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Abstract: Potassium is an essential element for plant growth, particularly in tomato cultivation,
where optimum K levels are essential for achieving high yields and enhancing fruit quality. In this
study, we investigate the effect of varying potassium nitrate (KNO;) concentrations on decreasing
potassium levels in two cherry tomato varieties, ‘Tabtim Deang T2021" (red) and ‘Sweet Boy 1’ (yel-
low), grown under deep flow technique. The target was to provide low K foods for chronic kidney
disease patients. The plants were subjected to KNOs; concentrations of 3.0, 1.5, 0.75, 0.50, and 0.37
mM. The findings revealed that a KNO; concentration of 1.5 mM was sufficient to support normal
plant growth and maintain optimal fruit quality, including pH (4.15+0.07 to 4.34+0.06), total soluble
solids (4.18+0.02 to 7.19+0.23 %Brix), and the citric acid (6.09+0.48 to 7.74+ 0.48 g/gFW) and ascorbic
acid contents (0.30+0.02 to 0.46+0.02 mg/gFW), in both cherry tomato varieties. Additionally, a reduc-
tion in KNO; concentration did not significantly impact the antioxidant activities of the tomato fruits,
as measured using 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) and ferric ion reducing antioxidant
power (FRAP) assays. Furthermore, low-K fertilization resulted in minimal changes to the physical,
chemical, and biological characteristics of the cherry tomatoes. We conclude that decreasing the K
concentration in nutrient solutions has a limited effect on the overall quality of cherry tomatoes.

Keywords: potassium; nutrient management; cherry tomatoes; quality of fruit; hydroponic growing

1. Introduction

Tomato (Solanum lycopersicum L.) is one of the most important fruits for humans. It is a source of
nutrients such as phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and iron (Fe) [1]
and secondary metabolites including vitamin C [2], vitamin K1 [3], and vitamin B9 [4]. Moreover,
tomatoes contain a high amount of lycopene [5], a potential antioxidant with anticarcinogenic prop-
erties [6]. Fresh tomatoes have a relatively high K content, approximately 290 mg/100 g fresh weight
(FW) [7]. People undergoing dialysis may need to limit their dietary K intake to less than 200 mg of
K per serving or 2,000 mg per day [8-9]. Plant-based foods (fruits and vegetables) vary in their con-
tents of fiber, vitamins, and minerals which help support health in patients with kidney disorder [10].
However, low K foods are necessary for patients who suffer from kidney disease [11] and the role of
biochemical and physiological substances in plant cell metabolism, such as protoplasmic structure
maintenance, pH balance, and plant osmosis [12-15]. K deficiency directly disrupts the biochemical
activities of plants, leading to a reduced growth rate and accelerated leaf senescence, which ulti-
mately results in irreversible wilting [16]. Conversely, excess K application leads to lower K use effi-
ciency [17-18] This excess results in a decrease in fruit quality by increasing the incidence of blossom-
end rot [19]. Tomato plants require a higher level of K compared to other nutrients [20]. K absorption
in tomato plants increases dramatically during the fruit development stage [21-22]. In addition, K
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plays an important role in fruit quality and color [23]. On the contrary, when K uptake is insufficient,
several physiological traits were changed, including the mobilization of K from foliar reserves to
support critical processes of fruit development, resulting in uneven ripening, blotchy ripening, high
levels of internal white tissue, yellow shoulder, decreased lycopene (a pigment responsible for the
red color), irregular shape, and hollow fruit [24-27]. However, the limited amount of K-level man-
agement has a significant effect on the productivity and fruit quality parameters of tomatoes [28]. At
present, an increasing number of researchers in Japan [11,29-37], China [28], South Korea [38], and
Italy [39] have been making notable progress in developing methods for producing low K fruits and
vegetables, which are particularly beneficial for patients with chronic kidney disease (CKD). These
methods aim to address the dietary restrictions of CKD patients, who need to limit their K intake to
prevent hyperkalemia (high K levels in your blood). Several factors have been identified that affect
the K content in plants and the quality of the resulting fruits and vegetables [11,28-37].

In this research, we concentrated on optimizing nutrient solution management within deep flow
technique hydroponic systems, with the specific goal of applying a nutrient solution that maintains
a low potassium nitrate concentration during the growth of cherry tomatoes. The objective was to
ensure normal plant growth, yield, and high fruit quality while reducing K accumulation in the fruits.
The findings of this study suggest that cultivating cherry tomatoes with lower K levels could provide
a viable option for consumers who need to avoid high-K foods, such as patients with CKD. Conduct-
ing a comprehensive nutritional analysis of low K cherry tomatoes is crucial to confirm that they meet
dietary requirements, particularly for patients with CKD, as stated above. This analysis should en-
compass the evaluation of various nutritional components, including phytochemicals such as lyco-
pene and beta-carotene, in addition to the assessment of antioxidant activity (measured using 2,2-
diphenyl-1-picrylhydrazyl radical (DPPH) and ferric ion reducing antioxidant power (FRAP) assays);
phytochemicals and antioxidants are known to contribute to overall health and potentially reduce
inflammation in CKD patients.

2. Materials and Methods
2.1. Plant Materials and Experimental Design

The experiment was conducted in a greenhouse at the Faculty of Agriculture, Khon Kaen Uni-
versity, Thailand (latitude 16°28'31.5"N, longitude 102°49'14.7"E) from 24 November 2020 to 31 March
2021. Two Thai cherry tomato varieties were utilized: Tabtim Deang T2021' (red color) from
KNOWN-YOU SEED Co., Ltd., Chiangmai, Thailand, and 'Sweet Boy 1' (yellow color) from CHIA
TAI Co., Ltd., Bangkok, Thailand. Both varieties are F1 hybrids characterized by a small fruit size,
cylindrical shape, and smooth surface.

Seeds of each variety were germinated on a moist towel and kept in the dark for 2 weeks. After
germination, the seedlings were pre-cultured in a nutrient solution for 20-30 days. The nutrient so-
lution contained the following macronutrients [11], 3.0 x 10* M KNOs, 2.0 x 10°* M Ca(NOs)2 4H:0,
5.0 x 10+ M NH4H2POs, and 1.0 x 10 M MgSO4 7H20 and micronutrients, 2.6 x 105 M CioHi2FeN2NaOs
3H:0 (FeNa-EDTA), 4.6 x 10 M MnClz2 4H:0, 2.4 x 10° M HsBOs, 3.8 x 107 M ZnSO4 7H:0, 1.6 x 107
M CuSOs 5H20, and 1.5 x 10# M (NH4)sMo7O2 4H20. The distilled water was used to prepare the
nutrient solution. All treatments were provided with similar nutrient solutions, except for KNOs
concentration. Thereafter, seedlings with 3-5 leaves were transferred to 45 L plastic containers (length
x width x depth: 54.0 x 39.0 x 28.0 cm) with the same nutrient solution with different KNOs contents
under deep flow technique hydroponic systems with an air pump oxygen (Model: ACO-001, RESUN
Electromagnetic Air pump, Shanghai, China), air pump power: 18W, Voltage: 220/100V, Frequency:
60/50Hz, Pressure: >0.02MPa, and output: 38L/min DIA. The experiment was conducted using a
randomized complete block design with five levels of KNOs concentration treatments were applied:
K1 was the control, which contained 3.0 mM KNOs; K2 was 1.5 mM KNOs, K3 wad 0.75 mM KNOs,
K4 was 0.50 mM KNOs, and K5 was 0.375 mM KNOs. There were four replications, and each container
contained four plants. Eighty cherry tomato plants were planted in total. The plants were
transplanted into each treatment after 31 days of seeding. The study was carried out over 158 days
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under natural sunlight. The air temperature averaged 14.1-35.6°C and relative humidity averaged
86.7-94.8% were recorded daily throughout the experiment from the weather station at Agronomy
Research Station, Faculty of Agriculture, Khon Kaen University, Thailand. The nutrient solution was
replenished every 14 days, with the pH was adjusted at 6.50 + 0.50 using 0.5 N HNO; and the electrical
conductivity (EC) was controlled at 1.05 mS/cm.

2.2. Data Collection
2.2.1. Yield and Physical Quality of Fruits

Tomatoes were harvested at stage 5 more than 90% maturity, indicated by a color change to red
and yellow after 110 days of cultivation. Post harvest, the physical characteristics of the cherry toma-
toes were harvested at sixth truss for samples data analysis, including yield weight of each fruit (sixth
truss) was measured, six fruits from each truss (36 fruits) for the fruits weight of tomato were ran-
domly selected, diameter, and length (36 fruits), were recorded using the utilizing a digital vernier
caliper for each treatment.

2.2.2. Fruit Quality Parameters

Total soluble solids (TSS) were measured with a digital refractometer (Model: MSDR-P2-102,
IMS Euro Ltd. Stockport, England). Titratable acidity (TA) was determined via titration against 0.1 N
NaOH solution and expressed in the form of citric acid (g/gFW).

Ascorbic acid (AA) was determined using 2,4-dinitrophenylhydrazine (DNP) colorimetry. To-
mato juice (0.5 ml) was transferred into a 75 ml test tube, and 0.5 ml of 10% metaphosphoric acid
solution was added following the method of [30]. In brief, the solution contained 1 ml of distilled
water, 1 ml of 0.03% 2,6-dichlorophenol-indophenol (DCP), 2 ml of thiourea, and 1 ml of 2,4-DNP,
which were added to each tube. The samples were maintained at 37°C for 3 hours. Subsequently, the
samples were cooled with ice, and 5 ml of 85% H2SOs was added to end the reaction. The ascorbic
acid content was determined by using a UV-VIS spectrophotometer at 520 nm (Model; Spectro UV-
2550, LABOMED Inc., Los Angeles, United States of America).

Lycopene and beta-carotene were analyzed following the method described by [40]. Briefly, ho-
mogenates of fresh tomato fruits (0.40 g) were prepared in 50 ml centrifuge tubes with 5 ml of a mixed
solution of hexane, acetone, and ethanol in a ratio of 2:1:1 (v/v/v). The mixture was thoroughly mixed
and incubated in the dark for 10 minutes. After incubation, 10 ml of distilled water was added, and
the solution was left to stand for 10 minutes to allow for phase separation and for air bubbles to
dissipate. Lycopene and beta-carotene concentrations were measured using the UV-VIS spectropho-
tometer at wavelengths of 503 nm and 444 nm, respectively.

2.2.3. Mineral Content Analysis

Tomato fruits were dried at 70°C for 72 hours in a hot oven (Models: 30 -1060, UF1060 MEM-
MERT UNIVERSAL OVENS, Memmert, United States of America). The samples were ground and
homogenized into a powder that was used for mineral analysis. The nitrogen content was determined
using the Kjeldahl method [41]. The other nutrients were analyzed using inductively coupled plasma
optical emission spectroscopy (ICP-OES, Model: AVIO 500, PerkinElmer Inc., Massachusetts, United
States of America) after preparing the samples via the dry ashing method. We weighed 0.2500 g of
sample powder into an ashing crucible. We then placed the ashing crucible into the muffle furnace
(Model: 550-126, Fisher Scientific, United States of America), and the ashing procedure proceeded at
550°C for 6 hours. We removed the ashing crucible from the muffle furnace, added 10 ml of 1 N HCl,
and left the crucible for 1 hour. Next, we added 10 ml of deionized (DI) water, and the crucible was
left overnight. The resulting solution was then filtered through Whatman No. 5 filter paper [42].

2.2.4. Determination of Antioxidant Activity

For antioxidant analysis, an aliquot was extracted using the following steps: 1.00 g homogenate
of the dry sample was placed in a 25 ml Erlenmeyer flask, and 5 ml of mixed solution (ethyl acetate—
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ethyl alcohol at a ratio of 2:3 (v/v)) was then added. The sample was incubated at 40°C overnight.
Subsequently, the solution was filtered using filter paper (Whatman No. 1). The extraction process
was repeated twice, and then an aliquot was evaporated until approximately 1 ml of liquid remained.
The obtained sample was maintained at 4°C for further analysis.

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity was determined using
the method described by the authors of [43]. Briefly, 20 ul of an aliquot was added to a well plate and
then 180 ul of DPPH methanolic solution was added to initiate the reaction. After 30 minutes, absorb-
ance was measured at 517 nm using a UV-VIS spectrophotometer (SPECTROstar Nano, BMG LAB-
THEH, Ortenberg, Germany). The standard curves were prepared using different concentrations of
ascorbic acid. The results were expressed as ECso (milligram of sample required to bleach 50% of the
DPPH methanolic solution) through the construction of a kinetic curve for each sample. Analyses
were performed in three replications. Scavenging activity was calculated using the following equa-
tion:

Inhibition (%) = [(Ao - Ae)/(Ao - Abg)] x 100
Ao is the absorbance of the DPPH solution (blank).
Ac is the absorbance of the sample solution.
A is the absorbance of the background.

Total antioxidant potential was determined using a FRAP assay adapted from [44]. The FRAP
reagent was prepared by mixing a solution of acetate buffer (250 mM (pH 3.6)), a solution of 10 mM
TPTZ (2,4,6-trispyridyltriazine), and 20 mM FeCls at a ratio of 10:1:1 (v/v/v). The obtained FRAP rea-
gent (182 uL) was added to each well plate followed by 18 uL of sample solution and then incubated
at 37°C for 30 min. The reactions were measured at OD 593 nm using a UV-VIS spectrophotometer.
The calibration curve was prepared using different concentrations of ascorbic acid. The results were
expressed as mg ascorbic acid equivalent per one-gram dry weight (mg ascorbic acid equivalent/1
gDW). The reducing power was calculated using the following equation:

y=ax+b

y is the absorbance of the test—the absorbance of the blank control (containing all reagents except the
extract solution).

a is the slope of the equation, and x is the ascorbic acid concentration in pg/mL.

b is the intercept.

2.3. Data Analysis

The obtained data were subjected to analysis of variance for assessment of the effects of each
treatment. Experimental data were acquired from three replications. The significance of differences
between means was analyzed by using Tukey’s multiple range test (p < 0.05). The relationships be-
tween the K concentration, fruit yield, quality of fruits, and antioxidant activity were tested as Pear-
son correlations, and the statistical significance of the correlation at p <0.05 was examined. All statis-
tical analyses were computed using SPSS program software version 28.0.1.0 (142).

3. Results
3.1. The Effect of Different K Levels on the Fruit Yield and Physical Qualities of Cherry Tomatoes

Compared to the yield of the control (K1), the “Tabtim Deang T2021 yield was significantly de-
creased in K5 (1.50+0.16 kg/plant); in addition, the ‘Sweet Boy 1’ yield was significantly decreased in
K4 (1.70+0.28 kg/plant) and K5 (1.65+ 0.11 kg/plant). The highest yield was recorded in K2 (2.24+0.39
kg/plant) for “Tabtim Deang T2021’". However, the result was not significantly different from that of
K1. Moreover, the highest yield of ‘Sweet Boy 1" was recorded in K1 (2.42+0.39 kg/plant), followed
by K2 (2.17+0.31 kg/plant) and K3 (1.97+0.44 kg/plant) (Table 1). Similar to the tomato yield, the low-
est significance for fruit weight was observed in K5 (10.02+1.89 g/fruit) for “Tabtim Deang T2021" and
K4 (8.70£1.19 g/fruit) and K5 (8.67+1.10 g/fruit) for ‘Sweet Boy 1". The lowest significance for diameter
was observed in K5 (23.83£1.92 mm) for ‘Tabtim Deang T2021" and K4 (24.72+1.89 mm) and K5


https://doi.org/10.20944/preprints202410.0570.v2

doi:10.20944/preprints202410.0570.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2024

5 of 15

(23.94+1.22 mm) for ‘Sweet Boy 1'. Lastly, the highest fruit weight and diameter were observed in
K1—the same as for fruit yield. However, there was no significant difference in height under the
KNO:s restricted treatments compared to K1 for both varieties.

3.2. Nutrient Status
3.2.1. Macronutrients

Compared to the control (K1), the concentrations of N, P, and Mg did not significantly differ
across the K treatments for both varieties (Figure 1A,B,E). However, the P concentration gradually
increased from K1 to K5 in 'Tabtim Deang T2021'. K concentration significantly decreased by lower-
ing the K concentration in the nutrient solution (Figure 1C). Additionally, the Ca concentration grad-
ually increased in 'Tabtim Deang T2021', excluding K5, where it decreased to 2.85+0.14 g/kgDW. In
contrast, the Ca concentration in 'Sweet Boy 1' significantly increased, with the highest value ob-
served in K4 (2.86+0.30 g/kgDW) (Figure 1D). Compared to that in K1, the sulfur (S) concentration of
'Sweet Boy 1' also showed significant differences, with a marked decrease in the S concentration as
the KNO; content in the nutrient solution increased. The lowest value was observed in K5 (0.84+0.002
g/kgDW) (Figure 1F).

3.2.2. Micronutrients

The micronutrient concentrations of “Tabtim Deang T2021" and ‘Sweet Boy 1" are presented in
Figure 2. The concentrations of Fe (Figure 2G) in “Tabtim Deang T2021" were significantly different
from those in the control, with the Fe concentration being significantly higher under the K2 treatment
(103.6+4.7 mg/kgDW) compared to the K1 treatment. However, the Fe concentration under the K5
treatment (85.2+5.8 mg/kgDW) was significantly lower than that in K1. In contrast, there were no
significant differences in Fe concentrations between K1 and the other treatments for the ‘Sweet Boy
1’ variety. The Zn concentrations in ‘Sweet Boy 1’ were significantly higher under the K2 (15.7+0.6
mg/kgDW), K3 (19.1£1.6 mg/kgDW), K4 (18.9+1.7 mg/kgDW), and K5 (19.7+1.2 mg/kgDW) treat-
ments compared to K1 (14.7+ 2.4 mg/kgDW). The significantly highest Zn concentrations were rec-
orded under K3 and K5. However, no significant differences in Zn concentration were observed in
‘Tabtim Deang T2021" (Figure 2J). Furthermore, the Mn concentration ranging from 11.0+0.9 to
25.6+2.7 mg/kgDW (Figure 2H) and Cu concentration ranging from 4.1+0.7 to 4.8+0.6 mg/kgDW
showed no significant differences under the K2, K3, K4, and K5 treatments compared to K1 for both
varieties (Figure 2I). Additionally, the B concentration in the fruit gradually increased with the re-
duction of K in nutrient solution, with the highest significant were observed in the K3 treatment
(19.4+1.4 mg/kgDW) of ‘Tabtim Deang T2021’, and the K2 (23.1+1.9 mg/kgDW) and K3 (22.9+0.7
mg/kgDW) in ‘Sweet Boy 1’ (Figure 2K).

Table 1. The yield, fruit weight, and fruit size of cherry tomatoes upon harvest as affected by potassium nitrate-
restricted treatment.

Yield Fruit weight Fruit size (mm)
Varieties Treatment
(kg/plant) (g/fruit) Diameter Height
Tabtim deang T2021 K1 2.18+0.27 a 10.70+1.36ab 24.01+1.74ab 32.75+2.02
K2 224 +0.39 a 11.55+1.24 a 2494 +121ab 33.48+1.56
K3 190+0.18ab 11.31x1.62a 25.20+0.89 a 33.44 +3.32
K4 1.85+0.29ab 1055+1.26ab 24.24+121ab 32.66+1.81
K5 150+0.16b 10.02+1.89b 23.83+1.92b  32.08+2.62
F_test b KK *% NS
CV (%) 15.32 5.66 2.23 1.79
Sweet boy 1 K1 242 +0.39 a 10.44 +1.04 a 25.93+227 a 30.27 £2.47
K2 217+031ab 10.00+1.24 a 25.08+1.08ab 29.42+1.26
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K3 197+044ab 971+133ab 2554:1.12a 29.58+1.24
K4 1.70+028b 870+1.19b  2472+1.89b  30.05+1.98
K5 1.65+0.11b 867+1.10b  2394+122b 2778 +1.38
Fotest . ” NS
CV (%) 16.42 7.4 2.73 3.39

Data are the mean + standard deviation. Means in columns with different lowercase letters are significantly
different according to the results of Tukey’s multiple comparisons test (p <0.05). NS: not significant; ** significant
at p < 0.01; *** significant at p < 0.001. K1 treatment is the control solution of 3.0 mM KNOs, K2 treatment is 1.5
mM KNO:s, K3 treatment is 0.75 mM KNOs, K4 treatment is 0.50 mM KNOs, and K5 treatment is 0.375 mM KNO:s.
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Figure 1. Changes in the ion concentrations of nitrogen (A), phosphorus (B), potassium (C), calcium (D), mag-
nesium (E), and sulfur (F) in cherry tomatoes upon harvest (expressed on a dry-weight basis) under KNO:s-
reduced nutrient solution. NS: not significant, **, ***. Different letters indicate significance according to the re-
sults of Tukey’s multiple comparisons test (p <0.01 and p <0.001). The error bars represent the standard deviation

of the mean. K1 treatment is the control solution of 3.0 mM KNQOs3, K2 treatment is 1.5 mM KNOs, K3 treatment

is 0.75 mM KNO:s, K4 treatment is 0.50 mM KNOs, and K5 treatment is 0.375 mM KNOs.
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Figure 2. Change in the ion concentrations of iron (G), manganese (H), copper (I), zinc (J), and boron (K) (dry-
weight basis) of cherry tomatoes upon harvest under KNOs-reduced nutrient solution. NS: not significant, *, **,
***_Different letters indicate significance according to the results of Tukey’s multiple comparisons test (p < 0.05,
p <0.01, and p < 0.001). The error bars represent the standard deviation of the mean. K1 treatment is the control
solution of 3.0 mM KNOs, K2 treatment is 1.5 mM KNOs, K3 treatment is 0.75 mM KNOs, K4 treatment is 0.50
mM KNOs, and K5 treatment is 0.375 mM KNO:s.

3.3. Biological Properties and Antioxidant Activity

The biological properties of the tomatoes are presented in Table 2. The results indicate that the
pH values of the tomato juice, as well as the citric acid and ascorbic acid contents, slightly decreased
with KNOs treatment in ‘Tabtim Deang T2021°. Moreover, total soluble solids (TSS) significantly
decreased in K3 (4.43+0.12 %Brix), K5 (4.29+0.44 %Brix), and K4 (4.18+0.02 %Brix), but not K2
(5.31+0.28 %Brix), where no significant difference was observed between K1 and K2. The pH, TSS,
and citric acid and ascorbic acid contents in ‘Sweet Boy 1’ differed from those in ‘Tabtim Deang
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T2021°, showing significant decreases with KNO; treatment. The lowest significant values for pH
(4.15£0.07), TSS (5.99+0.32 %Brix), citric acid (6.11+0.26 g/gFW), and ascorbic acid (0.42+0.01
mg/gFW) were observed in K5. Additionally, the ascorbic acid content K2 (0.45+0.02 mg/gFW)
showed no significant difference compared to that in K1.

The beta-carotene content in “Tabtim Deang T2021” and ‘Sweet Boy 1’ showed a non-statistically
significant difference in K1. The beta-carotene content decreased slightly with KNO; treatment in
both varieties, ranging from 17.90+2.15 to 18.69+2.39 ug/gFW in ‘Tabtim Deang T2021" and from
7.71+1.45 to 9.09+2.15 pg/gFW in ‘Sweet Boy 1'. The lycopene content in ‘Tabtim Deang T2021” grad-
ually decreased with KNO; treatment; however, no significant differences were observed compared
to K1, with the lycopene content ranging from 36.00+2.67 to 43.05+6.04 pg/gFW. This value was
slightly lower than the typical range for cherry tomatoes, which contain between ranges of 48.9 to
116.7 ug of lycopene per gram of fresh weight [45]. In contrast, the lycopene content could not be
determined in ‘Sweet Boy 1’, as only red tomatoes contain the lycopene pigment.

Table 2. The quality of fruit parameters of cherry tomatoes upon harvest as affected by KNOs-reduced treatment.

pH TSS Citric acid Ascorbic acid Lycopene  Beta-carotene
Treatment
(%Brix) (g/gFW) (mg/gFW) (pg/gFW)  (ug/gfW)

K1 4.27 £ 0.09 553+0.07a 6.56+0.55 0.32+0.02 43.05+6.04 18.08+2.53
§ K2 4.22+0.10 531+028a 6.33+0.74 0.31+0.02 4190+5.00 1790+2.15
%lo K3 4.17 £ 0.09 443+012b 6.46+0.60 0.31+0.02 41.87+£8.26 18.69+2.39
§ K4 4.28 +0.12 418+0.02b 6.36+0.50 0.30+0.02 38.78+5.91 18.03 +2.66
E K5 4.18+0.16 429+044b 6.09+0.48 0.31+0.03 36.00+2.67 17.92+231
-‘F‘S F-test NS ok NS NS NS NS

CV (%) 118 13.13 2.79 1.45 8.09 1.88

K1 434+0.06a 719x023a 774x048a 046x0.02a 9.09+2.15

K2 426+0.05ab 6.17+0.38b 7.21+054ab 0.45+0.02a -*—?'j 8.67 +1.66
% K3 421+0.07b 6.01+£058b 7.01+033b  0.45+0.02ab .i'_j 8.58 +1.67
:; K4 417+0.09b 6.00+0.61b 6.55+0.33bc 0.44+0.02 ab é 8.13+1.54
E K5 415+0.07b 599+0.32b 6.11+026c 042+0.01b 7.71 £1.45

F-test  *** - - - NS

CV (%) 177 8.28 9.02 3.34 7.41

Data are the mean + standard deviation. Means in a column with different lowercase letters are significantly
different according to the results of Tukey’s multiple comparisons test (p < 0.05). NS: not significant, ***. Signifi-
cant at p < 0.001. K1 treatment is the control solution of 3.0 mM KNOs, K2 treatment is 1.5 mM KNOs, K3 treat-
ment is 0.75 mM KNO;s, K4 treatment is 0.50 mM KNQOs, and K5 treatment is 0.375 mM KNO:s.

The antioxidant activities of the tomatoes are shown in Table 3. The FRAP activities of “Tabtim
Deang T2021" and ‘Sweet Boy 1’ showed no significant differences in K1. Similar to the FRAP activity
ranging from 1.478+0.010 to 1.493+0.001 ECso mg ascorbic acid equivalent/1 gDW, the DPPH activity
ranging from 0.065+0.003 to 0.089+0.026 ECso mg ascorbic acid equivalent/1 gDW in ‘Sweet Boy 1’
showed no significant differences under the KNOs-reduced treatment with K1. Moreover, signifi-
cantly increased DPPH activity was determined in ‘“Tabtim Deang T2021’. The highest significance
was found in the activities of DPPH determined in K3 (0.082+0.015 ECso mg ascorbic acid equivalent/1
gDW) and K5 (0.082+0.012 ECso mg ascorbic acid equivalent/1 gDW).

Table 3. The antioxidant activity of cherry tomatoes upon harvest as affected by KNOs-reduced treatment.

Variety Treatment DPPH FRAP
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Tabtim Deang T2021 K1 0.053 £ 0.003 b 1.488 + 0.009
K2 0.062 £+ 0.002 ab 1.488 + 0.005
K3 0.082 £0.015 a 1.485+0.010
K4 0.077 +0.001 a 1.481 + 0.004
K5 0.082+0.012 a 1.480 + 0.015
F-test ** NS
CV (%) 0.24 18.68

Sweet Boy 1 K1 0.080 + 0.010 1.483 +0.008
K2 0.082 + 0.008 1.485 +0.004
K3 0.089 £ 0.026 1.478 +0.010
K4 0.065 +0.003 1.484 +0.008
K5 0.070 £ 0.017 1.493 + 0.001
F-test NS NS
CV (%) 0.36 12.24

Data are the mean + standard deviation. Means in a column with different lowercase letters are significantly
different according to the results of Tukey’s multiple comparisons test (p < 0.05). NS: not significant, **. Signifi-
cant at p <0.01. K1 treatment is the control solution of 3.0 mM KNOs, K2 treatment is 1.5 mM KNOs, K3 treatment
is 0.75 mM KNOs, K4 treatment is 0.50 mM KNOs, and K5 treatment is 0.375 mM KNOs. DPPH expressed as
ECso (mg ascorbic acid equivalent/1 gDW); FRAP expressed as mg ascorbic acid equivalent/1 gDW.

3.4. Correlation Between the Potassium Content, Yield, Quality of Fruit, and Antioxidant Activity

The correlation analysis results are presented in Figure 3. The cherry tomato varieties under
study exhibited different responses. In the ‘Sweet Boy 1’ variety, the yield, fruit weight, and diameter
were significantly positively correlated with the K content (r = 0.619); in comparison, no such corre-
lation was observed in the “Tabtim Deang T2021" variety. Plant height in both cherry tomato varieties
were not significantly correlated with the KNO; content. The pH value showed a significant positive
correlation with the K content in ‘Sweet Boy 1’ (r = 0.785); however, this was not true for ‘Tabtim
Deang T2021’. Total soluble solids in both varieties were significantly positively correlated with the
K content in “Tabtim Deang T2021" (r = 0.708) and ‘Sweet Boy 1’ (r = 0.531). Additionally, the citric
acid content was positively correlated with the K content in ‘Sweet Boy 1’ (r = 0.724). There were no
significant correlations between the K content and the levels of lycopene or beta-carotene in both
varieties. However, the antioxidant activity was generally not significantly correlated with the K con-
tent except for DPPH activity in the ‘Tabtim Deang T2021" variety, which exhibited a significant neg-
ative correlation with the K content (r = -0.740).
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“Tabtim Deang T2021’ ‘Sweet Boy 1’

Yield 0.391 0.619 *
Fruits weight 0.381 0.718 **
Diameter 0.235 0.669 **
Height 0.410 0.488
pH -0.084 0.785 **
Total solubie solids 0.708 ** 0531 *
Citric acid 0.013 0.724 **
Ascorbic acid
Lycopene
Beta-carotene
DPPH
FRAP
l ¢ ¢ _v
1.0 0.5 0 -0.5 -1.0

Figure 3. Correlation between potassium content, yield, quality of fruit, and antioxidant activity. *, ** Pearson’s

correlation coefficient test with two levels of significance (p < 0.05 and p < 0.01).

4. Discussion

The above results indicate that reducing the KNO; content in the nutrient solution had a signif-
icant impact on yield, fruit weight, and fruit size, primarily due to potassium's critical role in various
physiological processes within plants. K is a vital element for photosynthesis, a process essential for
plant growth and energy production [46-47]. Additionally, K is integral to physiological processes
that involve water, such as stomatal regulation, the translocation of photo-assimilates, enzyme acti-
vation, and heliotropic leaf movements [48]. K deficiency can severely suppress the biosynthesis and
activity of Rubisco, a crucial enzyme for carbon dioxide fixation during photosynthesis. This defi-
ciency directly affects plant growth and yield [49-50]. In their study, Tsukagoshi et al. [37] observed
that K deficiency in the cherry-type tomato (Solanum lycopersicum L.) 'Carol 10' led to reduced dry
weight of leaves and stems, decreased yield, and a lower number of fruits, ultimately resulting in
diminished overall plant growth. The antagonistic effect of K on Mg is stronger than that of Mg on K
in root absorption and transport within plants tissues may be antagonistic or synergistic because Mg?*
and K+ cations play important roles in maintaining cellular pH balance, and K*, a major osmolyte in
vacuoles, is essential for stomatal opening [51].

Our results demonstrate that reducing KNO; in the nutrient solution significantly influenced
plant nutrient uptake, particularly affecting the Ca in the tomato fruits. K, as the most abundant cat-
ion in plants, plays a critical role in maintaining the osmotic potential of plant cells, which is essential
for mitigating stress. Low K levels can trigger stress responses, leading to alterations in ion transport
and accumulation. Elevated Ca levels may function as secondary messengers in stress signaling path-
ways [52]. These mechanisms are vital for managing nutrient imbalances in crops and refining plant
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nutrition strategies. However, K uptake is also influenced by plant-specific factors, including genetic
makeup and developmental stages, such as the vegetative and reproductive phases [53].

Specifically, in the ‘Tabtim Deang T2021" cultivar, a decrease in KNO; led to lower Fe (Figure
2H) and higher B (Figure 2L) concentrations. The uptake of Ca can interfere with Fe absorption. These
elements may compete with Fe for uptake or affect root exudates that solubilize Fe [54-55]. In the
cultivar ‘Sweet Boy 1, the reduction in KNOj in the nutrient solution led to a decrease in the S con-
centration (Figure 1F) and an increase in the Zn and B concentration, as observed in Figure 2K,L. S
and N are essential nutrients interconnected in plant metabolic pathways [56-57]. S is critical for the
synthesis of specific amino acids and vitamins and for allowing plants to absorb nutrients, increasing
the Zn content in plant tissues [58]. Zn and K also exhibited a significant synergetic relationship in
soil and plants by influencing the uptake of both nutrients. The interaction between K and Zn has a
synergistic effect on the uptake of different nutrients by plants [59]. However, decreasing the KNO;
content also reduces N and P availability, which can impact sulfur metabolism in the plant. While
reduced K levels can enhance Zn uptake, this state may also have implications for the nutrient balance
in the plant [60-61].

Our results indicate that K is a key activator of numerous vital enzymes involved in processes
such as protein synthesis, sugar transport, N and carbon (C) metabolism, and photosynthesis. It plays
a significant role in yield formation and quality enhancement [27,62]. Hermans et al. [63] demon-
strated that inorganic compounds such as sugars and amino acids accumulate in plants with low K
levels. In their study, Al-Moshileh et al. [64] highlighted potassium's involvement in the regulation
of stomatal conductance through the opening and closing of guard cells, which also influences pho-
tosynthesis. These functions can indirectly impact sugar production and accumulation in fruits.
Takahashi et al. [37] further reported that K restriction for less than ten weeks in pot culture with
fertigation did not significantly affect the mean fruit weight, soluble sugar content, and titratable
acidity in blueberry fruits, indicating that low K conditions can be managed without compromising
these fruit quality parameters.

However, low K levels adversely affect the synthesis and accumulation of lycopene and beta-
carotene in tomato fruits due to potassium's critical role in activating enzymes involved in photosyn-
thesis, protein synthesis, and carbohydrate metabolism [65-66]. Efficient enzyme activity is essential
for the synthesis of secondary metabolites, such as carotenoids. K also influences the development
and function of chloroplasts, which are key sites for carotenoid biosynthesis, including beta-carotene,
an important compound for photosynthesis and photoprotection [67-68]. Moreover, K may play a
role in the synthesis of lycopene, as it potentially acts as an activator of enzymes responsible for con-
verting beta-carotene to lycopene in tomato fruits [26,69-70].

K affects the antioxidant activity in plants by influencing factors such as the phenolic composi-
tion, flavonoid content, and plant health. In the study by [71], foliar (potassium sulfate) spray influ-
enced the biochemical profile of the total fig fruit and achenes by increasing the expression of phe-
nolic compounds, which was correlated with the strong antioxidant potential of figs. In Marlin et al.’s
study [72], the authors’ results indicate that application of N and K fertilizer improved the polyphe-
nol content and antioxidant activities such as DPPH radical scavenging activity and ferric ion reduc-
ing antioxidant power in Eleutherine palmifolia. The results of our study could prove useful in improv-
ing the health of kidney patients by maximizing the diet quality for CKD patients.

5. Conclusions

Our results demonstrate that both “Tabtim Deang T2021" and ‘Sweet Boy 1’ cherry tomato plants
cultivated with a 1.5 mM KNO; nutrient solution exhibited a successful reduction in K content in
their fruits without the induction of significant K deficiency symptoms. This reduction was achieved
without adversely affecting the fresh weight, fruit quality, and antioxidant activity. The successful
decrease in K levels observed in both cherry tomato varieties have significant implications for dietary
management, particularly for patients with kidney disease, offering potential health benefits by
providing low-K fruits. Even those without health problems can consume such fruits while benefiting
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from the same level of nutrients. Further research is needed to investigate the role of plant growth
hormones in enhancing the development and yield of cherry tomatoes cultivated under low K con-
ditions in hydroponic systems because of the production sustainability of low K (fruits and vegeta-
bles) for CKD patients, the optimizing plant growth under limited K availability is essential.
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