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Abstract: The physical and chemical 
characteristics of the substrates employed in 
the present study with zuchinni plants were 
improved by the addition of zeolite to the soil 
at 20 and 40 T ha-1. Zeolite increased total 
porosity and bulk density of the substrate, 
and also promoted a greater water retention 
capacity compared to control treatment. 
Concerning to fruit quality, zeolite significantly 
increased fruit diameter and in a similar way, 
plastic mulching increased fruit diameter 
and total yield. The interaction zeolite-PM 
showed highly significant differences in fruit 
length, diameter, total soluble solids and 
firmness of zucchini fruits, also they were 
positively affected by the interaction of zeolite 
and plastic mulch. Therfore, we conclude that 
growth, yield and quality of C. pepo plants 
could be improved by amending the soil 
with natural zeolite and by row covering with 
plastic mulching.
Keywords: Cucurbits, zeolite clinoptilolite, 
water efficiency, natural fertilizers.

INTRODUCTION
Since the publication of “La roca magica: 

Uses of natural zeolites in agriculture 
and industry”, Mumpton (1999) pointed 
out that natural zeolites like those found 
in volcanogenic sedimentary rocks have 
been and are being used as building stone, 
as lightweight aggregate in cements and 
concretes, as filler in paper, in the take-up 
of Cs and Sr from nuclear waste and fallout, 
as soil amendments in agronomy and 
horticulture, in the removal of ammonia from 
municipal, industrial, and agricultural waste 
and drinking waters, as dietary supplements 
in animal diets, as consumer deodorizers, and 
many more usages, Figure 1.

In fact, Hu et al. (2023) reported that 
zeolite recycled from the drainage ditch was 
able to reduce N concentration caused by 
straw decomposition in the surface water. 

Zeolite adsorption reduced the peak values of 
NH4+-N, Total N, and Total P by 30, 19, and 
5%, respectively. Based on these findings and 
conventional field designs, the use of 20 t ha−1 
zeolite in the field was effective for recycling 
N and P. Therefore, this research provides a 
sustainable development method to mitigate 
the water quality deterioration caused by 
straw returning to the field. 

According to Jarosz et al. (2022) the 
geometrical parameters of zeolites are 
one of the most important characteristics 
responsible for their adsorption capacity. 
As a result, zeolites can not only serve as a 
sorbent for pollutants in the environment, 
but also as a reservoir of water and nutrients 
for plants (anions and cations). Due to their 
unique properties, zeolites have become more 
and more popular in recent years and find 
practical application in many branches of the 
agronomy sector.

Use of nanocarriers in agro-practices for 
sustainable farming contributes to achieving 
up to 75% nutrient delivery for a prolonged 
period to maintain nutrient availability in soil 
for plants in adverse soil conditions. In this 
context Sharma et al. (2022) stated that sieve-
like zeolites and the diversity in their structural 
morphologies, have attracted increasing 
interest over recent years. Engineered nano-
porous zeolites, also called aluminosilicates, 
are defined based on the presence of micro- 
(<2 nm), meso- (2–50 nm), and macropores 
(>50 nm), which can be employed as carriers of 
fertilizers due to their enhanced ion-exchange 
properties and adsorption capabilities.

Méndez-Argüello et al. (2018) studied the 
effect of zeolite-clinoptilolite on Solanum 
lycopersicum seedlings growth. An assay 
was set to test and compare the physical 
properties of three substrates: peat moss 
(pm), perlite (per) and zeolite (zeo), and 
their mixtures (pm:per:zeo) at different 
proportions. Compared to control plants, 
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Figure 1. important properties of zeolite and benefits in agriculture

N P K Ca Mg Fe Cu Zn Mn B
17.2 1.43 17.36 2.641 385 3.8 0.31 0.64 6.77 0.75

Sand Silt Clay
52.2 34 13.8

M.O % pH

0.4 8.75

Physical-chemical characterization of zeolite
Chemical composition (ppm kg-1)

Texture %

ppm: parts per million; Kg-1: kilogram; M.O %: organic material %

Table 1. Chemical properties of zeolite clinoptilolite used in this experiment.
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substrates containing 30% zeolite increased 
their water holding capacity (260%), total 
porosity (8.47%), bulk density (212%) and 
particle density (230%). The overall outcomes 
indicated that substrates amendment with 
zeolite could effectively improve tomato 
plants growth.

In a similar way Lira-Saldivar et al. (2017) 
incorporated 0, 10, 20 and 40 t ha-1 of zeolite 
clinoptilolite (ZC) to the soil established 
with Cucurbita pepo plants, with and without 
plastic mulch (PM). Zucchini plants showed 
higher yields when soil was amended with 40 t 
ha-1 of ZC than those growing on soil without 
ZC. Also there was a significant interaction 
between both factors (ZC and PM), with the 
highest yield when plants were cultured in 
bare soil plus 40 t ha-1 ZC. 

Vitamin C concentration in fruits was 
reduced by 30.0, 53.6 and 38.8%, and 
chlorophyll index by 5.45, 7.20 and 5.84% 
with the incorporation of 10, 20 and 40 t ha-1 
ZC, respectively. It was concluded that PM 
significantly improved biomass production 
(29.9%), leaf area (35.3%) and yield (22.3%). 
Based on the above described the objective 
of the present work was to perform the 
physicochemical characterization of the 
zeolite and its effect in conjunction with the 
PM in the nutraceuticals quality of zucchini 
fruits.

MATERIALS AND METHODS 
The physicochemical characterization of 

the zeolite was carried out in the Soil Physics 
Laboratory of the Universidad Autónoma 
Chapingo, Estado of Mexico. Zeolite was used 
from a natural deposit of the state of San Luis 
Potosí México. The nutraceuticals quality 
of fruits was carried out in the Centro de 
Investigación en Química Aplicada (CIQA), 
in Saltillo, Coahuila México.

ZEOLITE PHYSICAL-CHEMISTRY 
CHARACTERIZATION 
Physicochemical analysis: pH was measured 

with a potentiometer in a distilled water/ZC 
ratio 2:1; organic matter; N was extracted 
with potassium chloride 2 N and determined 
by Kjeldahl; phosphorous (P) was calculated 
by the Bray P1 method; potassium (K) was 
extracted by means of ammonium acetate 1.0 
N and pH 7.0 set by spectrometry of flame 
emission; calcium (Ca) and magnesium (Mg) 
were extracted with ammonium acetate 1.0 N, 
pH 7.0 and determined by atomic absorption.  

Physical characterization of substrate 
blends: An assay was set to test and compare 
the physical properties of three substrates: 
peat moss (pm), perlite (per) and zeolite 
(zeo), and mixtures (pm:per:zeo) at different 
proportions: T1 control = 100:0:0; T2 = 
70:30:0; T3 = 70:20:10; T4 = 70:10:20 and T5 
= 70:0:30 (v/v), to produce five treatments 
with three replicates, being each container 
a replicate. Total porosity, water holding 
capacity and bulk and particle densities were 
determined for all substrates mixtures by 
using the following equations (1-4) and using 
the methodology of Pire and Pereira 2003: 

  (1)

  (2)

                    (3)

                (4)

Where: 
Dv = Drainage volume (cm-3)
Sfw = Sample fresh weight (g)
Sdw = Sample dry weight (g)
Wsw = Water specific weight (g cm-3)
Cv = Container volume (cm-3)
Tp = Total porosity (%)
Bd = Bulk density (Mg m-3)
Data collected were processed by analysis 

of variance (ANOVA), to statistically analyze 



5
Journal of Engineering Research ISSN 2764-1317 DOI 10.22533/at.ed.3173182302062

the differences among group variable means.
Fruit quality: The evaluations of diameter, 

length and firmness of fruit were performed 
at 62, 69 and 74 days after sowing (DAS), for 
this purpose, 8 fruits per treatment with a 
uniform size were selected, the measurements 
were made with a rule of 30 cm (size) and 
with a Vernier (diameter). The firmness was 
measured with a texturometer model TA-XT 
Express enhanced of the Stable brand, at a 
speed of insertion and output of 10 mm/s and 
a force of 0.5 Newton with a penetration of 5 
mm.

Nutraceuticals quality: Ascorbic acid 
concentration in fruit (vitamin C), was 
estimated by the method used by the AOAC 
967.21. 20 grams of fruit were macerated with 
10 ml of HCl (2%), maceration was gauge to 
100 ml with distilled water and filtered. The 
filtrate was titrated an aliquot of 10 ml of 
reagent of Thielman until obtaining a pink 
coloration for 30 seconds, at this point the 
reading was taken in spent milliliters of the 
reagent. 

The concentration of ascorbic acid was 
calculated by the following equation:

      AC = Vg * 0.088 * VT * 100
                            P * VA

Where: 
AC = Ascorbic acid in mg (100 gr sample) 
Vg = Total volume of Thielman reagent 

(ml) 
VT = Total volume of vitamin C filtering 

in HCl (ml) 
VA = Volume of the assessed aliquot (ml) 
P = Sample weight (gr) 
0088 = milligrams of ascorbic acid 

equivalent to 1 ml of the Thielman reagent
100 = Total volume of distilled water gaug 

(ml)
Extraction of total chlorophylls (A and B) 

in leaves: Was determined by the technique 

reported by Abraham et al., (2010). 100 mg 
zucchini leaf is macerate with 2 ml of cold 
ethanol, 200 microliters of maceration were 
placed in a vial with 1.5 ml of cold ethanol, 
this solution is incubating one hour at 4 °C, 
then centrifuged at 12,000 rpm for 5 minutes. 
After centrifugation, 1 ml was extracted and 
placed in the spectrophotometer, where the 
diffraction of the light was measured by two 
wavelengths (663 and 645 nm).

Chlorophyll concentration was calculated 
using the following equations: 

CA mg/L = 12.7 (A663)-2.63 (A645) 
CB mg/L = 22.9 (A645)-4.68 (A663)
Where:
CA = Chlorophyll concentration A
CB= Chlorophyll concentration B
A663 = absorbance at 663 nm 
A645 = absorbance at 645 nm
Determination of soluble solids (SST) 

in fruits: Was carried out by means of a 
refractometer model HI 96801 of Hanna 
Instruments Inc., (Woonsocket, Rhode Island, 
02895, USA). Where approximately 100 µl of 
zucchini fruit extract solution was placed.

Statistical design: A completely randomized 
bivariate design with 4 levels for factor A 
(zeolite) and 2 levels for factor B (plastic 
mulch) is employed, having 8 treatments in 
interaction, (NZC + NPM (Control), ZC 10 
+ NPM, ZC 20 + NPM, ZN 40 + NPM, ZC 
0 + PM, Zc 10 + PM, Zc 20 + PM, ZC 40 + 
PM), with 3 repetitions each. With the data 
obtained an analysis of variance (ANOVA) 
and multiple range tests were performed 
according to Tukey with one (P < 0.05) with 
the statistical program InfoStat, version 2015. 
(InfoStat group, FCA, National University of 
Córdoba, Argentina).

RESULTS AND DISCUSSION
The chemical tests of the natural ZC 

employed in this study (Table 1) point out 
that this type of aluminosilicate is rich in 
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potassium and calcium and that it also harbors 
other macro-and micronutrients for plants. 
Regarding the physical characterization of 
substrates (Figure 2), treatments containing 20 
and 30% ZC, presented an increase (p≤0.05) 
of total porosity (Figure 2a), particularly T4 
(16.6%) and T5 (8.47%) compared to the 
control treatment (T1). 

All substrates with ZC added promoted 
greater water retention capacity (WRC), 
since T4 and T5 exhibited a superior volume 
of water retained (35.33% and 33.71%, 
respectively), followed by T3 (25.85%) (Figure 
2b). The lesser WRC was attained by T1 
(9.34%), without ZC added. Regarding to bulk 
density (Figure 2c), this variable was increased 
significantly (p<0.05) by T4 (0.21 Mg m-3) and 
T5 (0.25 Mg m-3), compared to T1 (0.08 Mg 
m-3). The addition of ZC to the substrate also 
improved particle density (Figure 2d), since 
T4 and T5 reported 0.37 Mg m-3 and 0.43 Mg 
m-3 respectively, compared to T1 (0.13 Mg 
m-3).

Fruit quality: Zeolite with a dosage of 20 
and 40 T ha-1 significantly increases fruits 
diameter by 4.7 and 6.8% with respect to 
the control (Table 2). The plastic mulch 
significantly increases the fruit diameter at 
69 DAS by 10.3% compared to soil without 
plastic mulch. The zeolite-PM interaction 
showed highly significant differences on 
length and fruit diameter with the treatment 
ZC 20+NPM. 

Length increased by 6.8 and 10.3% and 
the fruit diameter increased 8.6 and 10.8% 
at 69 and 76 DAS, compared to control. 
The fruit firmness did not show significant 
differences in the evaluations carried out 
(Table 2). However, an increase in firmness 
was observed as the dose of zeolite increased. 
The PM affects the firmness of fruit compared 
to fruits obtained in bare soil.

Amer (2011) remarks that optimal 
irrigation (100% evapotranspiration) 

increases fruit length in zucchini plants. The 
increase of fruit size in the present study may 
have a similar origin because the application 
of zeolite provides a greater water retention 
(Gholamhoseini et al., 2018) and nutrients, 
that promotes a greater development of 
diameter and fruits length. 

On the other hand, in crops such as 
Strawberry (Abdi et al., 2006) and Ghazvini 
et al. (2007), zeolite does not affect fruits 
diameter. The effect of plastic mulch in fruit 
quality is widely reported. Shiukhy et al. 
(2014) remarks that this is due to an increase 
in temperature in the plant rhizosphere as well 
as soil moisture retention which generates a 
thermal and water optimal environment that 
leads to higher quality fruits.

Nutraceuticals quality: During the 
first harvest (69 DAS) zeolite affected the 
production of total soluble solids in fruits 
up to 20.5% with the highest doses of zeolite 
(40 T ha-1), however, at 76 DAS, this variable 
is increased by 19.5% (10 t ha-1) in the 
treatments with low doses of zeolite. Plastic 
mulch increases total soluble solids. The 
interaction zeolite and plastic mulch (ZC 10 
+ NPM) increased total soluble solids up to 
42.54% at 79 DAS. 

The increase in fruit-soluble solids 
according to Heeb et al. (2005), may be due 
to the presence of N in the soil and plant, 
which is transformed into carbohydrates and 
organic acids. On the other hand, Sheta et al. 
(2003) and Ghazvini et al. (2007) attribute the 
increases in sugars due to the characteristic 
that zeolites present by absorbing and 
releasing nutrients in the soil, mainly nitrogen 
in the form of ammonium. 

An increase in total soluble solids by the 
PM has already been studied by Wang et al. 
(1998) and Sharma et al. (2013), these authors 
mention that it is mainly due to the light 
reflected by the film of plastic mulch which 
increases the photosynthetic rate and the 
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Figure 2. Physical properties of the substrate mixtures tested with Cucurbita pepo seedlings. Error bars 
represent the standard error of the mean (n = 3); columns within the same graph with different letter are 

statistically different according to Tukey test (α = 0.05).

Treatments

62 DAS 69 DAS 76 DAS 62 DAS 69 DAS 76 DAS 62 DAS 69 DAS 76 DAS

0 12.02 a 12.68 a 13.63 a 43.21 a 43.07 ab 45.71 bc 3.09 a* 2.89 a 2.92 a
10 12.20 a 12.35 a 13.43 a 41.55 a 41.27 b 45.17 c 3.18 a 3.04 a 3.01 a
20 11.84 a 13.19 a 14.27 a 40.47 a 45.10 a 48.59 ab 2.99 a 3.06 a 3.04 a
40 12.56 a 12.81 a 14.00 a 43.46 a 34.87 c 48.84 a 3.17 a 3.10 a 2.90 a
S.E ± 0.23 ± 0.24 ± 0.24 ± 0.87 ± 0.83 ± 0.81 ± 0.08 ± 0.08 ± 0.07

PM 12.13 a 12.79 a 13.68 a 42.39 a 43.11 a 45.79 b 3.08 a 2.99 a 2.93 a
NPM 12.18 a 12.72 a 13.98 a 41.96 a 39.05 b 48.37 a 3.14 a 3.06 a 3.01 a
S.E ± 0.16 ± 0.17 ± 0.17 ± 0.61 ± 0.58 ± 0.57 ± 0.06 ± 0.06 ± 0.05
Interaction
ZC 0+NPM 12.91 a 12.59 ab 13.54 ab 44.29 a 43.11 ab 46.80 bc 3.06 a 2.92 a 3.02 a
ZC 10+NPM 12.29 ab 11.51 b 13.81 ab 43.24 ab 38.91 b 47.02 abc 3.25 a 3.15 a 3.04 a

ZC 20+NPM 12.51 ab 13.64 a 14.94 a 37.94 b 46.85 a 51.89 ab 3.07 a 3.02 a 3.00 a

ZN 40+NPM 12.36 ab 13.14 a 13.63 ab 42.38 ab 27.33 c 47.76 bc 3.17 a 3.14 a 2.96 a
ZC 0+PM 11.13 b 12.76 ab 13.71 ab 42.14 ab 43.04 ab 44.62 c 3.12 a 2.86 a 2.82 a
ZC 10+PM 12.11 ab 13.19 a 13.05 b 39.85 ab 43.62 ab 43.31 c 3.11 a 2.94 a 2.98 a
ZC 20+PM 11.18 a 12.75 ab 13.60 ab 43.01 ab 43.35 ab 45.29 bc 2.91 a 3.09 a 3.08 a
ZC 40+PM 12.75 a 12.48 ab 14.38 ab 44.55 a 42.42 ab 49.93 ab 3.17 a 3.06 a 2.84 a
S.E ± 0.32 ± 0.34 ± 0.34 ± 1.22 ± 1.17 ± 1.14 ± 0.12 ± 0.11 ± 0.10

Plastic mulch

Zeolite (t ha-1)

Firmness  (N cm-2)Diameter (mm)Length (cm)

DAS: days after sowing; ZC: zeolite; PM: plastic mulch; NPM: no plastic mulch; S.E: standard error. Means 
(n = 3) ± standard errors of the means with common letters in columns, within each section, are statistically 

similar according to the Tukey test (P > 0.05).

Table 2: Length, diameter and firmness of zucchini fruits cultivated in a soil with different levels of zeolite 
applied and with and without plastic mulch.
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carbohydrates content of fruits.
In the present study zeolite does not have 

a significant effect on total chlorophylls 
(Table 3). The PM treatment increased total 
chlorophylls at 69 DAS by 12.2%. The zeolite-
PM interaction, significantly increased total 
chlorophylls by 26% in the treatment with 
ZC 10+PM and 15.6% in treatment with ZC 
20+NPM at 76 DAS. Various authors such as 
Issa et al. (2001), mention that zeolite did not 
have a significant effect on total chlorophylls 
in gerbera plants, which is consistent with our 
results with zucchini plants. 

Abdi et al. (2006) studying the effect of 
zeolite added to strawberry plants, founded 
that there is a direct relationship in the 
increment of total chlorophylls with the 
doses of zeolite applied. Likewise, Krutilina 
et al. (2000) mention that chlorophylls are 
increased in treatments with zeolite compared 
to control plants due to the high cation 
exchange capacity of zeolite and its ability of 
slow release cations.

The production of ascorbic acid was 
significantly reduced in those treatments 
where zeolite was added up to 20 t ha-1. The PM 
reported a 24% reduction in the production of 
ascorbic acid compared to treatments without 
plastic mulch. The PM and zeolite reduces 
the production of vitamin C proportionally 
with high doses of zeolite, up to 40 t ha-1. In 
the present work we got low concentrations of 
ascorbic acid, which could be owing to such 
factors as salinity, radiation, temperature, fruit 
maturity, mechanical damage, because these 
factors according to Lee and Kader (2000) and 
Rouphael et al. (2006), affect the synthesis of 
vitamin C.

No statistical differences were found 
regarding to yield of zucchini fruits, however, 
we found a higher yield related to the dose of 
zeolite applied. The plastic mulch increased 
the yield by 23.7% compared to treatments 
with bare soil. The interaction zeolite plus 

PM increased yield proportionately with the 
higher doses of zeolite applied to the soil. 

Zeolite added to the soil increases the 
absorption of nitrogen, high levels of this 
mineral in the soil increases yield (Zheng et 
al., 2018), which is consistent with what was 
observed in this work. Greater performance 
by effect of the PM, could be attributed to 
modifications of soil microclimate, to the 
energy balance at soil level, to the control of 
weeds, less loss of humidity, good structure of 
the soil by effect of mulching, improvement 
of soil fertility and to the reflection of solar 
radiation by the PM.

CONCLUSIONS
Treatments containing 20 and 30% zeolite 

increased total porosity and bulk density of 
the substrate, also promoted a greater water 
retention capacity compared to the control 
treatment. Regarding to fruit quality, zeolite 
applied at 20 and 40 T ha-1 significantly 
increased fruit diameter. In a similar way, 
plastic mulch increased fruit diameter and 
total yield. The interaction zeolite-PM showed 
highly significant differences in length, fruit 
diameter, total soluble solids and firmness of 
zucchini fruits, also were positively affected 
by the interaction of zeolite and plastic mulch. 
Therfore, we conclude that growth, yield and 
quality of C. pepo plants can be improved by 
amending the soil with natural zeolite and by 
using plastic mulch.
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Treatments
Fruit yield 

(kg planta-1)

69 DAS 76 DAS 69 DAS 76 DAS 62 DAS 69 DAS 76 DAS ---------
Zeolite (t ha-1)

0 17.42 a 18.22 a 6.75 a* 5.63 b 12.73 a* 5.69 ab 3.06 a 3.48a
10 16.63 a 20.51 a 5.65 bc 6.73 a 7.21 b 6.92 a 2.13 ab 3.92a
20 16.28 a 20.27 a 6.25 ab 5.65 b 7.44 b 4.54 b 1.42 b 3.59a
40 18.38 a 17.63 a 5.37 c 5.72 b 8.59 b 5.04 ab 1.87 b 4.08a
S.E ± 0.6 ± 0.79 ± 0.18 ± 0. 16 ± 0.79 ± 0.49 ± 0.23 ± 0.39
Plastic mulch

PM 18.17 a 19.03 a 5.83 a 5.79 a 8.48 a 5.30 a 1.83 b 4.17a
NPM 16.19 b 19.28 a 6.18 a 6.08 a 9.50 a 5.79 a 2.41 a 3.37a
S.E ± 0.43 ± 0.56 ± 0.13 ± 0.11 ± 0.56 ± 0.35 ± 0.16 ± 0.27
Interaction
ZC 0+NPM 16.93 a 18.65 ab 6.97 a 5.03 d 11.54 ab 7.84 a 4.00 a 3.05a
ZC 10+NPM 15.66 a 17.53 bc 5.80 a 7.17 a 6.05 b 7.24 ab 1.91 b 3.61a

ZC 20+NPM 15.53 a 21.56 abc 6.47 a 5.80 bcd 8.93 ab 3.29 c 1.32 b 3.00a
ZN 40+NPM 16.65 a 19.39 abc 5.47 a 6.30 ab 11.49 ab 4.79 abc 2.41 ab 3.83a
ZC 0+PM 17.92 a 17.78 b 6.53 a 6.23 abc 13.92 a 3.53 bc 2.12 b 3.91a
ZC 10+PM 17.61 a 23.5 a 5.50 a 6.30 ab 8.38 ab 6.59 abc 2.35 ab 4.24a
ZC 20+PM 17.02 a 18.98 abc 6.03 a 5.50 bcd 5.94 b 5.80 abc 1.52 b 4.18a
ZC 40+PM 20.11 a 15.87 c 5.27 a 5.13 cd 5.69 b 5.29 abc 1.33 b 4.34a
S.E ± 0.86 ± 1.12 ± 0.26 ± 0.22 ± 1.12 ± 0.70 ± 0.33 ± 0.55

VC (mg 20 g-1 muestra)TSSTotal chlorophylls 
(mg/L)

DAS: days after the transplant; ZC: zeolite; PM: plastic mulch; NPM: no plastic mulch; S.E: standard error. 
Means (n = 3) ± standard errors of the means with common letters in columns, within each section, are 

statistically similar according to the Tukey test (P > 0.05).

Table 3: Total chlorophylls, soluble solids (TSS), vitamin C (VC) and yield fruit of zucchini cultivated in 
soil with different levels of zeolite and plastic mulch.



10
Journal of Engineering Research ISSN 2764-1317 DOI 10.22533/at.ed.3173182302062

REFERENCES
Abdi, G., Khosh K.M. and Eshghi, S. (2006). Effect of natural zeolite on growth and flowering of strawberry (Fragaria anassa 
Duch). International Journal of Agricultural Research. 4: 384- 389.

Amer, K.H. (2011). Effect of irrigation method y quantity on squash yield and quality. Agricultural Water Management. 98: 
1197–1206.

Ghazvini, R.F. and Azarian, G.P.H. (2007). Effect of clinoptilolitic-zeolite and perlite mixtures on the yield and quality of 
strawberry in soil-less culture. International Journal of Agricultural and Biological. 9: 885–888.

Gholamhoseini, M., Habibzadeh, F., Ataei, R., Hemmati, P. and Ebrahimian, E. (2018). Zeolite and hydrogel improve yield of 
greenhouse cucumber in soil-less medium under water limitation. Rhizosphere, 6, 7-10.

Heeb, A., Lundegårdh, B., Ericsson, T. and Savage, G.P. (2005). Nitrogen form affects yield and taste of tomatoes. Journal of the 
Science of Food and Agriculture. 85: 1405-1414.

Hu, W., Li, J., Jiao, X. and Jiang, H. (2023). Zeolite as a tool to recycle nitrogen and phosphorus in paddy fields under straw 
returning conditions. Agronomy, 13(2), 327.

Jarosz, R., Szerement, J., Gondek, K. and Mierzwa-Hersztek, M. (2022). The use of zeolites as an addition to fertilisers–A review. 
Catena, 213, 106125.

Krutilina, V.S., Polyanskaya, S.M., Goncharova, N.A. and Letchamo, W. (2000). Effects of zeolite and phosphogypsum on 
growth, photosynthesis and uptake of Sr, Ca and Cd by barley and corn seedlings. Journal of Environmental Science and Health 
Part A. 35: 15-29.

Lee, S.K. and Kader, A.A. (2000) Preharvest and postharvest factors influencing vitamin C content of horticultural crops. 
Postharvest Biology and Technology .20:207–220.

Lira-Saldivar, R.H., Méndez-Argüello, B., Felipe-Victoriano, M., Vera-Reyes, I., Cárdenas-Flores, A., Ibarra-Jiménez, L. (2017). 
Gas exchange, yield and fruit quality of Cucurbita pepo cultivated with zeolite and plastic mulch. AGROCHIMICA, 61 (2): 123-
139. DOI 10.12871/0021857201713

Méndez Argüello, B., Lira-Saldivar, R.H., De los Santos Villarreal, G. and Vera Reyes, I. (2018). Water holding capacity of 
substrates containing zeolite and its effect on growth, biomass production and chlorophyll content of Solanum lycopersicum 
Mill. Nova Scientia, 10 (2): 45-60.

Mumpton, F.A. (1999). La roca magica: Uses of natural zeolites in agriculture and industry. Proceedings of the National Academy 
of Sciences, 96(7), 3463-3470.

Pire, R. and Pereira, A. (2003). Propiedades físicas de componentes de sustratos de uso común en la horticultura del estado Lara, 
Venezuela. Propuesta metodológica. Bioagro, 15(1): 55-64.

Rouphael, Y., Cardarelli, M., Rea, E., Battistelli, A. and Colla, G. (2006). Comparison of the subirrigation and drip-irrigation 
systems for greenhouse zucchini squash production using saline and non-saline nutrient solutions. Agricultural Water 
Management. 82: 99-117.

Sharma, V., Javed, B., Byrne, H., Curtin, J. and Tian, F. (2022). Zeolites as carriers of nano-fertilizers: From structures and 
principles to prospects and challenges. Applied Nano, 3(3), 163-186.

Sharma, N.C., Sharma, S.D. and Spehia, R.S. (2013). Effect of plastic mulch colour on growth, fruiting and fruit quality of 
strawberry under polyhouse cultivation. International Journal of Bio-resource and Stress Management. 4: 314-316.

Sheta, A.S., Falatah, A.M., Al-Sewailem, M.S., Khaled, E.M. and Sallam, A.S.H. (2003). Sorption characteristics of zinc and iron 
by natural zeolite and bentonite. Microporous and Mesoporous Materials, 61(1-3), 127-136.



11
Journal of Engineering Research ISSN 2764-1317 DOI 10.22533/at.ed.3173182302062

Shiukhy, S., Raeini, S.M. and Chalavi, V. (2014). Colored plastic mulch microclimates affect strawberry fruit yield and quality. 
International Journal of Biometeorology. 1: 1-6.

Wang, S.Y., Galletta, G.J., Camp, M.J. and Kasperbauer, M.J. (1998). Mulch types affect fruit quality and composition of two 
strawberry genotypes. Hort. Science. 33: 636-640.

Zheng, J., Chen, T., Xia, G., Chen, W., Liu, G. and Chi, D. (2018). Effects of zeolite application on grain yield, water use and 
nitrogen uptake of rice under alternate wetting and drying irrigation. International Journal of Agricultural and Biological 
Engineering, 11(1), 157-164.


