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Abstract

In this experiment it was determined whether the capacities of zeolites are influenced by the microbial colonies that are
present in the soil, which can with their activity increase the interactions between roots, zeolites and soil. The
microorganisms have the ability to lower the pH of the substrate and soil and can determine a solubilization of the
mineral elements contained, which are more absorbed by plants. The experimental groups were: i) group without
zeolites, irrigated with water and substrate previously fertilized; ii) group with natural chabazite and fertilised
substrate; iii) group with sterilized chabazite and fertilised substrate. The zeolite was sterilized at high pressure
saturated steam at 121 ° C for about 20 minutes. The theses treated with natural chabazite showed an improvement of
all agronomic parameters analyzed on Opuntia ficus-indica plants, fruit characteristics and mineral content in the three
cultivars Sulfarina, Sanguigna and Muscaredda. Natural chabazite gave better results than sterilized chabazite and
untreated control, demonstrating that indeed the presence of the biotic component of zeolite plays a fundamental role
in the interactions between zeolite and plant. All these aspects are very important for growers because the use of
zeolites, especially natural chabazite, guarantees the possibility to reduce the amount of fertilizers in the substrates and
to optimize irrigation while obtaining quality plants that grow better, produce more and suffer less.
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1. Introduction

Opuntia ficus-indica L. Mill. is one of the main species of the genus Opuntia, plants belonging to the cactaceae family,
native to the Americas, where they are widespread in arid tropical and subtropical zones. The prickly pear grows now
spontaneous in the whole Mediterranean basin, Italy included, and is the only naturalized Opuntia in Europe. Opuntias
have a rare peculiarity in the plant kingdom: not only do they have edible flowers and fruits, but part of the stem can
also be eaten. For this reason and for the extraordinary ability to grow luxuriant in some of the most hostile habitats on
earth, opuntias have been a staple food of the diet of the native populations of the Southwest of the United States, of
those who later settled in Central and South America, as well as of the inhabitants of some areas of Europe and the
Middle East [1]. In the cactaceae family, Opuntia is the genus richest in sub-genres, varieties and shapes, sizes, colors
and is the one that grows most easily because the plants do not need to be cultivated or irrigated and resist the harshest
climate changes [2]. The two main branches of the genus Opuntia are Platyopuntia, to which the prickly pear belongs,
and Cylindropuntia. The main difference between the two families of Opuntia is the way the stems are structured: the
Platyopuntia, to support the shovels, develop a network of fibers that can be easily cut; the Cylindropuntia, on the other
hand, branch out, inside them, in a woody stem that is very difficult to cut. Another difference is the goodness of the
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fruit: the fruit of Platyopuntia is a delicacy with a taste very similar to watermelon, even if more pulpy and dotted with
small black seeds; the fruit of Cylindropuntia, instead, has such a bad taste to be inedible [3,4]. A further difference
between these two families concerns what is inside the shovels: by practicing a light pressure on the trunk of
Platyopuntia you can extract a bitter and sticky juice that you can drink in times of emergency, but above all use for its
medicinal properties; on the contrary, Cylindropuntia have a hard trunk without mucilage. The opuntia cladodes are a
storehouse of nutrients: they contain a good amount of mineral salts and amino acids.Vegetarians can find in the
cladodes (nopales) a source of high quality protein. The fruits of Opuntia have also undergone careful research that has
shown positive correlations between their consumption and the decrease in blood glucose levels. While the yellow,
orange or pink flowers contain active substances rich in curative properties, especially flavonoids. The petals of the
Opuntia flower are collected, dried and sold in bulk or in sachets, in the form of capsules or liquid extract [5,6].

Natural Zeolites are a mineral family composed by 54 different species chemically defined as “hydrated allumino-
silicates of alkaline and alkaline earth elements” and structurally belonging to the tectosilicates. Due to their crystal
chemistry, zeolites show physical-chemical peculiarities such as high and selective cation exchange capacity (CEC),
reversible dehydration, selective molecular absorption, and catalytic behaviour. Therefore, rocks containing more than
50% of zeolites (zeolitites) are widely and profitably utilized in the purification of municipal, zootechnical and industrial
wastewaters, as additive in animal nutrition, agriculture and floriculture [7,8]. Commercial use of natural zeolites is still
in its infancy, but more than 300,000 tons of zeolite-rich tuff is extracted annually in the United States, Japan, Bulgaria,
Hungary, Italy, Yugoslavia, Korea, Mexico, Germany, and the Soviet Union [9,10]. Natural zeolites have found
applications as fillers in the paper industry, as light aggregates in construction, cement and concrete, as ion exchangers
in water purification and municipal effluent purification, as traps for radioactive species in wastewater from nuclear
plants, in oxygen production, as catalysts for oil fields, as acid-resistant absorbents and in the drying and purification of
natural gas [11,12]. The pronounced selectivity of zeolite for large cations, such as ammonium and potassium, has also
been exploited in the preparation of chemical fertilizers that improve the capacity of retention of nutrients in soils
promoting a slower release of these elements for absorption by plants, in rice fields, where losses by runoff of 50% of
nitrogen supplied are frequent [13,14]. The article presents the results of a research that wants to highlight the
microbial component of zeolites, of particular and fundamental importance in the interactions that take place in the
rhizosphere between the roots of plants and this mineral of volcanic origin.

Figure 1 Particular of Opuntia ficus-indica in greenhouse cultivation (A) and the formation of new cladodes on plants
grown with zeolite substrate (B).

2. Material and methods

The experiments, started in January 2019, were conducted in the greenhouses of CREA-OF in Pescia (Pt), Tuscany, Italy
(43°54'N 10°41'E) on Opuntia ficus-indica (Figure 1A,1B) cvs yellow “Sulfarina”, red “Sanguigna”, white “Muscaredda”.

The plants were placed in g 24 cm pots; 30 plants per thesis, divided into 3 replicas of 10 plants each. All plants were
fertilized with a controlled release fertilizer (3 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. After a year the plants were transplanted into a 24-diameter
pot and fertilized again. The part of the substrate that was missing in the pot was re-potted.
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The experimental groups were:

e group without zeolites (CTRL) (peat 100%), irrigated with water and substrate previously fertilized;

e group with natural chabazite (CN) (peat 80% + chabazite 20%) and fertilised substrate;

e group with sterilized chabazite (CS) (peat 80% + chabazite 20%) and fertilised substrate. The zeolite was
sterilized at high pressure saturated steam at 121 ° C for about 20 minutes.

The chabazitic- zeolites had the following characteristics: 1) qualitative-quantitative mineralogical analysis (% by
weight with standard deviations in brackets) carried out by X-ray powder diffractogram according to the RIETVELDRIR
methodology [12]: chabazite 66.2 (1.0); phillipsite 2.4 (0.5); mica 5.6 (0.6); K-feldspar 10.3 (0.8); pyroxen 2.2 (0.5);
volcanic glass 13.3 (1.5); 2) Total zeolithic content (%): 68.6 (1.3), of which 66.2 due to chabazite and 2.4 from
phillipsite. Cation exchange capacity (in meq/g with standard deviation in brackets) determined using the methodology
described in Gualtieri et al. (1999) [15]: 2.15 (0.15) of which 1.42 due to Ca, 0.04 to Mg, 0.05 to Na and 0.64 to K. The
natural chabazite had a microbial count of 3 x 106 ufc/g of zeolites. While sterilized zeolite showed no bacterial colonies.

The pH of the zeolite was 6.9. For the experimentation of plant growth was used ¢ 3- 6 mm.

The plants were watered 1 times a week and grown for 21 months. The plants were irrigated with drip irrigation. The
irrigation was activated by a timer whose program was adjusted weekly according to climatic conditions and the
fraction of leaching. On September 3, 2020, plant height, vegetative weight, roots weight, cladodes number, fruits
number, lenght and weight, peel and pulp weight, seeds weight. In addition, the content of nitrogen, potassium,
phosphorus, calcium, magnesium, iron in fruit tissues was analyzed (Jenway 630501 6300 visible spectrophotometer).

2.1. Statistics

The experiment was carried out in a randomized complete block design. Collected data were analysed by one-way
ANOVA, using GLM univariate procedure, to assess significant (P < 0.05, 0.01 and 0.001) differences among treatments.
Mean values were then separated by LSD multiple-range test (P = 0.05). Statistics and graphics were supported by the
programs Costat (version 6.451) and Excel (Office 2010).

3. Results

The test showed a significant improvement of agronomic parameters analyzed on Opuntia ficus-indica plants, fruit
growth and mineral content in the three varieties, Sulfarina, Muscaredda and Sanguigna. In general, the higher quality
increase of plants and fruits can be seen in the thesis treated with natural chabazite compared to sterilized chabazite
and untreated control. In particular, plants treated with natural chabazite have shown a significant increase in plant
height, vegetative and root weight and number of new cladodes compared to sterilized zeolite and control. In addition,
the same thesis (CN) showed an increase in fruit quality in terms of number of fruits, fruit length and weight, peel, pulp
and seed weight. There was also an increase in the mineral content of fruits grown on natural zeolite (CN), compared to
sterilized zeolite (CS) and control (CT).

In (Table 1), in Sulfarina there was a significant increase in plant height in (CN) with 79.18 cm compared to 72.76 cm of
(CS) and 67.70 cm of untreated control. Furthermore there was a significant increase in the vegetative weight 1.59 kg
(CN), 0.96 kg in (CS) and 0.80 in (CT). Same trend for the root weight where (CN) showed a weight of 0.75 kg, (CS) of
0.65 kg and the untreated control of 0.48 kg. Also for the number of new cladodes, the treatment with (CN) was the
optimal with 5.40, compared to 3.40 of (CS) and 2.20 of the control.

In Sanguigna (Table 1), there was a significant increase in plant height in (CN) with 76.46 cm compared to 70.94 cm of
(CS) and 66.50 cm of untreated control. A significant increase in the vegetative weight 1.20 kg (CN), 0.82 kg in (CS) and
0.74 in (CT). Similarly for the root weight where (CN) showed a weight of 0.74 kg, (CS) of 0.65 kg and the untreated
control of 0.50 kg. Also for the number of new cladodes the treatment with (CN) was the most performing with 5.40,
compared to 4.00 of (CS) and 3.20 of the control (Figure 2).

In Muscaredda (Table 1) there was a significant increase in plant height in (CN) with 85.64 cm compared to 81.46 cm
of (CS) and 76.62 cm of untreated control. In addition a significant increase in vegetative weight 2.02 kg (CN), 1.72 kg
in (CS) and 1.26 in (CT). Identical trend for the root weight where (CN) showed a weight of 0.95 kg, (CS) of 0.80 kg and
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the untreated control of 0.62 kg (Figure 3). Even for the number of new cladodes the treatment with (CN) was the most
efficient with 5.60, compared to 4.20 of (CS) and 3.40 of the control.

Table 1 Evaluation of the zeolite use on the agronomic characters of Opuntia ficus-indica

Opuntia Plant Vegetative Roots Pads

cultivar Groups height weight weight number
(cm/plant) (kg/plant) (Kg/plant) (n°/plant)

CT 67,60 ¢ 0,80 ¢ 0,48 ¢ 2,20 ¢

Sulfarina CN 79,182 1,594 0,752 5,402

CS 72,76 P 0,96° 0,65P 3,400

CT 66,50 ¢ 0,74 ¢ 0,50¢ 3,20¢

Sanguigna CN 76,462 1,202 0,74 5,402

CS 70.94 b 0,820 0,65P 4,000

CT 76,62 ¢ 1,26 ¢ 0,62 ¢ 3,40 ¢

Muscaredda CN 85,64 a 2,022 0,952 5,602

CS 81,46" 1,72b 0,80P 4,20°b

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: (CT) control; (CN) natural zeolite ;(CS) sterilized zeolite

In Table 2 (fruits quality), in the Sulfarina variety there was a significant increase in the number of fruits in (CN) 7.00,
succeeded by 4.80 of (CS) and 4.20 of the untreated control. A significant increase of the length of the fruit in the thesis
(CN) with 9.56 cm, while 7.42 cm in (CS) and 6.29 cm in (CT). It was noted a greater weight of the fruit in (CN) with
135.02 g, compared to 129.70 g of (CS) and 123.32 g of the control. Also for the peel weight the treatment (CN) was the
best with 52.46 g, same for the pulp weight with 78.70 g. As for the weight of the seeds, the treatments (CN) and (CS)
were similar and better than the untreated control, with 3.90 g, 3.92 g and 3.40 g respectively.

Table 2 Evaluation of the zeolite use on the fruits quality characters of Opuntia ficus-indica

Opuntia Fruit Fruit Fruit Peel Pulp Seed
cultivar Groups number lenght weight weight weight weight
(n°/plant) (cm/fruit) (g/fruit) (g/fruit) (g/fruit) (g/fruit)

CT 4200 6,29 123,32 ¢ 46,30¢ 72,84¢ 3,40b

Sulfarina CN 7,00 2 9,562 135,022 52,462 78,70 2 3,904

CS 4,800 7,42b 129,70 b 48,44 b 75,22 b 3,924

CT 521 ¢ 10,78 132,78b 58,36 ¢ 68,00 ¢ 3,20 b

Sanguigna CN 7,202 12,822 137,72 a 62,98 a 73,96 a 3,80 ab

(o 6,20 b 10,96 b 134,59 b 59,30 b 71,20b 4,202

CT 5,00 7,58 ¢ 121,860 53,20 ¢ 61,78¢ 3,40b

Muscaredda CN 7,20 2 8,782 128,24 a 58,80 2 69,06 2 4,202

(o 6,20 b 7,87 b 125,682 54,86 63,180 3,40P

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: (CT) control; (CN) natural zeolite ;(CS) sterilized zeolite

10



GSC Advanced Research and Reviews, 2020, 05(01), 007-014

In the Sanguigna variety (Table 2), a significant increase in the fruits number in (CN) 7.20, replaced by 6.20 of (CS) and
5.21 of the untreated control. It was observed a significant increase of the fruitlenght in (CN) with 12.82 cm, while 10.96
cm in (CS) and 10.78 cm (CT). A remarkable increase in the fruit weight in (CN) with 137.72 g, compared to 134.59 g of
(CS) and 132.78 g of the control. Concerning the peel weight the treatment (CN) was also the best with 62.98 g, the same
for the pulp weight with 73.96 g. Regarding the seeds weight only the treatment (CS) with 4.20 g was better than the
untreated control (CT) with 3.20 g.

In the Muscaredda variety (Table 2) was revealed a significant increase in the number of fruits in (CN) 7.20, followed
by 6.20 of (CS) and 5.00 of the untreated control. A sensible increase of the length of the fruit in the thesis (CN) with
8.78 cm, while 7.87 cm in (CS) and 7.58 cm in (CT). An increased weight of the fruit in (CN) and (CS) with 128.24 g and
125.68 g, compared to 121.86 g of the control. For the peel weight the treatment (CN) was also the best with 58.80 g,
the same for the flesh weight with 69.06 g. Regarding the weight of the seeds, the treatment (CN) was the most efficient
with 4.20 g.

Figure 2 Comparison between natural zeolite (CN) and sterilized zeolite (CS) on growth of Opuntia ficus-indica cv
‘Sanguigna’

In (Table 3) (mineral content of the fruits), in the Sulfarina cultivar there was an increase in the mineral content of
N,P,K,Ca,Mg and Fe for the treatment (CN), higher than both (CS) and the untreated control. The same improvement
was also found in the Sanguigna and Muscaredda varieties.

Table 3 Evaluation of the zeolite use on the mineral contents of Opuntia ficus-indica fruits

Opuntia N-content  P-content K-content Ca-content Mg- Fe-content
cultivar ¢ s (mgg? (mgg? (mgg? (mgg? content  (mgg1DW)
DW) DW) DW) DW) (mgg?
DW)
CT 7,88 ¢ 21,67 ¢ 213,86¢ 51,48¢ 82,40 0,14 ¢
Sulfarina CN 8,292 24,952 223,882 56,80 2 85,80 2 0,382
CS 8,07°b 22,810 217,38b 53,38P 82,94 b 0,26°b
CT 6,86 ¢ 21,38¢ 216,600 47,50 73,78 ¢ 0,16°b
Sanguigna CN 8,222 26,87 2 222,702 53,642 82,84 2 0,262
CS 7,44 23,50P 222,182 50,34b 78,80 b 0,17"
CT 6,43 ¢ 17,58¢ 209,28 ¢ 47,67 ¢ 78,98 ¢ 0,13¢
Muscaredda CN 7,592 21,472 217,162 53,992 86,202 0,362
CS 6,94b 19,470 213,52P 51,66P 83,02°b 0,23°b

11
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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: (CT) control; (CN) natural zeolite ;(CS) sterilized zeolite

Figure 3 Effect of natural zeolite (CN) and sterilized zeolite (CS) on the roots growth of Opuntia ficus-indica cv
‘Muscaredda’

4. Discussion

Zeolites possess a high cation exchange capacity, which determines the possibility that the internal cavities of their
structure can accommodate different calcium, magnesium or sodium ions, and that these ions can be easily replaced by
ammonium and potassium ions for which zeolites have a high affinity. For these characteristics are considered real
molecular filters and are used in various sectors such as water purification, petrochemical industry, animal farming and
as corroborating and biostimulant in horticulture and floriculture [16,17]. Zeolites, in fact, once introduced in growing
substrates or in open field, can increase the quality of plants, retaining water and fertilizers and making them available
when needed. In this experiment it was determined whether the capacities of zeolites are influenced by the microbial
colonies that are present in the soil, which can with their activity increase the interactions between roots, zeolites and
soil [18]. In this experiment it was determined whether the capacities of zeolites are influenced by the microbial colonies
that are present in the soil, which can with their activity increase the interactions between roots, zeolites and soil. The
microorganisms have the ability to lower the pH of the substrate and soil and can determine a solubilization of the
mineral elements contained, which are more absorbed by plants [19, 20].

In this study, the theses treated with natural chabazite showed an improvement of all agronomic parameters analyzed
on Opuntia ficus-indica plants, fruit characteristics and mineral content in the three cultivars Sulfarina, Sanguigna and
Muscaredda. Natural chabazite gave better results than sterilized chabazite and untreated control, demonstrating that
indeed the presence of the biotic component of zeolite plays a fundamental role in the interactions between zeolite and
plant. This ensures an optimization of fertilizer use.

This exchange mechanism (zeolite-microorganism-plant) can occur either naturally with the microorganisms normally
present in the soil or by adding beneficial microorganisms to the zeolite later, but the exchange of natural elements is
significantly slower, because inoculated microorganisms need time to colonize the environment [15].

Zeolites can act as a "home" for microorganisms, as normally occurs in nature with clays. In fact, in conditions of water
stress, the microorganisms take refuge inside the clay particles until the environmental conditions are appropriate again
to colonize the soil [21]. Zeolites are able to actively interact with the organic components present in the soil and have
the ability to make more available the mineral and nutritional components present within their crystal lattice, according
to the needs of the plant [22,23]. In particular, the direct contact of zeolites with the root surface stimulates the
production of mucilaginous substances (mucigel) by performing a lubricating action which can facilitate the absorption
by the root of minerals and water. Evidence shows that zeolites once inserted into growth substrates can lead to an
improvement in the quality aspects of the plants, particularly in this test there is also a significant increase in fruit
quality and mineral content. This is probably due to increased reserves of energy and nutrients that the plant can
allocate for different metabolic functions [24].
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5. Conclusion

The test on Opuntia ficus-indica has shown that the use of zeolites can significantly improve plant growth. In particular
the microbial component of zeolites has a particular importance to ensure the interactions that exist between these
minerals and plant roots. The microorganisms in fact reduce the pH of the soil or substrate and the consequent emission
of ions retained in the zeolites, which in this way are more available to plants. The plant having available at the time of
need of minerals for ready use, suffers less stress, photosynthesizes and grows more and produces a greater number of
flowers and fruits. All these aspects are very important for growers because the use of zeolites, especially natural
chabazite, guarantees the possibility to reduce the amount of fertilizers in the substrates and to optimize irrigation
while obtaining quality plants that grow better, produce more and suffer less.
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