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Abstract 

Research objective: The aim of this research was to evaluate whether differences exist between natural and dried 
chabazite zeolite in the cultivation of Friggitello peppers 

Materials and Methods: The experiments, which started in January 2023, were conducted in the CREA-OF greenhouses 
in Pescia (Pt), Tuscany, Italy (43°54′N 10°41′E) on 'Friggitello' pepper seedlings. The plants were placed in pots with a 
diameter of 16, 10 plants per 3 replications, for a total of 30 seedlings per experimental thesis. The pepper trial included 
the following theses (irrigated and fertilised): i) peat 70% + pumice 30%; ii) peat 70% + pumice 10% + natural chabazite 
zeolite 20%; iii) peat 70% + pumice 10% + dried chabazite zeolite 20%. Plant height, number of leaves, vegetative 
weight, root volume and length, number of fruits (peppers), fruit weight and the number of microorganisms in the 
substrate were determined on 18 July 2023. 

Results and Discussion: The experiment showed that the use of chabazite zeolite can indeed significantly improve the 
vegetative and root growth and productive and size fruits of Friggitello pepper plants (Table 1). Clear differences in 
growth are evident between the use of natural zeolite (ZEONAT) and dried zeolite (ZEOESS), with the natural zeolite 
performing better with regard to all agronomic parameters analysed. In the substrate analysis, a greater presence of 
microbial biomass was found in the zeolite theses than in the control theses, with greater superiority of microorganisms 
in the substrate with natural chabsite zeolite. Zeolites are used successfully in the cultivation of many crops. Including 
cereals, vegetables, grapes and other fruits. By enhancing the absorption ability of soil, zeolite enhance the long-term 
quality of soil by retaining nutrients. 

Conclusions: Due to its high absorption rate, cation exchange, catalysis, and dehydration capacity, chabazite is the most 
common zeolite for agricultural applications. Therefore, zeolite fertilizers are used to improve plant growth by 
improving their value. Additionally, they can be used as molecular sieves or filters and retain nitrogen in the manure 
and sludge they produce. For agricultural production, zeolites must have uniform properties and have unique properties 
such as cation exchange capacity, pH, and B content. Important differences exist between the use of a natural zeolite 
and a dried one, especially in the significant presence of useful microbiology in the interactions with the plant, in terms 
of growth and protection. 
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1. Introduction 

Zeolite has been introduced as a scientifically correct definition of diagenised pyroclastic rocks with a predominant (> 
50%) zeolite content (i.e., quartz, cristobalite, feldspar, plagioclase) and subordinate quantities of other silicate phases 
(quartz, cristobalite, feldspar, plagioclase) in place of generic terms used in the literature ("natural zeolite", 
"sedimentary zeolites", "zeolite-rich rocks", "zeolite-rich tuffs", etc. [1,2]. The most common zeolitic species in "zeolites" 
are clinoptilolite present in variable quantities (40-60%) in diagenised "acid" tuffs widespread in many European 
(Slovenia, Czechoslovakia, Hungary, Romania, Bulgaria, Greece) and non-European (Turkey, Iran, Russia, United States, 
Cuba, Japan, China, Australia) countries [3,4]; chabazite and phillipsite present in variable amounts (30-70%) in Italian 
"basic" ignimbrites ignimbrites with alkaline-potassium ignimbrites [5]. Zeolite content characterizes zeolites in several 
ways: 1) high cation exchange capacity (140-210 meq/100 g), 2) reversible dehydration, and 3) structural 
cryptoporosity [6,7]. As a result of their lithological nature (micro and macroporosity in texture, lithoid consistency), 
they are also characterized by water retention, mechanical resistance, permeability, and low density [8,9]. According to 
zeolite type and concentration (weight percentage), zeolite has different properties [10]. A volcanic rock's other 
properties are determined by its nature (tuff, suffice, ignimbrite) as well as its diagenetic process (water system 'open', 
'closed', 'autoclave'). As chabazite and phillipsite are zeolitic species with a cation exchange capacity (CSC) of 330-340 
meq/100g and occur in micro-and macroporous ignimbrites, clinoptilolite is a zeolitic species with a cation exchange 
capacity (CSC) of 220-230 meq/100g and occurs in compact tuffs, the chabazite and phillipsite zeolites widespread in 
Italy show higher cation exchange capacity (CSC) and water retention values and lower density values than the 
clinoptilolite zeolites widespread abroad [11–13]. For a qualitative plant growth result, it is crucial to use a large amount 
of zeolite per square meter, both within the root zone and on the surface of the soil. Zeolite is normally added to the 
substrate mixture at a rate of 2 kg per square metre in field situations, while in pot cultivation at a rate of 20% by weight 
[14–17]. The abilities of zeolite in terms of cation exchange and water retention are very important in sandy soils and 
in all the situations where a lack of water resources is observed. Experiments have shown that the quality of zeolite and 
the quantities used in various crops can alter plant growth and plant resistance to biotic and abiotic stresses [18–20].  

2. Aspects of zeolites in agriculture and the environment 

Thousands of lab and field experiments have revealed that zeolites, particularly Italian zeolites containing chabazite, 
have high drainage capacity, water retention, and excellent extraction capacity, as well as high potassium (K) and low 
sodium (Na) contents [21,22]. The use of fertilizers and irrigation water can be reduced, and agronomic production can 
be increased as a result [23,24]. In addition to reducing water usage for irrigation, zeolite's permeability and high water 
retention minimize, respectively, the loss of irrigation and meteoric water through surface runoff in soils with a high 
clay component (impermeable) and rapid drainage in soils with a high sandy component (low water retention) [25,26]. 
The infinitely reversible property of the zeolitic water allows it to maintain almost constant levels of humidity and 
temperature at the root level due to its infinitely reversible property of dehydration (endothermic process) and 
rehydration (exothermic process) [27]. A number of experiments were conducted to reduce the adverse effects of high 
temperatures and droughts [28]. Zeolite is shown to provide more excellent protection for ornamental plants, as well 
as other species, such as vines, against cold when used in substrate or soil. When temperatures are suitable for 
cultivation, leaf scorch is observed to restart more rapidly [29,30]; also, excessive levels of salinity of irrigation water 
are observed to decrease [31]. According to several research studies, adding 20% zeolite to the growing medium has 
been shown to improve plant growth and leaf quality in Loropetalum sinensis . Prisa [32] has shown that the use of 
zeolite in the growing medium can reduce (or eliminate in some cases) the stress effects on plants caused by excess 
salts in irrigation water. Using less fertilizer increases soil cation exchange capacity (CSC), which is an integral part of 
the soil [33]. Ammoniacal nitrogen (NH3) that is not needed by crops is temporarily removed through leaching into the 
groundwater as nitrates and volatilization into the atmosphere as greenhouse gases. Aside from reducing phosphorus 
retrogradation (from monocalcium phosphates supplied by fertilizers), this reduces crop assimilation of tricalcium 
phosphate (Ca3(PO4)2) by reacting with calcium (Ca) in the soil, which is an insoluble phosphate and so cannot be 
assimilated by crops) [34–36]. Zeolite releases nitrogen slowly and gradually according to the phenological needs of 
crops [37–39]. Due to its reflective properties, zeolite also makes it difficult for pathogenic insects to locate ripe fruits 
and absorbs ethylene produced by ripe fruits, which carries them to plant structures. In new experiments, zeolites have 
been shown to attract beneficial microbial colonies, which can enter into symbiosis with plants and enhance their water 
and nutrient uptake and defence by producing secondary metabolites [40–42].  

2.1. Research Objectives 

The aim of this research was to evaluate whether differences exist between natural and dried chabazite zeolite in the 
cultivation of Friggitello peppers (Figure 1). 
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Figure 1 Details of the substrates and plants used in the experiment at CREA-OF  

3. Material and methods 

The experiments, which started in January 2023, were conducted in the CREA-OF greenhouses in Pescia (Pt), Tuscany, 
Italy (43°54′N 10°41′E) on 'Friggitello' pepper seedlings. 

The plants were placed in pots with a diameter of 16, 10 plants per 3 replications, for a total of 30 seedlings per 
experimental thesis. 

All plants were fertilised with a controlled-release fertiliser (2 kg m-3 Osmocote Pro®, 9-12 months with 190 g/kg N, 
39 g/kg P, 83 g/kg K) mixed with the growing medium before transplanting. The pepper trial included the following 
theses (irrigated and fertilised) 

 peat 70% + pumice 30% (CTRL) 
 peat 70% + pumice 10% + natural chabazite zeolite 20% (ZEONAT) 
 peat 70% + pumice 10% + dried chabazite zeolite 20% (ZEOESS) 

The plants were watered once a day and grew for seven months. The plants were drip-irrigated. Irrigation was activated 
by a timer whose programme was adjusted weekly according to the weather conditions and the leaching fraction.  

Plant height, number of leaves, vegetative weight, root volume and length, number of fruits (peppers), fruit weight and 
the number of microorganisms in the substrate were determined on 18 July 2023. 

3.1. Methods of analysis 

Microbial count: direct determination of the total microbial count by microscopy of the cells contained in a known 
volume of sample using counting chambers (Thoma chamber). The surface of the slide is etched with a grid of squares, 
with the area of each square known. Determination of viable microbial load after serial decimal dilutions, spatula 
seeding (1 ml) and plate counting after incubation [32]; 

3.2. Statistics 

The experiment was conducted in a randomised complete block design. Collected data were analysed by one-way 
ANOVA, using the univariate GLM procedure, to assess significant differences (P ≤ 0.05, 0.01 and 0.001) between 
treatments. Mean values were then separated using the LSD test at multiple intervals (P = 0.05). Statistics and graphs 
were supported by the programmes Costat (version 6.451) and Excel (Office 2010). 

4. Results  

The experiment showed that the use of chabazite zeolite can indeed significantly improve the vegetative and root 
growth of Friggitello pepper plants (Table 1). Clear differences in growth are evident between the use of natural zeolite 
(ZEONAT) and dried zeolite (ZEOESS), with the natural zeolite performing better with regard to all agronomic 
parameters analysed. In particular for plant height (Figure 2), number of leaves, vegetative and root weight (Figure 3), 
and root length. In the substrate analysis, a greater presence of microbial biomass was found in the zeolite theses than 
in the control theses, with greater superiority of microorganisms in the substrate with natural chabsite zeolite. 
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Table 1 Evaluation of the use of different zeolites on Friggitello pepper 

Groups 
Plant 

height 
(cm) 

Leaves 
number 

(n°) 

Substrate total 
bacteria (Log 
CFU/g soil ) 

Vegetative 
weight (g) 

Roots 
volume 
(cm3) 

Roots 
length 
(cm) 

Fruits 
number 

(n°) 

Fruits 
weight 

(g) 

CTRL 44.78 c 24.83 c 1.28 c 59.27 c 36.04 c 6.28 c 11.26 c 36.06 c 

ZEONAT 50.78 a 35.81 a 2.90 a 66.82 a 40.58 a 9.76 a 15.21 a 42.57 a 

ZEOESS 47.80 b 28.86 b 1.61 b 62.33 b 38.79 b 7.65 b 12.83 b 38.39 b 

ANOVA *** *** *** *** *** *** *** *** 

 

 

Figure 2 Comparison between the thesis with peat 65% + pumice 30% + (CTRL), peat 70% + pumice 10% + natural 
chabazite zeolitite 20% (ZEONAT), peat 70% + pumice 10% + dried chabazite zeolite 20%(ZEOESS) on the vegetative 

growth of Friggitello pepper 

 

Figure 3 Comparison between the thesis with peat 65% + pumice 30% + (CTRL), peat 70% + pumice 10% + natural 
chabazite zeolite 20% (ZEONAT), peat 70% + pumice 10% + dried chabazite zeolite 20%(ZEOESS) on the roots 

growth of Friggitello pepper 

The production indices also show an increase in production in the theses with zeolite, with an increase in production in 
the thesis with natural zeolite (ZEONAT) with 15.21 fruits, compared to dried zeolite (ZEOESS) with 12.83 and control 
with 11.26. Differences were also found in the fruit weight with natural zeolite where the weight was 42.57 g, compared 
to dried zeolite with 38.39 g and control with 36.06 (Figure 4). 
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One-way ANOVA; n.s. – non significant; *,**,*** – significant at P ≤ 0.05, 0.01 and 0.001, respectively; different letters for 
the same element indicate significant differences according to Tukey’s (HSD) multiple-range test (P = 0.05).Legend: 
(CTRL) peat 70% + pumice 30%; (ZEONAT) peat 70% + pumice 10% + natural chabazite zeolitite 20%; (ZEOESS) peat 
70% + pumice 10% + dried chabazite zeolite 20%  

 

Figure 4 Comparison between the thesis with peat 65% + pumice 30% + (CTRL), peat 70% + pumice 10% + natural 
chabazite zeolite 20% (ZEONAT), peat 70% + pumice 10% + dried chabazite zeolite 20%(ZEOESS) on the fruits size of 

Friggitello pepper 

5. Discussion 

The discovery of zeolite as a mineral dates back to 1756, when a Swedish mineralogist, Fredrich Cronstet, began 
collecting crystals from a copper mine in Sweden. Words meaning "boiling stones", since they can froth at temperatures 
up to 200°C [43]. For two hundred years following their discovery, zeolites were considered minerals found in volcanic 
rocks. Since the 1950s, they have been rediscovered, and their commercial production and use have begun in the world 
[44–46]. To date, more than forty types of zeolites have been reported by different groups. Among these minerals, 
analcime (sometimes known as analcite), clinoptilolite, erionit, chabazite, mordenite, and philipsite are well known [47]. 
Also, more than 150 zeolites have been synthesized. Due to their unique adsorption, ion exchange, molecular sieve, and 
catalytic properties, these naturally occurring and synthetic minerals are widely used in commercial applications [48]. 
In order to ensure that the source of zeolites can provide sufficient quantities with uniform characteristics as well as 
unique properties (cation exchange capacity, pH, and B content) for application and commercial processing, extensive 
research is necessary. Zeolites are being researched to enhance their use [49,50]. Many minerals have cage-like 
structures, have similar properties, or are associated with zeolites, but they are not actually them. Therefore, zeolites 
without well defined chemical characteristics may cause severe problems in their application [51,52].  

Table 2 Characteristics of some naturally occurring zeolites (Doğan, 2003) 

Zeolite 
Porosity 

(%) 
Heat 

stability 
Ion Exchange 

Capacity (meq/g) 
Specific gravity 

(g/cm3) 
Bulk Density 

(g/cm3) 

Analcime 18 High 4.54 2.30 1.85 

Chabazite 47 High 3.84 2.10 1.45 

Clinoptilolite 34 High 2.16 2.25 1.15 

Erionite 35 High 3.12 2.08 1.51 

Heulandite 39 Low 2.91 2.20 1.69 

Mordenite 28 High 4.29 2.15 1.70 

Philipsite 31 moderate 3.31 2.20 1.58 

 

Besides agriculture, zeolites have many applications including ion exchange, filtering, odour removal, chemical sieve, 
water softener, and gas absorption. Among these are production, soil stabilization, building materials, anticorrosive 



World Journal of Advanced Research and Reviews, 2023, 19(02), 632–641 

637 

paint components, defluorination of industrial wastes, desulphurization of flue gas, methylene blue and mercury 
removal, copper recovery from phosphate fixation, chlorine phenol removal, neutralization of acid wastes, sewer 
cleanup, and the removal of heavy metals and ammonium ions [53–55] (Table 2). 

Zeolites are composed of pores and cornersharing aluminosilicate (AlO4 and SiO4) tetrahedrons, joined into 
3dimensional frameworks. The pore structure is characterized by cages approximately 12Å in diameter, which are 
interlinked through channels about 8Å in diameter, composed of rings of 12 linked tetrahedrons [56–58]. The pores are 
interconnected and form long wide channels of varying sizes depending on the mineral. With these channels, resident 
ions and molecules can move easily in and out of the structure, forming honeycombs or cages. Aluminium results in a 
negative charge, which is balanced by positively charged cations [59]. Zeolites have large vacant spaces or cages within, 
resembling honeycombs or cages. The use of zeolite in agriculture helps improve the efficiency of applied fertilizers, 
thus promoting a better crop yield [60]. Some authors for example, reported that 48 pounds/acre of zeolite can enhance 
yield. With 2 to 8 kg/tree, this mineral contributes to a better new orchard establishment. Zeolites are used successfully 
in the cultivation of many crops. Including cereals, vegetables, grapes and other fruits [61,62]. By enhancing the 
absorption ability of soil, zeolites enhance the long-term quality of soil by retaining nutrients. In addition to nitrogen 
(N) and potassium (K), it also includes calcium, magnesium, and microelements, which are important plant nutrients. 
Thus, using zeolite can reduce the amount of N and K fertilizer needed to achieve the same yield, prolong their activity, 
or boost their efficiency. In sandy soils, where high levels of nutrients cannot be retained, large losses of fertilizers occur 
due to leaching [63,64]. 

In this way, zeolites will enhance the growth and development of plants by reducing the loss of nutrients [65]. A 
crystalline structure in zeolite can hold water up to 60% of its weight, but water molecules in the pores are easily 
evaporated or reabsorbed without damaging the structure [66]. In addition to providing permanent moisture during 
dry times, zeolites also aid in rapid rewetting during irrigation and improve the lateral spread of water. Zeolites are 
capable of absorbing pesticides and reducing the amount of water needed for irrigation. 

As well as positive cations such as sodium, potassium, barium, and calcium, negative-charged zeolites can trap positively 
charged groups such as water and ammonia. Because the negative charge within zeolites attracts both carbonate and 
nitrate ions, alkali and soil alkali metallic cations are attracted in the same way, and water can be absorbed by zeolites  
[67]. Zeolites are good ion exchangers since they are relatively mobile due to their weak attraction, which allows them 
to replace absorbed cations [68]. In contrast to other soil amendments (such as lime), zeolite remains in the soil 
permanently to improve nutrient retention. By retaining beneficial nutrients in the root zone, its addition to soil will 
significantly reduce water and fertilizer costs. In addition to keeping the soil aerated and moist, natural zeolite also 
keeps it active for a long time because of its porous structure [69,70]. By using zeolite with fertilizers, soil pH levels will 
be buffered, reducing the need for lime application. Due to its marginal acidity, zeolite is not acidic but marginally 
alkaline [71,72]. The irrigation and maintenance costs associated with golf courses and sport fields can be very high 
when this mineral is used. In this trial, the use of chabazite zeolite significantly improved the vegetative and root growth 
of Friggitello peppers, with effects also evident on the microbial biomass of the added substrate. There was also an 
increase in production in the treated theses both in terms of quantity and fruit size. The trial highlighted the significant 
differences that exist between the use of a dried zeolite and a natural one, highlighting the better performance in 
agronomic and productive terms, of the second one. 

6. Conclusion 

Due to its high absorption rate, cation exchange, catalysis, and dehydration capacity, chabazite is the most common 
zeolite for agricultural applications. Therefore, zeolite fertilizers are used to improve plant growth by improving their 
value. Additionally, they can be used as molecular sieves or filters and retain nitrogen in the manure and sludge they 
produce. For agricultural production, zeolites must have uniform properties and have unique properties such as cation 
exchange capacity, pH, and B content. Important differences exist between the use of a natural zeolite and a dried one, 
especially in the significant presence of useful microbiology in the interactions with the plant, in terms of growth and 
protection. A natural zeolite retains its characteristics intact and can better interact with the plant's root systems by 
increasing water and nutrient exchange.  
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