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Plant growth in hydroponic systems is affected by the nutrient solution
concentration. The present study evaluated the effects of nitrogen (N)
and potassium (K) on the concentration of some nutrients, chemical
fruit qualities, and yield in tomatoes (Solanum lycopersicum, cv. Hirad).
The experiment was arranged as a completely randomized design with
four treatments (T1: N160 + K350 ppm at the vegetative stage and
N130 + K250 ppm at the reproductive stage, T2: N170 4+ K360 ppm at
the vegetative stage and N140 + K260 ppm at the reproductive stage,
T3: N180 + K370 ppm at the vegetative stage and N150 + K270 ppm
at the reproductive stage and T4: N190 + K380 ppm at the vegetative
stage and N160 + K280 ppm at the reproductive stage). Results
indicated that higher N and K supplies in the nutrient solution
decreased Ca, Na, Mn, and Zn concentrations in leaf samples. In
contrast, the concentration of various elements in fruits was unaffected
by the increase in N and K (except for Cu). The second treatment (T2)
had the most beneficial effect on the Cu concentration in tomato leaves
and fruits. The increase in total soluble solids, chlorophyll, lycopene,
and total acids could improve fruit quality in tomato fruits. The best
treatment in the present study was N170 + K360 ppm at the vegetative
stage and N140 + K260 ppm at the reproductive stage.

Introduction

This plant is highly pigmented and contains many

Tomato (Solanum lycopersicumL.) is one of the
most popular and commonly consumed vegetable
crops worldwide, with an annual production of
182a MT (Zarei et al,, 2019; Anonymous, 2020).
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types of antioxidants, such as ascorbic acid,
lycopene, [B-carotene, essential minerals, and
flavonoids, which contribute to ROS scavenging
(Casals et al,, 2018; D’Angelo et al., 2019). Good
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agricultural techniques are crucial to increasing
crop quality and yield, including those under
greenhouse production (Souri and Hatamian,
2019). Hydroponics is a water-saving cultivation
method that offers significant advantages,
including preventive measures for soil-borne
diseases and enriched nutrient supply via
solutions (Kauret al, 2018). Hydroponics
cultivation of fresh-market tomatoes has gained
popularity worldwide in recent years due to
improved growth, quality, and yield in these
systems (Lee and Lee, 2015).

Nitrogen is an essential mineral needed by
tomatoes for optimum quality and yield, as many
physiological and metabolic processes are
associated with nitrogen nutrition (Maathuis,
2009; Souri and Hatamian, 2019; Souri et al,,
2017). The production of tomatoes requires a
high amount of N (Khan et al., 2017; Youssef and
Eissa, 2017). The availability of this element can
affect fruit composition, taste, and quality
parameters in hydroponic culture (Dehnavard et
al,, 2017). Potassium (K) is a cationic nutrient in
most demand by tomatoes. K is involved in
various physiological and biochemical processes
in plants, such as photosynthesis, enzymatic
activity, secondary metabolism, protein synthesis,
and many food quality traits (Saghaiesh and
Souri, 2018; Tohidlooet al, 2018). The
biosynthesis of the carotenoids can be affected by
potassium in tomato fruits (Constan-Aguilar et
al, 2015). An adequate application of K to the
plant can entail a larger fruit size, greater yield,
increased ascorbic acid contents, and a higher
soluble solids content (Bidari and Hebsur, 2011).
Consequently, K fertilization is required to
increase fruit yield, quality, disease resistance in
fruits and vegetables, and beneficial effects on
consumer health (Caretto et al.,, 2008; Daoud et
al, 2020).

Precise N and K concentrations at various stages
during plant growth assist in increasing quality
traits in tomatoes (Soares et al., 2005). N levels of
0 to 120 and 180 kg ha! during cultivation
increase sugar, lycopene, protein, and ascorbic
acid concentrations in tomato fruits (Hui et al,,
2017). Increasing the K dose from 200 to 400 mg
L-1in hydroponic conditions improved fruit sugar,
protein, ascorbic acid, and lycopene content
(Ahmad et al, 2015). There was a significant
improvement in total soluble solids, lycopene,
ascorbic acid, and protein, thus reducing acids
and sugar content in the fruit as the K level
increased to 300 mg Lt in the hydroponic system
(Almeselmani etal., 2009). Given the role of Kand
N, the best combination of these elements in
nutrient solution can promote plant growth and
development, thus increasing fruit quality and
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yield.

Our studies and experience in commercial
greenhouses in the country, almost all of which
use imported cocopeat substrates, show that an
accumulation of potassium occurs in the cocopeat
substrate and disturbs the balance of elements,
such as nitrogen and others. Thus, it leads to the
uneven coloring of the fruit. Our hypothesis in this
experiment was to reduce the potassium
concentration in the reproductive stage and
increase it in the vegetative stage. The reason was
a lack of excessive accumulation in the substrate
to improve fruit quality. Thus, this experiment
aimed to assess the nutritional value, ascorbic
acid and lycopene concentrations, and fruit yield
under hydroponic systems supplied with a
nutrient solution that comprised different N and
K ratios. Applications occurred during the
different vegetative and reproductive stages of
tomato plants.

Materials and Methods

The experiment was carried out in a multi-span
greenhouse (September 2019-June 2020) at
Ebrahim Abad Agricultural Complex, Kerman
province, Iran ((31°47' N, 41°81’ E). Tomato
seeds (Hirad) were germinated in 50-cell trays
containing a mixture of perlite and cocopeat
substrate (75:25 v:v) and germinated under
greenhouse conditions. Twenty-five days after
sowing (at the four-leaf stage), we removed the
transplants from the substrate and transplanted
them into cocopeat bags (100 X 18 X 16 cm). The
distance between tomato rows was 130 cm, and
between two tomato plants within each row was
25 cm. Greenhouse conditions remained stable at
26/18 °C (day/night) at 85/65% relative
humidity, monitored through a thermostat while
using automatic heating and cooling. The
hydroponics experiment was a completely
randomized design, with five replicates and four
treatments. Nitrogen was supplied as NH4NOs and
potassium as KCL

1) T1 (vegetative stage, N160 + K350 ppm;
reproductive stage, N130 + K250 ppm)
2) T2 (vegetative stage, N170 + K360 ppm;
reproductive stage, N140 + K260 ppm)
3) T3 (vegetative stage, N180 + K370 ppm;
reproductive stage, N150 + K270 ppm)
4) T4 (vegetative stage, N190 + K380 ppm;
reproductive stage, N160 + K280 ppm)

Other macronutrients were P (50 ppm), Mg (60
ppm), S (140 ppm), and Ca (200 ppm)
(Eurosolids, Netherland). Micronutrients in the
solution were Fe (3.3 ppm), Mn (0.9 ppm), B (0.7
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ppm), Cu (0.1 ppm), and Mo (0.02 ppm)
(Tradecorp, Spain) in all treatment groups. The
solutions were renewed every week to maintain
pH values between 5.8 and 6.2. Ten months after
transplanting, four ripe fruits at their firm stage
were randomly selected per experimental unit to
measure the quality of tomato fruits and mineral
nutrient concentrations in the leaves and fruits.

Chlorophyll and carotenoid compounds

Fresh frozen leaves (0.5 g) were ground and then
homogenized with 50 mL of acetone 90% (v/v).
The extract was centrifuged at 3500 xg. The
optical densities were measured at different
wavelengths, i.e., 663 nm for chlorophyll ‘a’, 645
nm for chlorophyll ‘b’ and 470 nm for carotenoids.
Calculating the concentrations was according to
the following formulas (Baroud et al,, 2021):

Chlorophyll “a” (Chl “a”)(mg g~! Fresh Matter) =

(11.75 x DO663 — 2.35 X DO645)x 50
500

Chlorophyll “b” (Chl “b”")(mg g™t FM) =
(18.61 X D0645 — 3.96 X D0663)X 50
500

Carotenoids (mg g"(—1) FM) =
(1000 x D0470)— (2.27 x Chl“a”)— ((81.4 X Chl“b"))
( 227 x5
500

0

Mineral nutrients

Total N was estimated using the Kjeldahl method
(Bremner and Mulvaney, 1982). Total K was
measured by flame atomic absorption
spectrometry (Z-5300, Polarized Zeeman Atomic
Absorption Spectrophotometer) (Sparks et al.,
1996). The concentration of Ca, Mg, Na, Fe, Mn, Zn,
Cu, and B were measured by flame atomic
absorption spectroscopy (Alghobar and Suresha,
2017).

Ascorbic acid

The measurement of ascorbic acid content in
fresh tomato samples was performed by titration,
according to the 2, 6-dichloroindophenol (DCIP)
method, and reported as mg ascorbic acid per 100
mL.

Total acids

Total acid contents were measured by dilution
with 10 mL of tomato juice titrated with 0.1 NaOH
up to pH 8.1. Citric acid was used for indicating
the total acids.

Total soluble solids (TSS)
TSS of the juice samples were estimated by a
digital refractometer at 20 °C and expressed
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as °Brix.

Statistical analysis

SAS was employed to analyze data statistically
(Version 9.1, SAS Institute Inc., Cary, NC). The
hypothesis of homogeneity in variance was tested
before data analysis. Duncan’s multiple-range test
was utilized to compare significant differences
(p<0.05).

Results
Our results showed that N and K application
significantly affected mineral nutrient

concentration. The increased supply of N and K
concentrations did not influence the
accumulation of all nutrients (except for Cu
nutrient) in fruits (Fig. 1A-I). The highest N
content in leaves (4.26%) was observed in plants
grown with N180 + K370 ppm at the vegetative
stage, and with N150 + K270 ppm at the
reproductive stage (Fig. 1A).

The Ca content in tomato leaves and fruits (Fig.
2B) showed that the Ca concentration in the
leaves decreased by up to 31% when using N180
+ K370 ppm at the vegetative stage, and N150 +
K270 ppm at the reproductive stage. There was no
significant difference between T3 and T4
regarding Ca content in the leaves (Fig. 2B). The
Mg concentration decreased with increasing N
and K (N180 + K370) at the vegetative stage and
N150 + K270 ppm at the reproductive stage.
Then, it improved with increasing N and K levels
(Fig. 2C). Tomato leaves exhibited a decrease in
Na concentration while the N and P levels
increased. The highest Na concentration in the
leaves appeared in plants grown with T1 and T2

(Fig. 2D).
Increasing the concentrations of N and K in
treatment  applications affected the Fe

concentration in tomato leaves and fruits (Fig.
1E). There was a higher concentration of Fe in the
leaves of plants treated with T2 and T4
treatments (Fig. 1E). A high level of N and K
supply decreased the Fe concentration in tomato
leaves. Our results suggest that N and K
application significantly affected Mn and Zn
contents in tomato leaves (Fig. 1F, G). Mn and Zn
contents decreased with increasing N and K
levels.

Plants treated with N160 + K350 ppm and N130
+ K250 ppm at the reproductive stage showed the
highest Mn and Zn concentrations. In contrast, by
increasing the N and K supply up to N170 + K360
ppm at the vegetative stage and N140 + K260
ppm at the reproductive stage (T2), an increase
occurred in Cu concentration by 10%, 12% and
13.6% in the fruits of plants treated with T1, T3,
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and T4, respectively. Significant differences in the of N and K nutrients. Significantly higher amounts
accumulation of Cu in fruits appeared between of Boccurred in tomato leaves grown in T2 and T3
treatment T2 and the rest of the treatments (Fig. (Fig. 1I). A lower B content (90.25 mg kg1)
1H). B concentration in the leaves of tomatoes occurred in response to T4.

was significantly affected by increasing the supply
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Fig. 1. Effects of increasing N and K application on (A) N, (B) Ca, (C) Mg, (D) Na, (E) Fe, (F) Mn, (G) Zn, (H) Cu, and (I)
B in tomato leaves and fruits. Data were mean values of triplicates and bars represent standard errors. T1: vegetative
stage, N160 + K350 ppm; reproductive stage, N130 + K250 ppm; T2: vegetative stage, N170 + K360 ppm;
reproductive stage, N140 + K260 ppm; T3: vegetative stage, N180 + K370 ppm; reproductive stage, N150 + K270
ppm; T4: vegetative stage (N190 + K380 ppm), reproductive stage (N160 + K280 ppm).
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Fig. 2. Effects of increasing N and K application on the (A) Ascorbic acid, (B) Total acid, (C) Total soluble solids, (D)
Fruit chlorophyll, and (E) Lycopene in fruits of tomato. Values were the means of three replicates and bars represent
the standard errors. T1: vegetative stage, N160 + K350 ppm; reproductive stage, N130 + K250 ppm; T2: vegetative

stage, N170 + K360 ppm; reproductive stage, N140 + K260 ppm; T3: vegetative stage (N180 + K370 ppm),
reproductive stage (N150 + K270 ppm); T4: vegetative stage (N190 + K380 ppm), reproductive stage (N160 + K280

The current findings demonstrated that higher N
and K in the nutrient solution caused differences
in fruit ascorbic acid, total acids, total soluble
solids, chlorophyll, and lycopene contents (Fig. 2).
Increasing the N and K levels negatively affected
fruit ascorbic acid and treatment T4 resulted in
the lowest ascorbic acid concentration (0.22 mg
mL1). However, no differences were in the
ascorbic acid contents of plants treated with T1,
T2, or T3 (Fig. 2A).

The application of different levels of K and N
differently impacted the total acids. The
application of N170 + K360 ppm at the vegetative
stage and N140 + K260 ppm at the reproductive
stage (T2) caused an increase in total acids.
However, the values of total acids did not differ
significantly between T2 and T3 (Fig. 2B).

ppm).

527

Higher N and K supplies significantly improved
fruit soluble solids (Brix) and chlorophyll
accumulation in tomatoes (Fig. 2C, D). Plants
treated with N190 + K380 ppm and N160 + K280
ppm at the reproductive stage achieved the
highest concentration of soluble solids (Brix) and
chlorophyll. Therefore, this treatment was the
most effective in improving TSS and chlorophyll
content in tomato fruits (Fig. 2C, D). Figure 2E
shows that lycopene content was maximum in
fruits of plants in the T1 and T2 treatment groups.
Treatment T3 caused the lowest concentration of
lycopene in comparison to other treatments.

Stem diameter and fruit production varied in
response to nutrient solution concentration (Fig.
3). At the vegetative stage, increasing N and K
concentrations significantly increased stem
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diameter, which became more pronounced in
response to T3 (Fig. 3A).

Stem diameter at the reproductive stages
increased in response to higher N and K supplies.
No differences in fruit production occurred
between T3 and T4 (Fig. 3B). Variations in fruit

ab

Stem diameter at vegetative stage

—_—
-

-=a

T1 T2 T3

=)
=

Total fruit yield (kg/plant)

-

Stem diameter at reproductive stage (cm)

yield depended on the applied treatment. Total
fruit yield was significantly higher at T2 than in
response to other treatments. However, a similar
statistical level occurred in the case of treatments
other than T2 (Fig. 3C).

T1 T2 T3 T4

a
| b b
12 4
11 4
10 4 T T
T1 T2 T3

Treatment

T4

Fig. 3. Effects of increasing N and K application on the (A) Stem diameter at the vegetative stage, (B) stem diameter at
the reproductive stage, and (C) Total fruit yield in tomato. Values were the means of three replicates and bars
represent the standard errors. T1: vegetative stage, N160 + K350 ppm; reproductive stage, N130 + K250 ppm; T2:
vegetative stage, N170 + K360 ppm; reproductive stage, N140 + K260 ppm; T3: vegetative stage, N180 + K370 ppm;
reproductive stage, N150 + K270 ppm; T4: vegetative stage, N190 + K380 ppm; reproductive stage, N160 + K280

Discussion

The results showed that mineral nutrients, fruit
quality, and growth traits of tomatoes were
significantly affected by increasing N and K levels.
The concentration of N and Fe in leaves increased
in response to increasing N and K concentrations
(N180 + K370 ppm at the vegetative stage and
N150 + K270 ppm at the reproductive stage).
These results confirmed that a combined supply
of essential elements, such as N and K, at
appropriate times during the growth season can
impact the internal solubility of nutrients directly
or indirectly. The increase in N and Fe contents of
tomato leaves by increasing N and K is consistent
with changes in the vegetative parts of grapes
observed by Karimi (2017).

Higher doses of N and K led to a decrease in Ca in
leaf content. Since excess K reduces Ca mobility,
increasing the K supply may also reduce the
economic benefit (Liu et al., 2019). Magnesium is
central to chlorophyll structure and participates
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in many physiological processes, such as energy
metabolism, pigment synthesis, and
photosynthetic carbon fixation (Alharthiet al,
2021). Lower concentrations of N and K (N160 +
K350 ppm at the vegetative stage and N130 +
K250 ppm at the reproductive stage) improved
the Mg content in tomato leaves. According to
Grzebisz (2013), higher Mg2+ content in the soil
solution at low N rates promotes N uptake and
boosts sugar beet growth at an early stage.

A general trend in decreasing Na, Mn, and Zn
contents in leaf samples occurred with increasing
N and K concentrations in the nutrient solution
(Fig. 1D, F, G). Higher N and K doses suppressed
the uptake of Cu and B in leaves (Fig. 1H, I).
Increasing N and K decreased the Na* uptake (Fig.
1D) due to the higher availability of N. As a result,
N and K applications improved the ability of
plants to resist or avoid Na* uptake (Ashraf et al,,
2008). Mn supports several biochemical activities
while being immobile. This nutrient only moves
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through the xylem towards the leaves. Once there,
its transfer is restricted in the plant (Paskovi¢ et
al, 2021). In our experiment, leaf tissues
accumulated a higher level of Mn than fruits (Fig.
1F). The increased supply of N and K
concentrations did not influence the
accumulation of all nutrients (except for Cu
nutrient) in fruits (Fig. 1A-I). T2 most
significantly benefited the Cu concentration in
tomatoes, thus leading to high nutritional quality.
Tomatoes are rich in ascorbic acid (ascorbic acid)
and act as antioxidants in the human body. In this
role, ascorbic acid removes free radicals produced
during nutrient digestion (Chaudharyet al,
2018). Increasing N and K nutrients resulted in
decreased accumulation of ascorbic acid in
tomato fruits (Fig. 2A). Similarly, Stefanelli et al.
(2010) indicated that increased N feeding
improved vegetative growth and led to larger
fruits, suggesting that the reduction in ascorbic
acid may be partly due to a dilution effect. In
contrast, Afzal et al. (2015) found that ascorbic
acid contents can be improved significantly via
potassium nutrition at high levels.

Total acids and soluble solids are the main
components that constitute flavor in tomatoes
(Vogel et al, 2010). The present study
demonstrated that appropriate N and K doses
could increase the total acids. The highest
concentration of N and K decreased the total acids
in fruits (Fig. 2B). Previous studies indicated that
an increased K application to the plant raised the
total acid content in fruits (Alvaet al, 2006).
Furthermore, the total acid in fruits declined as
the potassium supply increased (Kumar and
Kumar, 2007).

Total soluble solids can be a primary tomato fruit
quality index, the general term employed to
explain the soluble solids in tomato fruit pulp,
comprising about 65% sugar, 13% organic acids,
and 12% other minor components (Chen et al,,
2014). TSS content was significantly higher in
response to higher amounts of K and N in the
nutrient solution. El-Nemr et al. (2012) revealed
that increasing the K concentrations in the
nutrient solution increased the TSS significantly.
An excessive N supply can improve plant growth,
broaden shade area, and decrease temperature,
thus inducing acid synthesis (Bénard etal., 2009).
Optimum K application improves plant
photosynthesis and sugar synthesis, thus
increasing soluble solids and organic acids in fruit
photosynthesis and promoting the synthesis of
sugar compounds in plants (Crisosto and Costa,
2008).

In recent years, lycopene has been increasingly
utilized in the food industry and pharmaceuticals
and is beneficial to human health. (Grabowska et
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al,, 2019). Our results suggested that increasing
the N and K supply led to higher levels of lycopene
and chlorophyll contents in tomato fruits (Fig. 1),
which agrees with the findings of Wang et al.
(2015) in that increasing the N fertilizer supply
improved the lycopene content in fruit tomatoes.
K nutrient may play a unique role in the synthesis
of lycopene. This element can affect lycopene
synthesis through increased enzymatic activity in
carbohydrate  metabolism, preparing the
necessary substrates for terpenoid synthesis
(Serio et al, 2007). Accordingly, appropriate
levels of N and K are essential for tomato
production, with adequate concentrations of
other nutrients to produce fruits of commercial
quality.

In the present study, high N and K concentrations
provided the most favorable environment for
stem diameter growth at the reproductive stage.
Tomato fruit yield significantly improved with
increasing N and K (N170 + K360 ppm at the
vegetative stage and N140 + K260 ppm at the
reproductive stage) because an increase in N
content improved the physiological growth of the
plant and enhanced its uptake of nutrients and
water (Drenovsky et al,, 2012). Guler and Guzel
(1999) investigated fruit yield improvements
with increasing levels of N and K, observing that
the highest K supply (300 to 450 mg L-1) reduced
productivity. Increased K concentration in the
nutrient solution can distort the nutritional
balance of the plant by competing with other
nutrients such as Mg and Ca or by increasing the
salinity of the medium (Sainju et al., 2003), thus
causing nutrient loss by leaching and prompting
reductions in plant yield.

Conclusion

Our study suggested that increasing N and K
supply significantly improved total soluble solids
content and caused chlorophyll accumulation in
tomato fruits. As a result, N and K applications
improved fruit quality to some degree. Nutrient
concentrations were significantly affected by
increasing levels of N and K application. Na, Mn,
Ca, and Zn contents decreased in the leaves with
the excessive supply of N and K. However, nutrient
concentrations in fruits were unaffected by an
increased supply of N and K (except for Cu
nutrient). T2 was most beneficial in increasing
total fruit yield. The best treatment in the present
study was N170 + K360 ppm at the vegetative
stage and N140 + K260 ppm at the reproductive
stage.

Acknowledgments

The authors thank Jahrom Islamic Azad



Alahtavakkoli et al.,

Int. J. Hort. Sci. Technol. 2024 11 (4): 523-532

University Branch for providing laboratory space
and other facilities to conduct the current study.

Conflict of Interest
The authors indicate no conflict of interest in this
work.

References

Afzal 1, Hussain B, Basra SMA, Ullah SH, Shakeel Q,
Kamran M. 2015. Foliar application of potassium
improves fruit quality and yield of tomato plants. Acta
Scientiarum Polonorum Hortorum Cultus 14, 3-13.

Ahmad N, Sarfraz M, Farooq U, Arfan-ul-Haq M,
Mushtaq MZ, Ali MA. 2015. Effect of potassium and its
time of application on yield and quality of tomato.
International Journal of Scientific Research and
Publications 5, 1-4.

Alghobar MA, Suresh, S, 2017. Evaluation of metal
accumulation in soil and tomatoes irrigated with
sewage water from Mysore city, Karnataka, India.
Journal of the Saudi Society of Agricultural Sciences
16(1), 49-59.

Alharthi AS, Abd-ElGawad AM, Assaeed AM. 2021.
Influence of the invasive shrub Nicotiana glauca
Graham on the plant seed bank in various locations in
Taif region, western of Saudi Arabia. Saudi Journal of
Biological Sciences 28, 360-370.

Almeselmani M, Pant R, Singh B. 2009. Potassium level
and physiological response and fruit quality in
hydroponically grown tomato. International Journal of
Vegetable Science 16, 85-99.

Alva AK, Mattos JD, Paramasivam S, Patil B, Dou H,
Sajwan KS. 2006. Potassium management for
optimizing citrus production and quality. International
Journal of Fruit Science 6, 3-43.

Ashraf MY, Hussain F, Akhter ], Gul A, Ross M, Ebert G.
2008. Effect of different sources and rates of nitrogen
and supra optimal level of potassium fertilization on
growth, yield and nutrient uptake by sugarcane grown
under saline conditions. Pakistan Journal of Botany 40,
1521-1531.

Baroud S, Tahrouch S, El Mehrach K, Sadki I, Fahmi F,
Hatimi A. 2021. Effect of brown algae on germination,
growth and biochemical composition of tomato leaves
(Solanum lycopersicum).Journal of the Saudi Society of
Agricultural Sciences 20(5), 337-343.

Bénard C, Gautier H, Bourgaud F, Grasselly D, Navez B,
Caris-Veyrat C, Weiss M, Génard M. 2009. Effects of low
nitrogen supply on tomato (Solanum lycopersicum)
fruit yield and quality with special emphasis on sugars,
acids, ascorbate, carotenoids, and phenolic compounds.
Journal of Agricultural and Food Chemistry 57, 4112-
4123.

Bidari B, Hebsur N. 2011. Potassium in relation to yield
and quality of selected vegetable crops. Karnataka
Journal of Agricultural Science 24(1), 55-59.

Bremner ]M, Mulvaney C. 1982. Nitrogen-Total.

530

Methods of soil analysis. Part 2. Chemical and
Microbiological Properties 595-624.

Caretto S, Parente A, Serio F, Santamaria P. 2008.
Influence of potassium and genotype on vitamin E
content and reducing sugar of tomato fruits.
HortScience 43, 2048-2051.

Casals ], Rull A, Bernal M, Gonzalez R, del Castillo RR,
Simé J. 2018. Impact of grafting on sensory profile of
tomato landraces in conventional and organic
management systems. Horticulture, Environment, and
Biotechnology 59, 597-606.

Chaudhary P, Sharma A, Singh B, Nagpal AK. 2018.
Bioactivities of phytochemicals present in tomato.
Journal of Food Science and Technology 55, 2833-2849.

Chen ], Kang S, Du T, Guo P, Qiu R, Chen R, Gu F. 2014.
Modeling relations of tomato yield and fruit quality
with water deficit at different growth stages under
greenhouse condition. Agricultural Water Management
146,131-148.

Constan-Aguilar C, Leyva R, Romero L, Soriano T, Blasco
B, Ruiz JM. 2015. The effect of potassium
biofortification over yield and nutritional quality of
cherry tomato fruits. American Journal of Food Science
and Technology 3, 67-93.

Crisosto C, Costa G. 2008. Preharvest Factors Affecting
Peach Quality. CABI Book Chapter, 20, 536.

D’Angelo M, Zanor MI, Burgos E, Asprelli PD, Boggio SB,
Carrari F, Peralta IE, Valle EM. 2019. Fruit metabolic and
transcriptional programs differentiate among Andean
tomato (Solanum lycopersicum L.) accessions. Planta
250, 1927-1940.

Daoud B, Pawelzik E, Naumann M. 2020. Different
potassium fertilization levels influence water-use
efficiency, yield, and fruit quality attributes of cocktail
tomato--A comparative study of deficient-to-excessive
supply. Scientia Horticulturae 272, 109562.

Dehnavard S, Souri MK, Mardanlu S. 2017. Tomato
growth responses to foliar application of ammonium
sulfate in hydroponic culture. Journal of Plant Nutrition
40, 315-323.

Drenovsky RE, Khasanova A, James JJ. 2012. Trait
convergence and plasticity among native and invasive
species in resource-poor environments. American
Journal of Botany 99, 629-639.

El-Nemr M, El-Baky M, Salman S, El-Tohamy W. 2012.
Effect of different potassium levels on the growth, yield
and quality of tomato grown in sand-ponic culture.
Australian Journal of Basic and Applied Sciences 6,
779-784.

Anonymous. 2020. Factfish World Statistics and Data
Research.  Available online:  www.factfish.com
(Accessed on 20 March 2020).

Grabowska M, Wawrzyniak D, Rolle K, Chomczynski P,
Oziewicz S, Jurga S, Barciszewski J. 2019. Let food be
your medicine: nutraceutical properties of lycopene.
Food Function 10, 3090-3102.


https://czasopisma.up.lublin.pl/index.php/asphc
https://czasopisma.up.lublin.pl/index.php/asphc
https://www.springer.com/journal/13197

Alahtavakkoli et al.,

Int. J. Hort. Sci. Technol. 2024 11 (4): 523-532

Grzebisz W. 2013. Crop response to magnesium
fertilization as affected by nitrogen supply. Plant and
Soil 368, 23-39.

Guler S, Guzel N. 1999. Effect of varying level of
nitrogen and potassium concentration in the nutrient
solution on the yield and leaf composition of drip-
fertigated tomatoes. Proceedings of the International
Workshop on Ecological Aspects of Vegetable
Fertilization in Integrated Crop Production in the Field,
Wellesbourne, Warwick, UK, 27-31 July 1998.

Hui Y, Hongxia C, Xinmei H, Lijie G, Hongzheng L, Xuanyi
W. 2017. Evaluation of tomato fruit quality response to
water and nitrogen management under alternate
partial root-zone irrigation. International Journal of
Agricultural and Biological Engineering 10, 85-94.

Karimi R. 2017. Potassium-induced freezing tolerance
is associated with endogenous abscisic acid,
polyamines and soluble sugars changes in grapevine.
Scientia Horticulturae 215, 184-194.

Kaur H, Bedi S, Sethi V, Dhatt A. 2018. Effects of
substrate hydroponic systems and different N and K
ratios on yield and quality of tomato fruit. Journal of
Plant Nutrition 41, 1547-1554.

Khan AA, Sajid M, Rab A, Amin N, Igbal A, Shah F, Islam
B, Ali F, Ali W. 2017. Effect of mixture of nitrogen from
poultry manure and urea on mineral profile of tomato
grown in KPK-Pakistan. Communications in Soil
Science and Plant Analysis 48, 1486-1493.

Kumar AR, Kumar N. 2007. Sulfate of potash foliar spray
effects on yield, quality, and postharvest life of banana.
Better Crops 91, 22-24.

Lee S, Lee J. 2015. Beneficial bacteria and fungi in
hydroponic systems: types and characteristics of
hydroponic food production methods. Scientia
Horticulturae 195, 206-215.

Liu ], Hu T, Feng P, Wang L, Yang S. 2019. Tomato yield
and water use efficiency change with various soil
moisture and potassium levels during different growth
stages. PLoS One 14, e0213643.

Maathuis FJ]. 2009. Physiological functions of mineral
macronutrients. Current Opinion in Plant Biology 12,
250-258.

Paskovi¢ I, Soldo B, Ban SG, Radi¢ T, Luki¢ M, Urli¢ B,
Mimica M, Bubola KB, Colla G, Rouphael Y. 2021. Fruit
quality and volatile compound composition of
processing tomato as affected by fertilisation practices
and arbuscular mycorrhizal fungi application. Food
Chemistry 359, 129961.

Saghaiesh SP, Souri MK. 2018. Root growth
characteristics of Khatouni melon seedlings as affected
by potassium nutrition. Acta Scientiarum Polonorum
Hortorum Cultus 17, 191-198.

Sainju UM, Dris R, Singh B. 2003. Mineral nutrition of
tomato. Food, Agriculture and Environment 1,176-183.

Serio F, Leo ], Parente A, Santamaria P. 2007. Potassium
nutrition increases the lycopene content of tomato
fruit. The Journal of Horticultural Science and

531

Biotechnology 82, 941-945.

Soares I, de Souza VS, Cris6stomo LA, Silva LA. 2005.
Volume effect of nutritive solution on the production
and nutrition of cherry tomato plants cultivated in
substrate. Revista Ciencia Agronomica 36, 152-158.

Souri MK, Hatamian M. 2019. Aminochelates in plant
nutrition: a review. Journal of Plant Nutrition 42 (1),
67-78.

Souri MK, Sooraki FY, Moghadamyar M. 2017. Growth
and quality of cucumber, tomato, and green bean under
foliar and soil applications of an aminochelate fertilizer.
Horticulture, Environment, Biotechnology 58(6), 530-
536.

Sparks DL, Helmke P, Page A. 1996. Methods of soil
analysis: chemical methods. SSSA.

Stefanelli D, Goodwin [, Jones R. 2010. Minimal nitrogen
and water use in horticulture: effects on quality and
content of selected nutrients. Food Research
International 43, 1833-1843.

Tohidloo G, Souri MK, Eskandarpour S. 2018. Growth
and fruit biochemical characteristics of three
strawberry genotypes under different potassium
concentrations of nutrient solution. Open Agriculture 3,
356-362.

Vogel ]JT, Tieman DM, Sims CA, Odabasi AZ, Clark DG,
Klee HJ. 2010. Carotenoid content impacts flavor
acceptability in tomato (Solanum Ilycopersicum).
Journal of the Science of Food and Agriculture 90, 2233-
2240.

Wang C, GuF, Chen], Yang H, Jiang ], Du T, Zhang J. 2015.
Assessing the response of yield and comprehensive
fruit quality of tomato grown in greenhouse to deficit
irrigation and nitrogen application strategies.
Agricultural Water Management 161, 9-19.

Youssef M, Eissa M. 2017. Comparison between organic
and inorganic nutrition for tomato. Journal of Plant
Nutrition 40, 1900-1907.

Zarei M], Kazemi N, Marzban A. 2019. Life cycle
environmental impacts of cucumber and tomato
production in open-field and greenhouse. Journal of the
Saudi Society of Agricultural Sciences 18(3), 249-255.



