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Abstract

Modern, technologically advanced fertilizers that increase the efficiency of the plant’s use
of macro and microelements while reducing the doses used are one of the most impor-
tant elements of sustainable plant production. Current European Union policy, especially
the from-farm-to-fork strategy, which is part of the European Green Deal and sustain-
able agriculture, requires producers to seek new solutions that will ensure higher yields
while reducing the number and volume of fertilizers and pesticides introduced into the
environment. The aim of conducted research was to determine the effect of the appli-
cation of Techno Z (sulphur 67% + zinc 14%), an advanced microgranular sulphur/zinc
fertilizer with patented ORT technology on greenhouse-grown tomato, one of the most
popular vegetables grown worldwide. Consumption is constantly growing, and demand is
much higher in many countries than domestic production. Therefore, measures aimed at
increasing yields, such as more effective, sustainable fertilization, are extremely important.
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1. Introduction

Modern technologically advanced fertilizers that increase the efficiency of the plant’s
use of macro and microelements while reducing the doses used are one of the most im-
portant elements of sustainable plant production. Current European Union policy, es-
pecially the from-farm-to-fork strategy, which is part of the European Green Deal and
sustainable agriculture, requires producers to seek new solutions that will ensure higher
yields while reducing the number and volume of fertilizers and pesticides introduced into
the environment.

Tomato is one of the most popular vegetables grown around the world. Currently,
the demand for this product is constantly growing and, in many countries, it is much
higher than domestic production. Therefore, activities and treatments aimed at increasing
crop efficiency and improving yields are extremely important. The most popular include
irrigation and fertilization. The appropriate irrigation dose as well as irrigation schedule is

Sustainability 2025, 17, 9764

https://doi.org/10.3390/sul7219764


https://doi.org/10.3390/su17219764
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-5979-0287
https://orcid.org/0000-0002-0340-3273
https://orcid.org/0000-0001-5894-2269
https://orcid.org/0000-0003-4290-8490
https://orcid.org/0000-0001-8740-5358
https://orcid.org/0000-0002-1545-7885
https://doi.org/10.3390/su17219764
https://www.mdpi.com/article/10.3390/su17219764?type=check_update&version=1

Sustainability 2025, 17, 9764

2 of 14

crucial to achieve expected plant parameters and high tomato yields [1]. Currently, there is
observed an increase in importance of fertilizer usage, which not only improves yields but
also tomato quality [2].

Currently, one of the biggest problems for tomato cultivation is the fact that it is
exposed to many factors that can limit its yield. These factors include not only pests but
also extreme climatic phenomena such as droughts or heavy rains, the intensity of which
is increasing due to ongoing climate changes. In many regions of the world, a beneficial
strategy is the use of greenhouse for tomato production. By doing this, one can easily
regulate environmental factors and, thus, influence the quantity and quality of harvested
crops. Greenhouse production allows for adjustment of the temperature, humidity and
light; thus, it results in optimal conditions for plant growth throughout the whole growing
season. It is extremely important in regions with unfavourable climatic conditions for
growing plants. It also allows for efficient water management and the use of solar energy
for heating [3].

The most important goal in breeding and cultivating tomato varieties is to improve
fruit quality. Key traits considered include fruit size, shape, firmness, colour, nutrient
content, and taste. Fertilization and selection of the appropriate variety also affect yield
and quality of harvested fruit [4-7]. Growers of tomato varieties that require intensive
cultivation use large amounts of NPK fertilizers to maximize yields [8]. This leads to serious
disruptions in the balance of nutrients in the soil, which in turn results in increasingly
common deficiencies in secondary and micronutrients, which have a negative impact on
yields and their quality [9]. The high accumulation of phosphorus in the soil observed
because of such activities has negative effects on the ability to take in zinc, which leads to its
deficiency in plants [10]. This situation, referred to as hidden hunger, leads to serious yield
losses and a decrease in tomato quality [8]. Zinc deficiency may be one of the key obstacles
to obtaining good tomato yields with high fruit quality. Previous studies have shown that
zinc is one of the key elements that allow maintaining these parameters at the required
level [11-17]. Zinc plays a key role in many plants’ physiological processes, even at very
low concentrations. It is one of 17 essential elements needed for proper plant growth and
development. It is important for carbohydrate metabolism, regulation of growth processes,
seed germination and protein synthesis [18-20]. This element is also crucial for protection
against photodamage and heat stress, and defence against some pathogens [21]. Zinc is
an essential trace element that supports enzymatic reactions, similarly to manganese and
magnesium. It can also improve photosynthetic efficiency and strengthen the antioxidant
system of tomato plants [22]. Additionally, in combination with boron, zinc helps in
auxin synthesis, supports cell wall growth and cell proliferation in plants [23]. Zinc also
plays a key role in the detoxification of free oxygen radicals and the production of the
enzyme carbonic anhydrase, which aids in the transport of CO; during photosynthesis [21].
For the above reasons, it is difficult to overestimate the importance of zinc as one of the
micronutrients used in fertilizers for many plant species, including tomatoes.

In tomatoes, zinc deficiency results in changes in leaf appearance, downward curling
of leaf petioles, and increased leaf fragility. A prolonged zinc deficiency causes the leaves
to turn orange-brown with spots. Zinc deficiency has a very negative effect as it contributes
to the inhibition of tomato growth [24].

The aim of conducted research was to investigate the effect of the application of Techno
Z (sulphur 67% + zinc 14%), (SML Limited, Mumbai, India), an advanced microgranular
sulphur/zinc fertilizer (WG formulation) with patented ORT technology (Optimal Release
Technology) on selected parameters of tomatoes grown under greenhouse conditions in
three countries: Italy, Poland and Spain. These three countries are among the main tomato
producers in Europe, which is why they were chosen as the research area. Examining



Sustainability 2025, 17, 9764

3o0f14

how the use of fertilizers will affect production in this area is important in light of the
development of the European agricultural market. The research focused not only on yield
but also investigated the impact of Techno Z on the overall health of plants, comparing it
with zone reference products.

2. Materials and Methods

The research was conducted to confirm the hypothesis, assuming that the use of
modern Techno Z fertilizer with patented ORT Technology might have a positive effect on
selected tomato growth parameters and ensure yielding at a comparable or higher level
compared to reference products. The experiment was conducted in three countries: Poland
(one location), Spain (two locations), and Italy (two locations) in 2023 using treatments pre-
sented in Table 1. The dose range used was based on the manufacturer’s recommendations.

Table 1. Experimental combinations.

Treatment Type * Treatment Name Rate
1 CHK 100% NPK 200 g-100 L1
2 FERT Techno Z 20 kg-ha™!
3 FERT Techno Z 30 kg-ha™!
4 FERT Techno Z 40 kg-ha!
Techno Z 20 kg-ha!
> FERT + Trackon ** +10 kg-ha™!
Techno Z 30 kg-ha™!
6 FERT +75% NPK +150 g-100 L~!
7 STD According to the site 33 kg-ha~!
8 STD According to the site 2kgha!

* CHK—control treatment; FERT—fertilizer-tested; STD—reference product; ** Trackon (WG)—a micronutrient
fertilizer with wide range of use in plant cropping.

The plots with zone reference products were also set in each location in order to
compare the effect of Techno Z tested combinations of the reference products available in the
market. In Spain, these were the products: Afesol and Folvian Zn, in Italy: Sulfur Top and
zinc sulphate, and in Poland: Wigor S and zinc sulphate. All plots were randomized and a
complete block design with four replicates. Fertilizers were applied in each combination
using a motorized backpack sprayer. Plant parameters such as SPAD (chlorophyll content,
0-100%), NDVI (Normalized Differential Vegetation Index, 0-1) and yield of marketable
fruits were measured. For SPAD (SPAD MC-100, Apogee), 30 measurements were taken
per plot in 70 BBCH, and for NDVI (HCS 250 GreenSeeker, Trimble), five measurements
per plot in 60 BBCH. The measurements were taken in the morning hours from the side
without direct exposure to the sun, unified across the plots.

The data obtained were subjected to statistical analysis. The ARM 2023.6 software
from Gylling Data Management was used. Data was analyzed using analysis of variance
(ANOVA) on untransformed values and on transformed ones if the Levene’s test indicated
so. Student-Newman—-Keuls's test was used to separate means based on the ANOVA test
at 85% confidence level.

3. Research Sites
3.1. Spain

There were two experimental locations: the first on was Zafarraya (SP-1), southern
Spain, near Malaga and in Los Palacios y Villafranca (SP-2), south-western Spain, near
Seville. In location SP-1, the Obelix tomato variety was grown in the greenhouse. The soil
was clayey loam, with a good nutrient content. During the experiment tested fertilizers
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were applied to individual plots thrice (A, B, and C). Application A was performed on
23rd June at crop growth stage BBCH 13 (after replanting), application B on 7th July at
crop growth stage BBCH 65 (flowering stage), and application C on 11th August at crop
growth stage BBCH 73 (fruit development stage). Weather data were collected from the
weather station located in Zafarraya, 2.3 km from the greenhouse. The weather during the
test period was warmer and with less rainfall as compared to the seasonal average of recent

years. Meteorological data are presented in Table 2.

Table 2. Locations’ no. of applications, study periods and meteorological data of experiments.

No. of Techno Z Study . Average Total Longltude/
Country Application Period Station Temperature Rainfall Latitude/
Altitude
1 July 2023-14 Ifana Los —5.8780389 W
Spain (SP-2) 2 September P I1’ . 26.3°C 40.6 mm 37.1759278 N
alacios
2023 11m
23 June —4.1352778 W
Spain (SP-1) 3 2023-5 Zafarraya 21.6 °C 40.7 mm 36.9763889 N
October 2023 893 m
15 May 2023— 12.135875 E
Italy (IT-2) 2 15 September ~ Fosso Ghiaia 22.3°C 190.8 mm 44.37098 N
2023 2m
17.04459444 E
1 July 2023-31 °
Italy (IT-1) 3 Massafra 27.0 °C 14.4 mm 40.5281056 N
October 2023 10m
1 July 2023- 18.2526278 E
Poland 3 3 November Strzelno 16.1 °C 246.0 mm 52.5086889 N
2023 100 m

The second Spanish location was Los Palacios y Villafranca (SP-2). The experiment
was conducted with Suzana, a tomato variety utilized for industrial processing. The soil in
greenhouse was sandy clay loam, with good nutrient content. Preparations were applied
to individual plots twice (A and B). Application A was performed on 30th June at crop
growth stage BBCH 13 (after replanting) and application B on 3rd August at crop growth
stage BBCH 51 (flower bud development). Weather data were collected from the weather
station located in Ifapa Los Palacios, 1.2 km from the tomato field. The weather during
the experiment was warmer and with less rainfall as compared to the seasonal average of
recent years. Meteorological data are presented in Table 1.

3.2. Italy

In Italy, the experiment was conducted in two locations: Palagiano (IT-1) in the center
of the southern region of Italy, Puglia. The studies were conducted on greenhouse tomato,
Volare variety. The soil was sandy, with a fair amount of nutrients. The plants were treated
thrice with fertilizers being tested. The first application was performed on 6th July, five
days after replanting, the second one on 8th August, during flowering stage, and the last
on 7th October, during fruit development stage. Weather data were collected from the
weather station located in Massafra, 6.2 km from the greenhouse. The weather during the
test period was warmer and the rainfall was comparable to the seasonal average of recent
years. Meteorological data are presented in Table 1.

The second location was Ravenna (IT-2), inside the upper-central region of Italy, Emilia-
Romagna. The experiment was conducted on industrial tomato variety Heinz 2009 F1.
The soil was sandy silty loam, with a fair content of nutrients. Fertilizers were applied
twice. The first application was performed on 3rd June, seven days after replanting and the
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second one on 27th July, during fruit development stage. Weather data were collected from
the weather station located in Fosso Ghiaia (RA), 11 km from the tomato field. The weather
during the test period was warmer and the rainfall was comparable to the seasonal average
of recent years. Meteorological data are presented in Table 1.

3.3. Poland

In Poland, the experiment was conducted in Nozyczyn, located in the northern part
of the country. Tomato variety Paronset was used and hand-replanted in greenhouse on
June 5th. Fertilizers were applied three times: June 7th, July 7th and August 11th. The first
application was performed two days after replanting and the second during the flowering
stage of the crop. The last application was performed during the fruit development stage,
when the fruits began to change colour. The soil in greenhouse was classified as sandy clay
loam. Weather data were collected from the weather station located in Strzelno, 14 km from
the greenhouse. Meteorological data are presented in Table 1.

4. Results
4.1. NDVI

The experiment in Los Palacios y Villafranca (Spain, SP-2), where two doses of fertilizer
were applied, showed that Techno Z evidently improved the NDVI of the crop canopy as
compared to untreated plots. Techno Z at 40 kg-ha~! dose rate showed 0.57 NDVI value,
whereas the NDVI value was 0.55 after Techno Z application at 30 kg-ha~!. These two
treatments were statistically similar; the NDVI recorded in untreated plots was only 0.48.
The highest NDVI value (0.59) was recorded in the plots where Techno Z was applied at
20 kg-ha~! in combination with Trackon at 10 kg-ha~! dose rate (Figure 1b).

In location SP-1, where Techno Z was applied three times, it was observed that this
preparation evidently improved the NDVI of the crop canopy as compared to the untreated
plots. Techno Z application at 40 kg-ha~! dose rate resulted in 0.67 NDVI value. The same
value was also noted for Techno Z applied at 20 kg-ha~! dose rate. These two treatments
were statistically similar along with Techno Z at 20 kg-ha~! + Trackon at 10 kg-ha~! and
Afesol at 150 kg-ha~!; the NDVI recorded in untreated plots was only 0.51. The highest
NDVI value (0.72) was noted for the plots treated with Techno Z at 30 kg-ha~! with 25%
reduced NPK dose rate (Figure 1a).

In Poland, application of two doses of Techno Z in the greenhouse experiment resulted
in significant differences in NDVI values. Techno Z applied at 40 kg-ha~! showed the
highest NDVI value (0.65), which was statistically similar only to treatment with Wigor
S at 33 kg-ha~! and significantly better than any other treatments in the trial (Figure le).
In contrast, different results for the NDVI index were obtained in Italy. For both triple
(Figure 1c) and double (Figure 1d) fertilizer application, no significant differences in NDVI
values were observed.

4.2. Chlorophyll Content-SPAD

In Italy, where Techno Z was applied twice (IT-2), no statistically significant differ-
ence for SPAD value was observed among the treatment. However, Techno Z applied at
40 kg-ha~! showed slightly numerical improvement compared to untreated plots
(Figure 2d). With its application, a result of 61.9 was achieved, and for the untreated
crop, it was 58.5. The same value as for untreated plants was also achieved for
75% NPK + Techno Z 30 kg-ha~!. Interestingly, the lowest SPAD value was obtained when
using the Techno Z 20 kg-ha~! + Trackon 10 kg-ha~!. It was equal to 56.5.
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Figure 1. NDVI values for specific treatments (a) after triple application in Spain (SP-1); (b) after
double application in Spain (SP-2); (c) after triple application in Italy (IT-1); (d) after double application
in Italy (IT-2); (e) after triple application in Poland. Different lowercase letters indicate a statistically
significant difference.

In the case of Italy, where Techno Z was applied three times (IT-1), statistically signifi-
cant differences were obtained between the control plot and the different doses of Techno
Z. However, these results were inconclusive with regard to the effect of this fertilizer. For
the untreated plot, a value of 74.4 was obtained, while for Techno Z applied at 20 kg-ha~!
dose rate, the value was significantly lower at 72.9. Interestingly for Techno Z applied at
30 kg-ha=! and 40 kg-ha~! dose rate, a significant improvement in this parameter was
observed and the results obtained were 76.6 and 75.6, respectively. However, the best result
was achieved for Techno Z 20 kg-ha~! + Trackon 10 kg-ha~! equal to 77.4 (Figure 2c). In the
case of 75% NPK + Techno Z 30 kg-ha~! as well as Sulfur Top, a significant improvement in
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In Spain, for double fertilization (SP-2), no significant differences were observed in
the SPAD-obtained values (Figure 2b). However, a similar trend to the IT-1 location was
noticeable. For Techno Z applied at 20 kg-ha~! dose rate, a lower value was obtained (54.9)
than for the untreated plot (55.7), while for the other treatments, the values were higher
and ranged from 56 to 57.4. The highest result of 57.4 was obtained for Afesol. For the
Folvian Zn application, the value was similar to the control at 55.9.

In contrast, different results were obtained for Spain at triple fertilization (SP-1). Here,
SPAD values improved significantly for the Techno Z-applied treatment at 20 kg-ha~! dose
rate, 30 kg-ha~! dose rate and Techno Z 20 kg-ha~! + Trackon 10 kg-ha~!, and were 72.8,
72.3 and 72.2, respectively. For the untreated plot, a value of 68.3 was reached and was not
statistically different from the values obtained for the other treatments (Figure 2a).

For the experiment in Poland, no significant differences in SPAD values were observed
between the control plot and the individual treatments (Figure 2e). The lowest values were
obtained for Wigor S (51.2) and zinc sulphate (51.6) and were lower than the untreated plot
(52.1). The highest result of 54.6 was recorded for Techno Z applied at 20 kg-ha~! dose rate.

4.3. Marketable Yield

Looking at the results obtained for Italy, where fertilizer was applied twice (IT-2), the
obtained values varied between 60.5 and 66.5 t-ha~! (Figure 3d). The lowest result was
achieved with the application of Sulfur Top and the highest with Techno Z at 40 kg-ha~!
dose. Furthermore, there was no statistically significant difference in yield among the
treatments, but Techno Z at 40 kg-ha~! dose rate increased by 4.7 t-ha~! the marketable
yield of industrial tomatoes, compared to the untreated plots. This result showed a tendency
to improve marketable yield by Techno Z application.

In the case of the triple dose application (IT-1), it was observed that there was no
statistically significant difference in yield among the treatments, but Techno Z at 40 kg-ha~!
dose rate increased by 0.7 t-ha~! the marketable yield of greenhouse tomatoes, compared
to the untreated plots (Figure 3c). All the treatments showed a yield between 10.8 t-ha~!
and 11.7 tha~!. The smallest value was obtained for Techno Z 20 kg-ha~! + Trackon
10 kg-ha—! and was 10.8 t-ha™!, less than the untreated plot. A lower value than the control
plot was also obtained for zinc sulphate at 10.9 t-ha~!. In other cases, the value was slightly
higher than the untreated plot.

In Spain, after a double dose application (SP-2), it was found that the untreated check
showed the lowest marketable fruits’ yield with 50.5 t-ha=! (Figure 3b). This result was
statistically comparable with treatments in which products Afesol and Folivan Zn were
used. All the other treatments with experimental product Techno Z recorded a greater yield,
both numerically and statistically. Techno Z at 40 kg-ha~! dose rate recorded the highest
yield, 54.3 t-ha~!, which was 3.8 t-ha~! yield improvement compared to the untreated plots.
Techno Z increased the marketable yield by 7.6 percent compared to the untreated plots
in treatment Techno Z at 40 kg-ha~!, whereas the growth was 6.7 percent with treatment
by Techno Z at 30 kg-ha~!. Furthermore, the Techno Z product clearly outperformed the
market standard Afesol and Folivan Zn in marketable yield.

In Poland, Techno Z applied at 40 kg-ha~! dose rate resulted in 18.7% total yield
improvement compared to untreated plots, which itself is a testament to the product
efficacy (Figure 3e). This resulted in 137.46 t-ha~! and the control plot, 117.67 t-ha™!
(increase of 19.79 t-ha~1). However, the difference was not statistically significant. For all
treatments, Techno Z outperformed the control plot, and the results were 123.58 t-ha1
for Techno Z applied at 20 kg-ha’l, 128.54 t-ha~! for the 30 kg dose, 124. 42 t-ha~! for
Techno Z 20 kg-ha~! + Trackon 10 kg-ha~! and 120.92 t-ha~! for 75% NPK + Techno Z
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5. Discussion

The results showed variable NDVI response to application of Techno Z across different
locations. In Spain (SP-2), there was notably higher NDVI as compared to control plots with
values ranging from 0.48 in untreated combinations to 0.55-0.57 with various application
rates and reaching 0.59 when combined with Trackon. Similarly positive results were
observed in Spain (SP-1), where the highest NDVI value (0.72) was achieved with Techno
Z at 30 kg-ha~! with reduced NPK, compared to just 0.51 in untreated plots. The Polish
greenhouse experiment also demonstrated significant improvements in NDVI with Techno
Z application at 40 kg-ha~1.

The positive NDVI response to Techno Z application complies with findings from
the study of [25] examining spectral vegetation indices in fertilizer assessment. Research
on industrial tomato production have confirmed that temporal variability between veg-
etation indices and foliar nitrogen content exhibits significant positive correlation with
productivity, particularly during the flowering stage [26]. This provides scientific validation
for using NDVI as a predictive tool for yield assessment, as demonstrated in our Techno
Z experiments.

This approach allows for more precise application of fertilizer based more on plant
nutritional needs rather than predetermined schemes. NDVI improvements obtained with
Techno Z, particularly at the 40 kg-ha ™! rate, suggest that this fertilizer effectively enhances
overall vigour of tomato plants. Indices including NDVI can be used for implementation of
nitrogen fertilization methodologies, resulting in potential reduction in nitrogen application
by 25.2% to 43.8% without significant deterioration of plant productivity or fruit quality [25].

The experiments in Italy showed no significant differences in NDVI values between
treatments, which contrasts with the positive results observed in Spain and Poland. This
regional variation reflects the complex interaction between fertilizer efficacy and local
environmental conditions. Regional variations in NDVI response were also observed in
other studies, such as the research on rice productivity under combinations of fertilizer
doses and irrigation management [27]. This underscores the importance of considering
local soil conditions, climate and cultivation practices when interpreting NDVI data and
making fertilizer recommendations.

Chlorophyll content, measured as SPAD values, exhibited inconsistent responses
to Techno Z applications. While significant improvements were recorded in some lo-
cations (SP-1, IT-1, Poland), no statistically significant differences were noted in other
ones (IT-2, SP-2). This variable response is in contrast with the findings from other re-
search, where zinc applications consistently enhanced vegetative growth parameters and
chlorophyll content.

These variable SPAD responses correspond with findings in the literature. Research
on organo-mineral fertilizers has demonstrated that foliar applications can increase leaf
greenness index (SPAD) compared to control treatments, with a positive correlation
(R2 = 0.726) between SPAD and marketable yield [28]. Such a correlation suggests that
SPAD may be one of the indicators of potential productivity. The complex relationship
between fertilizer application and chlorophyll content was also evident in research on
ammonium-nitrate ratios in fertilizers. Wang et al. found that optimizing the ammonium-
to-nitrate nitrogen mass ratio positively affected tomato nutritional value and quality
parameters [29]. It may suggest that the effectiveness of Techno Z in increasing chlorophyll
content may be affected by the specific nutrient forms and ratios contained in the fertilizer.

The relationship between fertilization and chlorophyll does not only refer to traditional
fertilizers. Studies on microbial biofertilizers and algae-based biostimulants in organic
tomato production reported positive effects on SPAD values [30]. This suggests potential of
biological components in enhancement of chlorophyll development through mechanisms
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different from conventional nutrient supply. Research on selenium fertilizer application on
tomato plants demonstrated effect of micronutrients on chlorophyll content and overall
plant physiological status [31]. Foliar application of zinc and boron on tomatoes at appro-
priate concentrations can increase the leaf chlorophyll content, which translates into better
plant growth. However, the effectiveness of this application depends on the concentration,
form of micronutrients and environmental conditions [32,33]. Macro- and micronutrient
availability dependent on specific local conditions may explain variability observed in
chlorophyll content responses to Techno Z application at different experimental locations.

One of the most important parameters for evaluating fertilization effectiveness is its
impact on the marketable yield. Techno Z increased this parameter of tomatoes compared
to the control combination, but these differences were not statistically significant.

These findings align with other research showing that zinc fertilization can substan-
tially increase tomato yield [9]. Nas and Duman [34] confirmed that zinc application
resulted in higher yield compared to zinc-free and control treatments of several tomato cul-
tivars under various production seasons. Ahmed et al. [17] noted that after foliar spraying
with 100 ppm ZnO-NPs, tomato yields in greenhouses increased by 200% compared to the
control group. They also found that spraying is more effective than the use of traditional
zinc fertilizers. Positive results were also obtained by Khatri [35], in whose experiment
foliar application of chelated zinc at a dose of 30 ppm contributed to an increase in tomato
yield. After this application, they obtained a yield of 56.56 t-ha~!, while the control yield
was 34.26 t-ha—!. Moreover, foliar application of zinc and boron was reported effective
in significant increase in tomato yields. In particular, the combination of zinc and boron,
each at a concentration of 100 ppm (T8), resulted in earlier flowering, a higher number of
flowers and fruit yield [32].

Considering the effectiveness of zinc fertilization, it is important to consider its form.
Studies on application of ZnO nanoparticles showed that their application can lead to
better results compared to classical zinc fertilizers, e.g., foliar application of 100 ppm ZnO
nanoparticles produced the best results in terms of growth parameters, physiological traits,
yield and tomato fruit quality [36]. Both nanoparticle size and concentration significantly
affect plant response [37]. The way of nanoparticle formation also affects their efficiency
in plant fertilization. The comparison of biosynthesized ZnO-NPs with their chemically
synthesized equivalents found that the use of biosynthesized nanoparticles at 250 ppm
combined with algal extract resulted in better plant quality parameters [38]. Zinc used as
nanoparticles may be more effective than conventional sources of this element and show
the potential for reduced application rates while maintaining quality traits of plants [39].

6. Summary

The tomato is one of the most popular vegetables grown around the world. Consump-
tion is constantly growing, and demand is much higher in many countries than domestic
production. Therefore, measures to increase crop yields, such as appropriate fertilization,
are extremely important. This study aimed to determine the effect of the application of the
sulphur/zinc fertilizer Techno Z (sulphur 67% + zinc 14%) on greenhouse-grown tomato.
The improvement in the NDVI index was observed in treated combinations compared to
controls in Spain and Poland. Regarding yield, there were no statistically significant dif-
ferences among treatments. However, consideration of the absolute values the 40 kg-ha~!
dose of Techno Z showed the highest performance increasing marketable yield by up to
19.79 t-ha~!, compared to the control plot.

As a result of the experiment, we confirmed the hypothesis that in general, the tested
fertilizer positively affected the selected plant growth parameters and yield. However,
the difference was not statistically significant for some parameters and locations. In all
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analyzed cases, the effects of the tested fertilizer were comparable to reference products or
higher at a statistically significant level.

Obtained results confirmed that the modern fertilizer, which is Techno Z containing
high concentration of sulphur and zinc, can enhance the delivery of nutrients, especially
sulphur and zinc, to crops by utilizing microgranular formulation and slow-release mecha-
nisms; this has potential and can be recommended to the tomato producers. Therefore, it
can be considered a solution that supports better use of nutrients and limits their soil losses
and, thus, reducing the burden to the soil environment.
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