al. (2020) 

who discovered that adding composted manure and 

clinoptilolite zeolite enhances soil physical 

characteristics including soil CEC. 

If we compare between Z and AZ, the data 

demonstrated that the increase in CEC of soil 

environment was significantly higher in case AZ than in 

Z at the same zeolite dose in all water treatments. For 

example, at Q2 water treatment the date showed at 

AZd3 that the percentage of increase was 38.83% while 

in Zd3 was 23.73%. These results might have attributed 

to removal of organic impurities from zeolite structure 

due to the thermal activation process which also 

increase number of pores and pore diameter 

(Purbaningtias et al., 2017) as shown in Table (2). On 

the other hand, for interaction between different water 

treatments x zeolite doses has no significant effect on 

CEC values (Table 6). 

 

 
Fig. 4. EC values of soil treated by Z and AZ at 3 different water treatments Q1, Q2 and Q3 

 

 
Fig. 5. CEC values of soil treated by Z and AZ at 3 different water treatments 
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Table 7. Average values of available NPK in soil treated by Z and AZ at 3 different water treatments  

Water 

treatment 

Zeolite 

doses 

N(mg/g) P(mg/g) K(mg/g) 

  Z AZ Z AZ Z AZ 

Q1 d0 206e 206e 6.68d 6.68d 92f 92f 

 d1 217d 228d 6.93cd 7.41b 133e 159d 

 d2 221cd 242cd 7.71bc 7.71ab 166d 207c 

 d3 228c 249cd 7.83b 7.93a 194c 235ab 

Q2 d0 226c 226d 7.19c 7.19c 98f 98f 

 d1 256ab 277c 7.71bc 7.41b 187cd 199d 

 d2 266a 295b 7.89b 7.71ab 211bc 235b 

 d3 270a 315ab 8.19a 8.04a 232a 246a 

Q3 d0 244b 244cd 6.42e 6.42 102 102e 

 d1 256ab 302b 6.53d 7.17c 179cd 205c 

 d2 263a 323ab 6.66d 7.39b 221b 239ab 

 d3 274a 337a 6.84b 7.46b 237a 246a 

LSD 0.05        

Zd  0.586 0.723 0.083 0.079 0.253 0.821 

Q.T  0.677 0.835 0.096 0.091 0.292 0.948 

ZXQ  1.172 1.445 0.166 0.158 0.505 1.642 
Q1, Q2, Q3: 60%, 80% and 100% of irrigation water, respectively - d0, d1, d2 and d3: 0, 100, 200 and 300 kg/fed zeolite or activated zeolite - Each 

value is an average of three replicates. least significant differences(LSD) at P < 0.05. Same letters within a column indicated there was no 

significant difference according to the Duncan test at P < 0.05 

 

Available NPK 

For available nitrogen and potassium, the data 

showed that there was significant increase in soil 

available nitrogen and potassium (Table 7 and Figure 

6), due to increase the dose of zeolite added to soil. In 

soil treated with natural zeolite the percentage of 

available N increased by 13.30%, 17.96% and 19.51% 

for Zd1%, Zd2 % and Zd3 % zeolite treatment 

respectively, compared to control (Zd0) at Q2 irrigation 

water amount. The percentage of available K increased 

by increasing the dose of zeolite as follow, Zd3 

(137.90%) > Zd2 (115.74%) > Zd1 (91.17%). Zeolite 

decreased the leaching of nitrogen and K due to its large 

porosity and special structure that facilitate enter and 

exit ions, in addition to its selectivity to ammonium and 

potassium ions, this result was mentioned by Torma et 

al. (2014); Baghbani-Arani et al. (2021) and Ravali et 

al. (2021). Likewise, the presence of organic fertilizer 

provided soil with N and K. Zeolite partially prevents 

the nitrification process and decrease nitrate leaching as 

mentioned by Lija et al. (2014) and Waldrip et al. 

(2014). Thus zeolite storage, collection and delayed 

release of nitrogen and potassium as mentioned by 

Ravali et al. (2021) who found that zeolite increase 

availability of N and K in incubation experiment in 

alkaline loamy sand soil because it reduces losses and 

leaching of these elements. As well, Tallai et al. (2017) 

observed significantly increase in available N, P and K 

after soil treatment with zeolite. 

By comparison between Z and AZ treatments the 

percentage of increase for available nitrogen was higher 

in soil treated with thermal activated zeolite than in soil 

treated with natural zeolite where the percentage of 

increase 22.61%, 30.59% and 39.69% for AZd1%, 

AZd2 % and AZd3 %, respectively, compared to control 

AZd0 at Q2 water treatment. Likewise, for available 

potassium the percentage of increase was higher in AZ 

than for Z treatment, where it increased by 104.28%, 

141.26% and 151.73% for AZd1, AZd2 and AZd3, 

respectively. These results could be attributed to 

increase CEC of soil environment after addition thermal 

activated zeolite, that have high CEC and SSA values 

(Table 2). In the same vein the percentage of increase 

differed with various irrigation amount of water, where 

the treated soil with natural and thermal activated 

zeolite at Q2 irrigation water amount had the highest 

amount of available nitrogen followed by Q3 then Q1. 

    For available phosphorus the percentage of increase 

after zeolite addition was low compared to available 

potassium. At Q2 water treatment, the percentage of 

increase in available p was as follow Zd1 (7.31%), Zd2 

(9.81 %), and Zd3 (13.99 %) thus, available P 

significantly increased by increasing the rate of zeolite 

in soil (Table 7). This may be due to alkaline nature of 

zeolite and presence of negative charge, that reduce soil 

available Fe, and Al ions thus, decrease P fixation by 

metal oxy hydroxides as mentioned by Allen et al. 

(1993) and Shokouhi et al. (2015) similar observation 

was reported by Zheng et al. (2019) who found, that 
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clinoptilolite zeolites increase availability of P in soil. 

By comparison between Z and AZ treatments there were 

slightly significant change, likewise, in different water 

treatments. Furthermore, the interaction between water 

treatment x zeolite doses was significant. 

 

 
 

 
 

 
Fig. 6. Available NPK values of soil treated by Z and AZ at 3 different water treatments Q1 (60%), Q2 (80%) 

and Q3 (100%) DTPA extractable of Zn, Cu, and Mn  
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Table (8) showed average values of DTPA 

extractable of Zn, Cu, and Mn in soil after and before 

soil treatment by two forms of zeolite at three different 

irrigation treatments. The data demonstrated that the 

addition of zeolite significantly increased the amount of 

DTPA extractable Zn compared to control. At Q2 of 

irrigation water treatment, the percentage of increase in 

DTPA extractable of Zn was 7.25%, 17.79% and 32.45 

% for zeolite doses Zd1, Zd2, and Zd3, respectively. As 

well there was significant increase in DTPA extractable 

copper in soil amended with zeolite compared to 

control. The percentage of increase was 4.65%, 10.30%, 

and 28.57 % for Zd1, Zd2, and Zd3 doses, respectively, 

at Q2 water treatment. Therefore, increase zeolite dose 

has a positive effect on DTPA extractable of copper. 

Furthermore, the DTPA extracted Mn increased 

significantly after zeolite addition compared to control. 

The percentage of increase in DTPA extracted of Mn 

was as follow. 24.37%,40.49%, 53.51% for Zd1, Zd2, 

and Zd3 respectively at Q2 water treatment. At different 

irrigation water treatments, the effect of zeolite doses on 

DTPA extracted of Mn was more obvious (Figure 7). 

Thus DTPA extractable Zn, Cu and Mn increased due to 

increase zeolite dose especially, in the present study of 

where the presence of organic fertilizer enriches the soil 

by different nutrients. These results are in agreement 

with Kavvadias et al.  (2023) who demonstrated, that 

Clinoptilolite zeolite could adsorb different cations as 

Zn, Mn, Cu which exists in readily available fractions 

due to its high CEC and SSA in alkaline soils. In 

addition, Restiawaty et al. (2024) demonstrated that 

zeolites can adsorb cations because of the negative 

charges on their surface. 

  On the same vein, addition of thermal activated 

zeolite to soil increased DTPA extractable Zn, Cu and 

Mn depending on doses of zeolite. At Q2 irrigation 

water treatment, Zn DTPA extractable increased 

significantly by addition AZ compared to Z at the same 

zeolite dose, where the percent of increase was 22.90%, 

35.58% and 44.48% at AZd1, AZd2, and AZd3, 

respectively. The percentage of increase in DTPA 

extracted Cu was recorded as follow 7.97%, 22.26% 

and 26.91% for AZd1, AZd2, and AZd3, respectively. 

At the same water treatments DTPA extracted Mn was 

33.36%, 42.27% and 55.68% for AZd1, AZd2, and 

AZd3, respectively. These findings due to increase CEC 

of activated zeolite-treated soils (Suradkar et al., 2023). 

In addition, the results demonstrated that the interaction 

between water treatments x zeolite doses has a 

significant effect on DTPA extractable Zn, Cu and Mn. 

The study could interperate this positive interaction to 

increase microbial activity, which accelerate the 

biodegradation of organic fertilizers in zeolite- treated 

soil. Furthermore, after thermal treatment of zeolite, the 

empty pores could be filled with water molecules or 

adsorbates (Kuldeyev et al., 2023).   

Table 8. Average values of DTPA extracted Zn, Cu and Mn in soil treated by zeolite and activated zeolite at 3 

different water treatments  

Water 

treatment 

Zeolite 

doses 

Zn (mg/kg) Cu (mg/kg) Mn (mg/kg) 

  Z AZ Z AZ Z AZ 

Q1 d0 5.21f 5.21g 2.66de 2.66f 23.62g 23.62h 

 d1 5.41ef 7.20d 2.61de 3.22de 27.25f 30.81f 

 d2 6.31cd 7.65c 2.77d 3.35d 30.07e 34.93e 

 d3 6.57c 7.95bc 2.92c 3.58cd 32.34d 38.39c 

Q2 d0 6.27d 6.27e 3.03c 3.03e 26.01f 26.01g 

 d1 6.64b 7.63c 3.23bc 3.32d 32.10d 34.52d 

 d2 7.38bc 8.40b 3.35b 3.75c 36.59b 36.79cd 

 d3 8.24a 8.84 3.84ab 3.84ab 39.62a 40.31 

Q3 d0 5.71e 5.71f 3.33b 3.33d 27.55f 27.55g 

 d1 6.45c 7.85bc 3.47b 3.78c 31.60d 33.42d 

 d2 6.56c 8.61ab 3.90ab 3.97b 33.29c 41.52b 

 d3 7.50b 8.85a 4.11a 4.58a 38.23a 43.71a 

LSD 0.05        

Zd  0.257 0.111 0.089 0.0423 0.324 0.386 

Q.T  0.222 0.096 0.077 0.037 0.281 0.335 

ZXQ  NS 0.192 0.154 0.0733 0.561 0.669 
Q1, Q2, Q3: 60%, 80% and 100% of irrigation water, respectively - d0, d1, d2 and d3: 0, 100, 200 and 300 kg/fed zeolite or activated zeolite - Each 
value is an average of three replicates. Least significant differences (LSD) at P < 0.05. Same letters within a column indicated there was no 

significant difference according to the Duncan test at P < 0.05 
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Fig. 7. DTPA extracted Zn, Cu and Mn in soil treated by RZ and AZ at 3 different water treatment 
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Table 9. NPK in grains of barley plant grow in treated soil by zeolite and activated zeolite at 3 different 

irrigation treatments  

Irrigation 

Treatment 

Zeolite 

doses 

N(mg/g) P(mg/g) K(mg/g) 

  Z                AZ Z                   A Z Z                  AZ 

Q1 d0 27.35f 27.55g 2.275i 2.256f 5.436f 5.455h 

 d1 28.55e 29.55f 2.565h 2.879e 5.674e 5.868g 

 d2 28.99e 31.55e 2.874g 2.957e 5.883d 6.036f 

 d3 29.55d 33.25d 2.998g 3.224de 5.926d 6.173e 

Q2 d0 29.69cd 29.73f 3.635f 3.518d 6.355c 6.346d 

 d1 32.09bc 33.95d 4.015e 4.426c 6.574c 6.675c 

 d2 33.58bc 36.68b 4.293cd 4.835b 6.653bc 7.155bc 

 d3 34.68b 37.48ab 4.538c 4.997b 6.975b 7.361b 

Q3 d0 30.39c 30.53e 4.523c 4.516c 7.502a 7.514ab 

 d1 33.56bc 34.39c 4.735c 4.833b 7.571a 7.604ab 

 d2 34.39b 36.48b 5.034b 5.136ab 7.663a 7.692a 

 d3 36.46a 38.39a 5.255a 5.468a 7.666a 7.722a 

LSD 0.05        

Zd  0.163 0.063 0.383 0.056 0.137 0.215 

Q.T  0.141 0.121 0.331 0.049 0.119 0.186 

ZXQ  0.282 0.182 0.663 0.098 0.238 0.373 
Q1, Q2, Q3: 60%, 80% and 100% of irrigation water, respectively - d0, d1, d2 and d3: 0, 100, 200 and 300 kg/fed zeolite or activated zeolite - Each 

value is an average of three replicates. Least significant differences (LSD) at P < 0.05. Same letters within a column indicated there was no 

significant difference according to the Duncan test at P < 0.05 

 

NPK in Barley grains 

Table (9) showed average content of NPK in barley 

grain. Elements content in barley grain showed 

considerable variation based on zeolite doses and types, 

in addition to irrigation quantity of water. At Q2 

irrigation water, the content of Nitrogen element in 

barley grain increased due to increase zeolite doses 

compared to control treatment, where the percentage of 

increase was 8.02%, 13.05% and 16.75% for Zd1, Zd2, 

and Zd3, respectively. As well, phosphorus content in 

grains increased by increasing zeolite doses. The 

percentages of increase were 12.28%, 20.03% and 

26.89% for zeolite doses Zd1, Zd2, and Zd3, 

respectively, at Q2 irrigation water quantity. For 

potassium element it increased by percentage 3.52%, 

4.76% and 9.84% for different zeolite treatment Zd1, 

Zd2, and Zd3, respectively, at Q2 irrigation water 

quantity. These results stated, that Zd3 was the best 

treatment. These findings may be due to sorption 

capability of zeolite -treated soil to nutrients that 

prevent its removal then release it gradually to plants 

(Perry & Keeling-Tucker, 2000 and Ahmed, 2010). 

Additionally, applying zeolite to soil enhances soil 

condition and fertility by influencing microbial activity 

and soil structure (Garau et al., 2007). Ozbahce et al. 

(2015) mentioned that zeolite application to calcareous 

soil raised the amounts of N, K, Zn, Mn, and Cu in plant 

tissues. As well, Ahmed (2010) demonstrated that 

Clinoptilolit Zeolite showed the best N, P and K uptake 

in plant tissues because of less leaching of these 

nutrients and helps to retain nutrients in root zone by 

enhancing nutrient absorption.  

Similarly, thermal activated zeolite doses influenced 

significantly on grain content of NPK. For nitrogen the 

percentage of increase was 14.30%, 23.49% and 26.18 

% for AZd1, AZd2, and AZd3, respectively at Q2 

irrigation water quantity. For phosphorus the percentage 

of increase was 23.75%, 35.21%, and 39.72% for AZd1, 

AZd2, and AZd3, respectively at Q2 irrigation water 

quantity. The percentage of increase in potassium 

content was higher in AZd3 (15.92) compared to other 

activated zeolite treatments, followed by AZd2 

(12.67%) then AZd1 (5.12%) at the same irrigation 

water quantity. Thermal activation of zeolite improves 

its porosity so, its ability to retain more ions and water 

molecules increase (Kalita et al., 2020). Thus, zeolite 

application to calcareous soil raised the amounts of N, 

K, Zn, Mn, and Cu in plant tissues (Ozbahce et al., 

2015). Interaction between zeolite doses x irrigation 

water quantities has significant effect on NPK grain 

content. Available nutrients increased by increasing the 

amount of irrigation water that might due to increase 

microbial activity in soil environment that encourage 

oxidation and biodegradation of organic fertilizers as 

mentioned by Gallardo-Lara & Nogales (1987) and 

Antoniadis & Alloway (2003). 
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The interfering effect of irrigation quantities, type of 

zeolite and concentration of its addition on the actual 

water consumption of barley (Table 10): 

1- Effect of water quantities on actual water 

consumptive 

The results showed that, by increasing the amount of 

added, the barley water consumption increased and vice. 

Applied water quantities significantly raised the actual 

water use. These findings align with those of Abdel-

Ghany and Abd El-Aleem (2020) on Pelargonium 

graveolens, Abd-Elghany et al. (2017) on fenugreek, 

and El-Boraie et al. (2009) on peanut plants. The water 

consumption increased with treatment Q3 by a 

percentage 16.8% compared to treatment Q1. 

2-Effect of Zeolite type on actual water consumptive 

Through the statistical analysis of the results, it was 

found that activated zeolite had an effective role in the 

plant's tolerance to water shortages and reduced water 

consumption by 2.53% compared to natural zeolite. 

3-Effect of Zeolite concentration on actual water 

consumptive 

It was found that the amount of zeolite added had a 

significant effect on actual water consumption of barely 

plants, as there was a significant decrease in water 

consumption by 5.7% by increasing the amount of 

zeolite from zero to 300 kg/f. 

4- The interaction effect between water quantities 

and Zeolite type on actual water consumptive 

The results of the interaction between the amounts 

of water and the type of zeolite showed that treatment 

ZQ1 (irrigation amount 60% with the addition of natural 

zeolite) had the lowest water consumption by 

3%compared to treatment AZ Q3 (irrigation amount 

100% with the addition of modified zeolite) which 

recorded the highest water.   

5- The interaction effect between water quantities 

and Zeolite concentration on actual water 

consumptive 

By studying the interfering effect between the 

amounts of added zeolite and the amounts of irrigation 

water, adding 300kg/f had a significant effect on 

improving the soil's ability to retain water and helping 

the plant tolerate water shortages. Consequently, there 

was a decrease in the amount of water consumed with 

treatment d3Q1, which achieved the lowest water 

consumption by 19.5% compared to treatment (d0Q3).    

6- The interaction effect between Zeolite type and 

Zeolite concentration on actual water consumptive 

From the results obtained, it was found that 

concentration of the addition had a leading role over the 

type of zeolite, and the effect of concentration was more 

evident with the modified zeolite than natural case. The 

addition of 300 kg/f of the modified zeolite was 7.6% 

less water consumption than natural zeolite treatment 

with zero addition rate (AZd0). 

7- The interfering effect of irrigation quantities, type 

of zeolite and concentration of its addition on the 

actual water consumption of barley 

Through the results of the experiment and statistical 

analysis of the data, it was found that the interaction 

between the amounts of water and both type and 

concentration of zeolite has a clear significant effect on 

the actual water consumption of the barely plant. The 

irrigation treatment of 60% 0f irrigation needs with 

natural zeolite at a concentration of 300kg/fed had the 

lowest water consumption by 21.5% compared to the 

(AZd0Q3) treatment. 

Table 10. The interfering effect of irrigation quantities, type of zeolite and concentration of its addition on the 

actual water consumption of barley  

Zeolite type Zeolite doses Q1 Q2 Q3 

  m3/fed 

Z d0 1892.5  hi 2012.9  e 2230.6  a 

d1 1826.6  k 1981.1  f 2157.5  b 

d2 1803.3  lm 1973.8  f 2156.2  b 

d3 1780.7  n 1942.7  g 2069.9  d 

AZ d0 1888.9  hi 1979.2  f 2157.1  b 

d1 1813.2  kl 1896.4  h 2097.4  c 

d2 1752.0  o 1871.4  ij 2065.7  d 

d3 1787.5  mn 1860.1  j 2057.3  d 

variable Q Z d QxZ Qxd Zxd QxZxd 

LSD 0.05 8.7789 4.2350 7.6888 10.180 14.346 10.303 23.603 
Q1, Q2, Q3: 60%, 80% and 100% of irrigation water, respectively - d0, d1, d2 and d3: 0, 100, 200 and 300 kg/fed zeolite or activated zeolite - Each 

value is an average of three replicates. Least significant differences (LSD) at P < 0.05. Same letters within a column indicated there was no 
significant difference according to the Duncan test at P < 0.05 
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The interfering effect of irrigation quantities, type of 

zeolite and doses of its addition on the barley yield 

and its component (Table 11): 

1-Effect of water quantities on the barley yield and 

its component  

The statistics result showed that the amount of water 

has the main role in the effect of the productivity of 

grain, straw and thus the total crop of barely. By 

increasing the amount of water the production 

increased. The best treatment was Q2 (80% of the 

irrigation needs), which has increased production rate 

by 86.5%,75.22% and 80.72% for each of the cereal, 

straw and the total crop respectively compared to 

Q1treatment (60% of irrigation needs). 

2-Effect of Zeolite type on the barley yield and its 

component                                         

The modified zeolite had a better effect on productivity 

compared to the treatment processed, causing increased 

in production by 5.45%, 12.52% and 98.9% for each of 

grain, straw and total crop in a row. This results agree 

with Mumpton (1999). 

3-Effect of Zeolite type on the barley WUE 

The results of the statistics indicated that the 

modified zeolite outperformed the processed zeolite in 

razing the efficiency of water consumption in rates of 

8.84%, 15.75% and 12.21% for each the grains, straw 

and the total crop. 

4-Effect of Zeolite concentration on the barley yield 

and its component      

The zeolite concentration adding had a significant 

effect on production. It was the best treatment to add 

200 kg/f, with the production of 65.04 %, 45.06% and 

54.9 % for each of the grain, straw and the total crop in 

a row compared to the treatment of the control. In the 

same trend.  

5- The interaction effect between water quantities 

and Zeolite type on the barley yield and its 

component 

By studding the overlap between the amount of 

water and the type of zeolite, it was found that the 

treatment Q2 (80%) was the best transaction whether 

the natural or thermal laboratories zeolite El-Mahdy et 

al. (2022) found  that the addition of zeolite improved 

all studied growth and production for  soybean plant 

under water deficit. The best transaction (AZQ2) are 

followed by the treatment (ZQ2), achieving an increase 

in production 106.5 % and 101.1%, respectively 

compared with (ZQ1) treatment, which recorded the 

lowest productivity for the grain crop and the same 

trend was noticed with both straw and total crop.  

6- The interaction effect between water quantities 

and Zeolite concentration on the barley yield and its 

component 

By examining the interaction effect between water 

quantity and the concentration of adding, it was found 

that zeolite concentration affecting the plant's ability to 

with stand the water shortage and increase its 

production. The best transaction was d1Q2 followed by 

d2Q2, achieved in productivity by 137.1% and 102.3% 

compared to d0Q1, respectively.  

7- The interaction effect between Zeolite type and 

Zeolite concentration on the barley yield and its 

component 

The results of the statistical analysis indicated that 

the best productivity was obtained with AZ and 

concentration of 200 kg/f for each of grain and straw as 

well as the total crop. The ratio of 78.6%, 60.3% for 

grains, 75.6%, 28.5%% for straw, 77.12% and 43.19% 

for total crop compared to the treatment of the control 

for both AZ and Z, respectively.  

8- The interfering effect of irrigation quantities, type 

of zeolite and concentration of its addition on the 

barley yield and its component 

The statistics results for interference between 

transactions showed that the best productivity it gets 

from water treatment 80% of irrigation needs with AZ 

and the concentration of adding 200kg/fed, followed by 

transactions Zd2Q2 and AZd1Q2 investigators of 

772.9kg/fed, 720.5 kg/fed and 638 kg/fed compared to 

the treatment Zd0Q1 which recorded the least 

productivity in the arrangement. 

 

 

 

 

 

 

 

 

 



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 46, No.1 JANUARY – MARCH 2025                                

 

128 

Table 11. The interfering effect of irrigation quantities, type of zeolite and doses of its addition on the barley 

yield and its component  

Irrigation 

quantity 

 

Zeolite type Zeolite doses Cereals Straw 

 

(Kg/fed) 

Total yield 

 

 

Q1 Z d0 330.0 o 361.2 m 691.2 p 

 d1 489.5 k 451.0 kl 940.5 n 

 d2 462.0 l 491.3 j 953.3 mn 

 d3 379.5 n 497.2 j 876.7 o 

 AZ d0 430.8 m 507.8 ij 938.7 n 

 d1 533.5 ij 531.7 hi 1065.2 jk 

 d2 559.2 h 533.5 hi 1092.7 j 

 d3 445.5 lm 440.4 l 885.9 o 

Q2 Z d0 623.3 g 552.6 h 1175.9 i 

 d1 918.5  c 991.8 b 1910.3 c 

 d2 1050.5 a 850.7 d 1901.2 c 

 d3 748.0 ef 663.7 g 1411.7 h 

 AZ d0 628.8 g 803.0 e 1431.8gh 

 d1 968.0 b 1068.8 a 2036.8 a 

 d2 1072.9 a 907.5 c 1980.4 b 

 d3 759.7 de 845.2 d 1604.9 e 

Q3 Z d0 469.3 kl 392.3 m 861.7 o 

 d1 528.0 ij 487.7 jk 1015.7 kl 

 d2 910.1 c 857.3 d 1767.3 d 

 d3 777.3 d 711.3 f 1488.7fg 

 AZ d0 523.3 j 480.3 jk 1004.7lm 

 d1 550.7 hi 473.0 jkl 1023.7 kl 

 d2 907.5 c 852.5  d 1760.0 d 

 d3 724.2 f 779.2 e 1503.3 f 

Variable Q Z d QxZ Qxd Zxd QxZxd 

LSD 0.05(cereal) 12.28 9.26 8.23 16.68 17.2 13.63 27.86 

LSD 0.05(straw) 16.76 12.03 11.9 22.28 24 20 18.82 39.35 

LSD 0.05(total yield) 25.03 20.97 17.72 35.79 36.09 30.05 59.80 
Q1, Q2, Q3: 60%, 80% and 100% of irrigation water, respectively - d0, d1, d2 and d3: 0, 100, 200 and 300 kg/fed zeolite or activated zeolite - Each 

value is an average of three replicates. Least significant differences (LSD) at P < 0.05. Same letters within a column indicated there was no 

significant difference according to the Duncan test at P < 0.05 

 

The interfering effect of irrigation quantities, type of 

zeolite and concentration of its addition on the 

barley WUE (Table 12): 

1-Effect of water quantities on the barley WUE  

Through the results, it was found that there was an 

increase in the efficiency of water consumption with 

water shortages, and the amount of water Q2 was 

achieved the highest efficiency of water consumption in 

rates 37.31%, 45.05% and 41.03% for each grain, straw 

and total crop respectively compared to the treatment 

Q3. this result agree with Abd-Elghany et al. (2017), 

who found that water use efficiency by fenugreek plants 

increased as irrigation water depth decreased. 

2-Effect of Zeolite type on the barley WUE 

The results of the statistics indicated that the AZ 

outperformed the processed zeolite in razing the 

efficiency of water consumption in rates of 8.84%, 

15.75% and 12.21% for each the grains, straw and the 

total crop. 

3-Effect of Zeolite concentration on the barley WUE 

The concentration of the zeolite had amoral effect on 

raising the efficiency of water consumption, as the 

concentration increased the efficiency increased. The 

best concentration 200kg/f, achieved an increase of 

71%, 24.1% and 27.55% the conversion of the control, 

d1 and d3. This results are in line with Ippolito et al. 

(2011) concluded that applying zeolite at rate of 22 

Mgha-1 increased corn weight in comparison to control. 

Nevertheless, when the zeolite application rate raised to 

90Mg ha-1, there was a reduction in corn weight. This 

decrease was attributed to the higher sodium content. 
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4- The interaction effect between water quantities 

and Zeolite type on the barley WUE 

The natural or modified zeolite had a clear role in 

raising the efficiency of water consumption with the 

decrease in the amount of water, these results in 

harmony with Bernardi et al. (2010) who found that 

addition of zeolite to the soil resulted in an enhancement 

of irrigation water use efficiency. This improvement 

was attributed to the increase in the soil's water hold in 

capacity and its improved availability to plants, 

especially the treatment Q2, which achieved the highest 

efficiency of water consumption with AZ, cause of an 

increase in the water consumption efficiency by 44.5% 

and 98.5% compared to the treatments ZQ3 and ZQ1, 

respectively, followed by the treatment ZQ2 causing an 

increase of 34.93% and 85.43% compared to the same 

previous transactions for grain and the same direction is 

observed with the straw and total crop.   

5- The interaction effect between water quantities 

and Zeolite concentration on the barley WUE  

The concentration of 200kg/f with amount of water 

Q2 (80%) was the highest efficiency of the consumer 

water, achieving 143.7% of the d0Q3 treatment for 

grain crop. while the d1Q2 transaction was the best in 

the case of the straw and total crop. This results are in 

the same direction with El-Mahdy et al. (2022) who 

found that the addition of zeolite improved all studied 

growth and production for soybean plant under water 

deficit treatments. 

6- The interaction effect between Zeolite type and 

Zeolite concentration on the barley WUE 

The concentration of the addition 200kg/f with AZ 

was the best in terms of the efficiency of water 

consumption, followed by the same focus with the Z for 

the grain crop, an increase of 90.84% and 74.3%  

Table 12. The interfering effect of irrigation quantities, type of zeolite and concentration of its addition on the 

barley WUE 

Irrigation 

quantity 

Zeolite type concentration cereals Straw 

(Kg/Fed) 

Total yield 

 

Q1 Z d0 0.174 r 0.191 m 0.365 m 

d1 0.268 l 0.247 k 0.515hi 

d2 0.256 m 0.273 j 0.529 h 

d3 0.213 q 0.279 ij 0.492 jk 

AZ d0 0.228 p 0.269 j 0.497 ij 

d1 0.294 k 0.293 hi 0.588 g 

d2 0.313 j 0.299 h 0.611 f 

d3 0.254 mn 0.251 k 0.506 hij 

Q2 Z d0 0.310 j 0.275 j 0.584 g 

d1 0.464 d 0.501 b 0.964 b 

d2 0.532 b 0.431 d 0.963 b 

d3 0.385 h 0.342 g 0.727 e 

AZ d0 0.318 j 0.460 e 0.724 e 

d1 0.510 c 0.564 a 1.074 a 

d2 0.573 a 0.489 b 1.058 a 

d3 0.409 g 0.454 c 0.863 c 

Q3 Z d0 0.211 q 0.176 m 0.387 m 

d1 0.245 no 0.226  l 0.471 kl 

d2 0.422 f 0.398 e 0.820 d 

d3 0.376 h 0.344 g 0.719 e 

AZ d0 0.243 0 0.223  l 0.466  l 

d1 0.263 lm 0.226  l 0.488 jk 

d2 0.439 e 0.413 e 0.852 c 

d3 0.352 i 0.378 f 0.731 e 

variable Q Z d QxZ Qxd Zxd QxZxd 

LSD 0.05(cereal) 0.006 0.004 0.004 0.008 0.008 0.006 0.0109 

LSD 0.05(straw) 0.0105 0.005 0.005 0.0128 0.0135 0.009 0.0159 

LSD 0.05(total yield) 0.0151 0.0105 0.008 0.0198 0.0199 0.0150 

 

0.0242 

Q1: irrigatin quantity (60%), Q2: irrigation quantity (80%), Q3: irrigation quantity (100%), d0: control, d1: 100Kg/f, d2:200Kg/f, d3:300 Kg/f, Z: 

Natural Zeolite, AZ: Modified Zeolite. Each value is an average of three replicates  
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compared to the treatment Zd0 (natural zeolite and zero 

concentration) that recorded the lowest value of the 

water consumption use efficiency. The same direction 

was observed with both the straw crop and the total 

crop.    

7- The interfering effect of irrigation quantities, type 

of zeolite and concentration of its addition on the 

barley WUE 

By studying the effect of the overlapping of 

transactions on the efficiency of water consumption of 

grains, the statistical analysis explained that the 

treatment (AZd2Q2) was the est transaction, followed 

by the treatment (Zd2Q2), achieving increased rate of 

228.7% and 205.22%, respectively compared to the 

(Q1Zd0) treatment that recorded the lowest efficiency 

of water consumption. While the treatment of 

(AZd1Q2) is the best in the case of the straw crop 

followed by the (Zd1Q2) treatment with a 220.23% and 

184.49% achievement compared to (Zd0Q3) treatment. 

In the case of the total crop, the best treatment was 

(AZd1 Q2) followed by the treatment (AZd2Q2), 

causing an increase of 194.11% and 189.8% compared 

to the (Zd0Q1) treatment. 

CONCLUSION 

There are numerous properties of natural zeolite, 

such as its high degree of crystallinity, specific surface 

area, and cation exchange capacity, which improved 

with thermal activation treatment. The results of this 

study suggested, that natural and thermal activated 

zeolite improved soil quality through increase CEC of 

soil environment, available NPK and increase soil 

DTPA extractable of Zn, Cu and Mn, and decreased soil 

EC. In addition, natural and thermal activated zeolite 

have a positive significant effect on the NPK content in 

barely grains. Thermal activation of zeolite was more 

effective in improving soil quality at all irrigation water 

quantities. To obtain the best soil quality and higher 

uptake of NPK by barley plant the best treatment 

recorded in this study was AZd3 (300kg/fed) at 80% 

(Q2) of irrigation water. Thus zeolites have positive 

effect not only in soil quality, but also in enhancing 

growth of parley plant and its water consumptive use 

efficiency. 

RECOMMENDATION 

From view of economic point, this study 

recommended to apply the transaction as AZd2 

(200kg/fed) at 80% of irrigation water under the 

conditions of the study area, as it was the best 

transaction to provide soil quality, efficiency for water 

consumption, when using that water which was 

rationalized to grow new areas under the same 

treatment, it will raise production by 40.7%.  
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 الملخص العربي
 دارة المائية وجودة التربة باستخدام الزيوليت المعدل رفع كفاءة الإ

  جيهان جمال عبد الغنى محمد، إيمان عبد اللطيف، ليلى رمضان سالم

ة التربة، إن التغيرات المناخية ونقص المياه وتدهور جود
تتطلب نظام زراعة  إلى جانب ارتفاع الطلب على الغذاء،

ة. وقد تناولت هذه الدراسة دور الزيوليت الطبيعي أكثر فعالي
(Z )ً( والزيوليت المعدل )المنشط حراريا(AZ) (300 - 400 

ساعات( في تحسين جودة التربة ونمو  3درجة مئوية لمدة 
 200(، وd1) 100و(، d0) 0نبات الشعير بأربع جرعات: 

(d2و ،)300 (d3 كجم/ فدان بثلاث كميات من مياه الري )
Q1 (60و ،)٪Q2 (80و ،)٪Q3 (100 من خلال ،)٪

زادا  (AZ)( وZلية. وقد أشارت النتائج إلى أن )التجربة الحق
( لبيئة التربة، والمتاح من CECمن السعة التبادلية الكاتيونية )

(، وزيادة N-P-Kالنيتروجين والفوسفور والبوتاسيوم )
( Cu( والنحاس )Zn( من الزنك )DTPAالمستخلص بواسطة )

( خاصة عند EC(، وخفضا ملوحة التربة )Mnلمنجنيز )وا

٪ من مياه الري 80كجم/ فدان( عند  300زيوليت المعدل )ال
(AZd3Q2( تليها ،)AZd2Q2ثم ،) (AZd1Q2 .) 

-Nبالإضافة إلى ذلك: عزز الزيوليت المعدل امتصاص )

P-K بواسطة حبوب الشعير؛ حيث كانت أفضل نسب )
٪، 15.92٪، و 39.72و  ٪،26.18الزيادة الملحوظة: 

. ومن ناحية أخرى كانت (AZd3Q2على التوالي لمعاملة )
٪ من 80كجم/ فدان( عند  200معاملة الزيوليت المعدل )

( هي أفضل معاملة لاستهلاك المياه؛ AZd2Q2ري )مياه ال
مترًا مكعبًا من مياه الري؛ مما قد يؤدي  539.1حيث وفرت 

وبالتالي اقترحت الدراسة  ٪،40.7إلى زيادة الإنتاج بنسبة 
 .أفضل معاملة ( هوAZd2Q2اقتصاديًا أن )

 –جودة التربة  –الكلمات المفتاحية: الزيوليت المعدل 
 إدارة المياه.

 
 


