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Abstract: This paper presents the research results on the effects of micronutrient foliar
fertilizers on certain physiological traits and yield of cherry tomato variety grown under
rain-sheltered conditions in Thanh Hoa province, Vietnam. The findings show that in
experimental formulas such as F2 (Ev05 Humi pro), F3 (Hd 99), F4 (Etda Zinc), and F5
(Ac-Gaba-Cyto), cherry tomato plants exhibited better growth and development
compared to the control (Formula 1). This was evident through indicators such as leaf
chlorophyll content, photosynthetic intensity, total number of flowers per plant, effective
flower ratio, number of fruits per plant, and average fruit weight. Different formulas of
micronutrient foliar fertilizers resulted in varying yields, with F5 (Ac-Gaba-Cyto)
producing the highest yield at 36.53 tons/ha, followed by F2 (EvO5 Humi pro) with 35.24
tons/ha. F3 and F4 (Hd 99 and Etda Zinc, respectively) also yielded higher than the
control (31.57 tons/ha), though not as high as F5 and F2.

Keywords: Cherry tomato, micronutrient foliar fertilizers, yield.
1. Introduction

Cherry tomato (Lycopersicum esculentum Miller.), a member of the Solanaceae
family, produces round or elongated fruits that ripen into a uniform red color, with a
distinctively sweet, crispy, and refreshing taste. The fruits are rich in pigments such as
lycopene and carotene, highly nutritious, and contain carbohydrates and antioxidants like
lycopene and vitamin C, which help reduce the risk of cardiovascular diseases [1], [2].

Additionally, cherry tomatoes are easy to cultivate, adaptable to various growing
regions, and provide high economic value to farmers, serving as a significant source of
income for many households. Thanks to these advantages, cherry tomatoes have become
widely cultivated across the globe, including in Vietnam, and are a subject of interest for
many researchers [3].
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Micronutrient foliar fertilizers are widely used in the market today due to their
ability to promote plant growth, stimulate metabolism, and increase crop yields. To
achieve high productivity, crops often require additional micronutrients [4], [5].
However, various types of micronutrient foliar fertilizers may exert different effects on
plant development, leading to varying outcomes. Cherry tomatoes, in particular, are
sensitive to such fertilization.

In Vietnam, the cultivation of cherry tomatoes in greenhouses and net houses is
increasingly popular. The cherry tomato variety is widely adopted due to its high yield,
superior quality, disease resistance, and suitability for protected cultivation. Cherry
tomato productivity largely depends on cultivation conditions, with fertilizer application-
especially foliar micronutrients-playing a crucial role throughout the plant’s life cycle.
Despite this, studies on the effects of micronutrient foliar fertilizers on cherry tomatoes
remain limited. Therefore, this study is necessary to enhance the growth, development,
and yield of cherry tomato crops [7].

2. Materials and methods

2.1. Research materials

Cherry tomato variety: Trang An cherry tomato (Product of Phu Dien Trading and
Production)

Growing medium: A mixture of compost, coco peat, and burnt rice husk.

Decomposed cow manure (treated with antagonistic fungus Cotridma, net weight: 5 kg)

NPK fertilizer (16:16:8 + TE)

Micronutrient foliar fertilizers:

Ev05 Humi pro: Bo: 5000 mg/kg; moisture: 1%; contains Fe, Cu, amino acids, and
other components.

Hd 99: Bo: 100,000 ppm; Cu: 400 ppm; Zn: 350 ppm; Fe: 350 ppm; Mn: 500 ppm;
moisture: 1%; Mg: 2%.

Etda Zinc: Zn: 140,000 ppm; moisture: 1%.

Ac-Gaba-Cyto: Zn: 1600 ppm; Cu: 1600 ppm; Mn: 1500 ppm; Mn: 0.065%; GA3:
2100 ppm; Cytokinin: 1000 ppm; moisture: 5%.

2.2. Experimental conditions and duration

The experiment was conducted in a net house with rain shelter in Thanh Hoa from
July to October 2024. The average temperature ranged from 27-35°C, and humidity from
60-75%, which are favorable conditions for cherry tomato growth.

2.3. Experimental design

The experiment was arranged with 5 formulas (each formula consisted of 10 pots,
one plant per pot) using a Completely Randomized Design (CRD) with 3 replications [6],
ensuring a plant density of 22,000 plants/ha across all formulas.
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Substrate: Growing medium + NPK + cow manure.

Formula 1 (Control): Substrate + spray of water.

Formula 2: Substrate + foliar spray of EvO5 Humi pro.

Formula 3: Substrate + foliar spray of Hd 99.

Formula 4: Substrate + foliar spray of Etda Zinc.

Formula 5: Substrate + foliar spray of Ac-Gaba-Cyto.

The methods used for growing tomato seedlings were adapted from those described
by Cuc T.T. (2002). Each pot (35 x 40 cm, with drainage holes) was filled with 5 kg of
growing medium, supplemented with 1 kg of decomposed cow manure and 0.2 kg of NPK,
mixed thoroughly. Seedlings 15-20 cm tall were transplanted, with approximately 50% of
the stem buried to encourage adventitious root formation [7]. An additional 0.3 kg/pot of
NPK was applied in two splits: 15-20 days after transplanting and at full flowering stage [7].

A support trellis system was established using 1.8 m-long stakes inserted 20 cm
deep into the soil. Nylon ropes were tied horizontally for plant support, and the main
stem was secured as it grew.

Micronutrient foliar fertilizers were applied as follows:

Ev05 Humi pro: 25 g/20-25 L of water; sprayed every 7-10 days at key stages
(shoot emergence, flowering, fruit setting).

Hd 99: 5 g/30 L of water; sprayed every 7-10 days.

Etda Zinc: 5 g/20-25 L of water; sprayed every 7-10 days.

Ac-Gaba-Cyto: 5 g/20-25 L of water; 40-50 mL per plant per application.

Equivalent amounts of water were sprayed in the control formula. Plants were
adequately irrigated to maintain proper moisture levels, avoiding waterlogging. Pests and
diseases were monitored and controlled as needed, and old or infected leaves were pruned
regularly to maintain plant health.

2.4. Observation of some physiological characteristics
Evaluation/ Assessment of Some Physiological Traits

The assessment of several physiological traits was conducted at key growth stages,
as follows:

Seedling stage (30 days after sowing)

Recovery stage (40 days after sowing; >50% of plants recovered)

Flowering stage (55 days after sowing; >50% of plants flowering)

Harvesting stage (85 days after sowing; >50% of plants bearing mature fruit)

The assessment of chlorophyll content was carried out using the method described by
Ma N.V. et al. (2013). Fesh leaves (2 g) are chopped into a porcelain mortar, crushed with
a small amount of acetone 80% and puree, add acetone and filter through a funnel Buchner
into the extraction vessel, we get a mixture of green pigments. Measure the filtrate on the
spectrophotometer at the corresponding wavelengths. Chlorophyll content was calculated
by the formula: Ca (mg/L) = 9.784 X Egs, - 0.990 X Egsq. Cb (Mg/L) = 21.426 X Egq4 - 4.650
X Egso. Carotenoids content was calculated by the formula: Carotenoids(mg/L) = 4.695 x
Eu405- 0.268 X Catp). Then the pigment content per 1g of fresh leaves is calculated [8].
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Photosynthesis intensity: Measured using a CI-340 photosynthesis system (Model:
CI-340. Manufacturer: CID - My).

Number of flowers and effective flower ratio: Number of flower clusters per main stem,
number of flowers per cluster, and effective flower ratio (fruit-set flowers/total flowers).

2.5. Yield and Yield Components

Fruit number per plant: Total fruits per plant.
Average fruit weight: Measured with a digital scale (accuracy: 10™* g).
Individual yield: Total fruit weight per plant until harvest completion.

2.6. Data Analysis

All experiments were conducted with three independent replicates. Results were
expressed as mean * standard deviation (SD). Data were statistically analyzed using
ANOVA with IRRISTAT 5.0 software.

3. Results and Discussion

3.1. Effects of micronutrient foliar fertilizers on leaf chlorophyll content

Chlorophyll content in tomato leaves varied across growth stages and formulas
(Table 1). During the seedling stage, differences were minimal as no foliar fertilizers had
been applied yet. F5 consistently produced the highest chlorophyll content, particularly
during the flowering stage (0.48 mg/g fresh leaf), followed by F2 and F4. The control
(F1) had the lowest chlorophyll content across all stages.

Table 1. Effect of micronutrient foliar fertilizers on chlorophyll content

(mg/g fresh leaf)

Seedling Stage |Recovery Stage | Flowering Stage | Harvest Stage
Formula
(30 DAS) (40 DAS) (55 DAS) (85 DAS)
F1 0,21°+ 0,02 0,31°+ 0,02 0,37°+ 0,03 0,35°+ 0,02
F2 0,23°+0,01 0,34°+0,01 0,43°+ 0,01 0,41%+ 0,01
F3 0,24*+ 0,01 0,32°+ 0,02 0,42°+0,02 0,39°+0,02
F4 0,23+ 0,03 0,33°+0,03 0,41°+0,02 0,40°+0,03
F5 0,254+ 0,01 0,374+ 0,01 0,48+ 0,01 0,428+ 0,02

Note: Within columns, means followed by the same letter are not significantly different at p < 0.05.

Data analysis in Table 1 shows that the chlorophyll content in cherry tomato leaves
differed between growth stages and among formulas. At the seedling stage, due to the
lack of micronutrient supplementation, chlorophyll content did not vary significantly
among formulas, with the highest in F5 at 0.25 mg/g fresh leaf and the lowest in F1 at
0.21 mg/g fresh leaf. From recovery to flowering, due to the effects of different
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fertilizers, total chlorophyll content in the leaves changed significantly. F5 had higher
chlorophyll levels compared to other formulas throughout the period from recovery to
harvest. During recovery, F5 reached 0.37 mg/g fresh leaf, followed by F2 at 0.34 mg/g,
F4 at 0.33 mg/g, and F1 at 0.31 mg/g. Chlorophyll content increased rapidly during the
flowering stage, with F5 still highest at 0.48 mg/g fresh leaf, followed by F2 at 0.43
mg/g, and F1 lowest at 0.37 mg/g. At the beginning of harvest, F5 continued to have the
highest chlorophyll content at 0.42 mg/g, followed by F2 at 0.41 mg/g.

The results across the experimental formulas show that the formulas supplemented
with Ac-Gaba-Cyto and Ev05 Humi pro micronutrient foliar fertilizers had higher
chlorophyll content in the leaves. Meanwhile, in formulas F3 and F4, where Etda Zinc or
Hd 99 micronutrient foliar fertilizers were applied, the chlorophyll content also increased
compared to the control. This indicates that foliar application of micronutrient foliar
fertilizers generally enhances the total chlorophyll content in the leaves, but the
effectiveness varies depending on the type of fertilizer used.

3.2. Effect of micronutrient foliar fertilizers on photosynthesis intensity

Photosynthesis intensity is closely linked to plant productivity, affected by light,
leaf water content, chlorophyll concentration, and other physiological processes [9].
Table 2 shows that foliar fertilizers enhanced photosynthesis, with F5 achieving the
highest values across all stages, followed by F2 and F4. The control (F1) consistently had
the lowest rates.

Results of Table 2 show that at the seedling stage, before micronutrient
supplementation, there was no significant difference in leaf photosynthetic intensity. The
highest photosynthetic intensity was in F5 at 14.36 umol/m?3/s, and the lowest in F1 at
9.72 umol/m?/s. From recovery to the beginning of harvest, photosynthetic intensity
significantly differed among formulas. During recovery, F5 reached the highest value at
23.73 pmol/m?/s, followed by F2 at 21.22 umol/m?/s, F4 at 21.15 pumol/m?/s, and F3 at
19.26 pmol/m?s. At flowering, photosynthetic intensity increased across all formulas,
with F5 highest at 26.81 pumol/m2/s, followed by F2 at 24.35 pmol/m?/s, and F1 lowest at
19.82 pumol/m?/s. At the start of harvest, photosynthetic intensity decreased, with F5
highest at 18.49 umol/m2/s and F1 lowest at 17.31 pmol/m2/s.

Table 2. Effect on photosynthesis intensity (umol/mz/s)

Formula | Seedling Stage | Recovery Stage | Flowering Stage | Harvest Stage
(30 DAS) (40 DAS) (55 DAS) (85 DAS)

F1 9,72+ 0,06 18,82¢+ 0,12 19,82 £ 0,15 17,31° £ 0,08

F2 11,56°% 0,09 21,22°% 0,14 24,35°% 0,14 18,09° + 0,14

F3 10,28°% 0,04 19,26°+ 0,11 20,35°* 0,08 18,36°% 0,11

F4 14,242% 0,11 21,15°% 0,16 23,17°% 0,09 17,85°* 0,07

F5 14,36+ 0,06 23,73*% 0,15 26,812* 0,15 18,49°% 0,06

Note: Within columns, means followed by the same letter are not significantly different at p < 0.05.
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The research results on photosynthetic intensity across the experimental formulas
show that in F5, with the supplementation of Ac-Gaba-Cyto micronutrient fertilizer, the
photosynthetic intensity reached the highest value among all formulas. In formulas
supplemented with EvO5 Humi pro, Hd 99, and Etda Zinc micronutrient foliar fertilizers,
photosynthetic intensity also increased compared to the control, but remained lower than
that of F5. These results indicate that the photosynthetic intensity of cherry tomato plants
changes significantly with the supplementation of different micronutrient foliar
fertilizers; however, the extent of the effect varies depending on the type of fertilizer
applied. These results are consistent with the study by Nguyen et al. (2015), which found
that fertilization increased the leaf area and photosynthetic rate of cherry tomatoes [10],
and Akanksha et al. (2024) that foliar application of micronutrients enhanced the
photosynthetic activities of cherry tomatoes [4].

3.3. Effect of micronutrient foliar fertilizers on number of flowers and effective flower
ratio

Flower formation directly influences fruit set and is one of the key components
determining yield [11]. Fertilizer application promotes flowering, increases flower
number, and enhances the proportion of flowers that successfully set fruit [12]. Results
are summarized in Table 3.

Results from Table 3 show that in F5, supplementation with Ac-Gaba-Cyto
micronutrient fertilizer led to the highest average number of flower clusters per main stem
(10.35 clusters) and the highest average number of flowers per cluster (16.24 flowers),
resulting in the highest total number of flowers per plant at 168.35 with an effective flower
rate of 79.21%. In F2, with EvO5 Humi pro supplementation, the average total flowers per
plant were 156.14, with 15.41 flowers per cluster, 10.29 clusters per main stem, and an
effective flower rate of 76.48%. The differences between F2 and F5 compared to other
formulas were statistically significant. In F4, supplemented with Etda Zinc, the number of
flowers per cluster was 14.54, with 10.21 clusters per stem, a total average of 143.19
flowers per plant, and an effective flower rate of 73.35%. In F3, supplemented with Hd 99,
the number of flowers per cluster was 14.48, but the number of clusters was only 9.94,
resulting in a lower total number of flowers (142.16) and an effective flower rate of
72.18%. Meanwhile, in F1 (control), the total number of flowers and clusters was the
lowest, averaging 138.05 flowers per plant and an effective flower rate of only 69.45%.

Table 3. Effect of micronutrient foliar fertilizers on number of flowers and effective flower ratio

Number of flower

. Total Effective
Formula | Flowers/Cluster | clusters/main stem

Flowers/Plant | Flower Ratio (%)

(Clusters)
F1 14,36°+ 0,24 9,67°+ 0,15 138,05°+1,18 | 69,45%+ 0,54
F2 15,412+ 0,19 10,292+ 0,08 156,14°+ 2,72 | 76,48°+ 0,45
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F3 14,48°+ 0,27 9,94+ 0,14 142,16°+ 1,49 72,18°+ 0,38
F4 14,54°+ 0,32 10,217+ 0,12 143,19°+ 2,32 73,35°+ 0,25
F5 16,24°+ 0,15 10,35+ 0,17 168,35+ 1,25 79,218+ 0,61

Note: Within columns, means followed by the same letter are not significantly different at p < 0.05.

Formula F5 (Ac-Gaba-Cyto) resulted in the highest average flower cluster number,
total flowers, and effective flower ratio. F2 (Ev05 Humi pro) also significantly improved
these parameters compared to the control. F3 and F4 showed moderate improvements.
These results suggest that Ac-Gaba-Cyto and Ev05 Humi pro positively affect yield
through increased flower numbers and higher flower-to-fruit conversion.

3.4. Effect of micronutrient foliar fertilizers on yield components and yield

Yield and its components are crucial indicators of the effectiveness of micronutrient

foliar fertilizer application [13]. Results are presented in Table 4.

Table 4. Yield components and productivity

Formula | Fruits/Plant AVg. Frt(g’; Weight Ylel(dk/;Iant (t:r:g;r?a)
F1 101,619+ 1,36 10,72°+£ 0,19 1,389+ 0,03 31,57°+ 0,25
F2 117,23%+ 1,27 11,878+ 0,12 1,58+ 0,05 35,24%+ 0,41
F3 108,32°+ 2,18 11,46°+ 0,15 1,43°+ 0,04 33,28+ 0,35
F4 112,59 + 2,34 11,52+ 0,22 1,46+ 0,03 33,91+ 0,22
F5 119,128+ 1,25 12,028+ 0,20 1,62%+ 0,02 36,53+ 0,18

Note: Within columns, means followed by the same letter are not significantly different at p < 0.05.

Results from Table 4 show that the number of fruits per plant significantly differed
among formulas. F5 had the highest average number of fruits per plant at 119.12,
followed by F2 at 117.23, F4 at 112.59, F3 at 108.32, and F1 at 101.61. These results
indicate that foliar supplementation with Ac-Gaba-Cyto and Ev05 Humi pro increased
the number of fruits per plant. Additionally, these fertilizers improved fruit set rate
compared to the control. Supplementation with Etda Zinc or Hd 99 also increased fruit
numbers but not as effectively as F2 and F5.

The average fruit weight also varied among formulas, with F5 having the highest
fruit weight at 12.02g, followed by F2 at 11.87g, F4 at 11.52g, F3 at 11.46g, and the
lowest in F1 at 10.72g. These differences were statistically significant. Thus,
supplementation with Ac-Gaba-Cyto and Ev05 Humi pro increased fruit weight (above
the overall average of 11.52¢). Etda Zinc and Hd 99 also increased fruit weight compared
to the control but were less effective than F2 and F5.

The results regarding fruit weight and fruit number closely correlated with
individual plant yield and actual yield. F5 had the highest individual yield at 1.62
kg/plant, corresponding to 36.53 tons/ha, followed by F2 at 1.58 kg/plant (35.24 tons/ha),
F4 at 1.46 kg/plant (33.91 tons/ha), and F3 at 1.43 kg/plant (33.28 tons/ha). The lowest
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yield was in F1 (control) at 1.38 kg/plant (31.57 tons/ha). All experimental formulas
produced higher vyields than the control, with statistically significant differences.
Therefore, during the growth and development of cherry tomatoes, foliar supplementation
with micronutrient foliar fertilizers can enhance individual and overall crop yields. These
results are consistent with the study of Pramod et al. (2025) and Adams (2004) that foliar
micronutrient fertilization significantly affected the growth parameters, yield and quality
of cherry tomatoes. However, to maximize efficiency, it is necessary to appropriately
apply different foliar micronutrients at different growth stages [5], [14].

4. Conclusions

The application of micronutrient foliar fertilizers significantly improved the growth
and development of Trang An cherry tomato plants cultivated under rain-sheltered
conditions, as evidenced by increased chlorophyll content, photosynthesis intensity, total
number of flowers per plant, effective flower ratio, fruit number, and average fruit weight
especially in formulas with Ac-Gaba-Cyto and Ev05 Humi pro.

The highest yield was recorded in Formula 5 (Ac-Gaba-Cyto) at 36.53 tons/ha,
followed by F2 (Ev05 Humi pro) at 35.24 tons/ha. Formulas with Etda Zinc and Hd 99
also produced higher yields than the control (31.57 tons/ha), though not as high as those
with Ac-Gaba-Cyto and Ev05 Humi pro. Therefore, during the growth and development
of cherry tomato plants, the appropriate use of micronutrient foliar fertilizers is
recommended to improve productivity and economic efficiency.
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