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The effects of melatonin and potassium fertilizer on fruit yield and 
quality of ‘Haruhi’ strawberry under two light conditions 
 
Abstract. Strawberry (Fragaria × ananassa) ‘Haruhi’ is a subtropical plant that is being cultivated in 
Indonesia. High temperatures in tropical climates could decrease strawberry yield and fruit quality. The 
purpose of this study was to evaluate the effect of light, melatonin, potassium fertilizers, and their 
interactions on the yield and fruit quality of ‘Haruhi’ strawberry. This research was conducted from 
April to June 2024 at the Bale Tatanen, Faculty of Agriculture, Universitas Padjadjaran. A split-plot 
design was used, with lighting treatment as the main plot and melatonin and potassium fertilizer 
treatments as the subplot. Lighting treatments consisted of supplemental LED lighting and natural light 
(non-LED). Subplot treatments included control, 100 μM melatonin, 2 g L⁻¹ potassium fertilizer, and 
their combination. The results showed that the combination of non-LED lighting with melatonin and 
potassium fertilizer produced the best fruit diameter and fruit weight. Under non-LED lighting, 
melatonin treatment resulted in the highest total soluble solids, while the control treatment produced 
the highest number of flowers. The interaction between LED lighting and melatonin resulted in the 
highest fruit number. Non-LED lighting alone also produced the best plant height, leaf number, and 
fruit length. Potassium fertilizer alone resulted in the highest leaf number, while the control treatment 
produced the highest plant height. 
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Introduction 
 
Strawberry is a widely cultivated fruit crop 
worldwide, particularly Fragaria × ananassa, 
which originated from the hybridization between 
Fragaria virginiana from America and Fragaria 
chiloensis from Chile (Stewart & Folta, 2010). This 
fruit possesses high economic and nutritional 
value due to its high fiber, micronutrient, ascorbic 
acid, and phenolic compound content, which 
function as antioxidants (Battino et al., 2016). 
Although strawberry is native to subtropical 
regions, it is currently cultivated extensively, 
including in tropical countries such as Indonesia. 
Japan is recognized as one of the leading 
producers of high-quality strawberries known of 
its sweet taste and soft texture with higher 
commercial values (Yoshida, 2013). One of the 
recently developed cultivars in Japan is ‘Haruhi’, 
which is classified as a short-day plant. Based on 
domestic comparative tests conducted by its 
developer, Miyoshi & Co., Ltd., this cultivar is 
characterized by a moderately conical shape, a 
medium fruit size, and an average sweetness of 
12.6 °Brix. 

The growth, yield, and fruit quality of 
strawberries are influenced by environmental 
factors such as temperature, photoperiod, and light 
intensity (Khammayom et al., 2022). Strawberry 
plants grow optimally at temperatures 18–25°C in 
highland areas (Dinas Pertanian dan Pangan, 2020). 
Climatic variations can be minimized using 
greenhouse cultivation. Additionally, light is 
required for photosynthesis and plant growth. 
Supplementary light sources such as Light-
Emitting Diode (LED) have been widely used due 
to energy efficiency, long lifespan, and ability to 
produce specific wavelengths (Nassawara et al., 
2021). White LEDs are frequently used as the main 
lighting system since they provide a stable 
environment for vegetative growth (Smith et al., 
2022). In addition to light quality, light intensity and 
photoperiod also affect plant development. Since 
different cultivars require different light 
requirements, it is essential to optimize the light 
environment to maximize fruit yield and quality 
(Zhang et al., 2026). LED lighting that is optimized 
for strawberries has been reported to increase 
photosynthetic pigment production, plant growth, 
and fruit weight (Roosta et al., 2024). 

 
 
 

Cultivating strawberries in tropical regions 
is limited by high temperatures, which can 
reduce photosynthetic rate, yield, and fruit sugar 
content (Kadir et al., 2006). This condition could 
induce stomatal closure, restricting CO₂ uptake 
and decreasing photosynthetic activity up to 44% 
(Kadir et al., 2006). Melatonin treatment could be 
a potential way to address this problem, as 
previous reports suggest that melatonin helps in 
reducing chlorophyll degradation, increasing the 
photosynthetic rate, and improving chloroplast 
function under stress conditions (Zhang et al., 
2013). A recent study by Manafi et al. (2022) 
showed that melatonin treatment at a 
concentration of 100 μM significantly decreased 
heat-induced damage symptoms and enhanced 
antioxidant defense response in strawberry 
plants. Therefore, melatonin at 100 μM was 
applied to improve plant adaptation under stress 
conditions.  

High temperatures might not only decrease 
photosynthetic rates but also reduce the level of 
sugar accumulation in fruit and eventually 
decrease the fruit quality of strawberry. Nutrient 
availability, especially potassium, is essential for 
maintaining physiological functions, including 
sugar metabolism and the translocation of sugars 
from leaves to fruits (Ho et al., 2020). 
Valentinuzzi et al. (2018) showed that application 
of potassium-based foliar fertilizer significantly 
improved strawberry fruit quality, where Total 
Soluble Solids (TSS) increased by approximately 
12% and Total Sweetness Index (TSI) increased by 
approximately 13%. Futhermore, Simorangkir 
(2015) reported that KNO₃ treatment at 
concentration of 2 g L-1 resulted in the highest TSS 
(25.99° Brix). Therefore, KNO₃ at 2 g L⁻¹ was 
applied to improve fruit quality, especially fruit 
sweetness. 

Previous studies have shown that melatonin 
treatment and potassium fertilizer treatment can 
increase strawberry yield and fruit quality (Manafi 
et al., 2020; Valentinuzzi et al., 2018). However, 
there are some limitations to how their combination 
works under various lighting conditions. This study 
was conducted to evaluate the effects of melatonin 
and potassium fertilizer on strawberry yield and 
fruit quality under different lighting conditions. 
Eventually, this will allow us to develop more 
efficient cultivation strategies for introduced 
strawberries, especially ‘Haruhi’ strawberry. 
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Materials and Methods 
 
Plant Material and Research Procedure. This 
experiment was conducted from April to June 
2024 at Bale Tatanen, Faculty of Agriculture, 
Universitas Padjadjaran (718 m above sea level), 
Sumedang, Indonesia. The plant material used 
was ‘Haruhi’ strawberry seedlings obtained from 
Miyoshi Group, which were propagated in a 
nursery room before they were transferred to the 
greenhouse. Materials required for preparing 
growing media included cocopeat (45%), ash 
husk (45%), and peat moss (10%). Materials used 
for preparation of melatonin solution included 5 
mg melatonin capsules, HCl solution, and 
distilled water. To prepare potassium fertilizer, 
materials used were KNO3 fertilizer and water. 

This experiment used a split-plot design 
with two-factor treatment and four replications. 
The lighting treatment factor served as the main 
plot, including natural light/non-LED (A1) and 
supplemental LED lighting (A2). The application 
of melatonin and potassium fertilizer treatment 
factor as the subplot, including control (B1), 100 
μM melatonin (B2), 2 g L-1 potassium fertilizer 
(B3), and a combination of 100 μM melatonin and 
2 g L-1 potassium fertilizer (B4). Therefore, eight 
treatment combinations were obtained: A1B1, 

A1B2, A1B3, A1B4, A2B1, A2B2, A2B3, and A2B4. Four 
replications have been used for all treatments, 
giving a total of 32 experimental units. Each 
experimental unit consists of two plants, giving a 
total number of 64 sample plants. 

Measuring Plant Growth Performance 
Variables. The parameters observed in this study 
consisted of supplementary and primary 
observations. Supplementary observations included 
daily average temperature and Relative Humidity 
(RH), light intensity, and the incidence of pests and 
diseases, which were recorded daily from April to 
June 2024. Primary observations for plant growth 
included plant height (cm), number of leaves, 
number of flowers, number of fruits, and fruit set (%), 
which were measured at the end of the observation 
period (16 Weeks After Planting/ WAP). Primary 
observations for yield and fruit quality included fruit 
length (mm), fruit diameter (mm), fruit weight (g), 
and TSS (°Brix), which were measured on the first 
five fruits within a single inflorescence of each 
sample plant. All data were recorded in Microsoft 
Excel and then analyzed using analysis of variance 
(ANOVA) and Duncan’s Multiple Range Test 
(DMRT) at a significance level of 0.05 through 
SmartStat XL V.3.6.5.3 add-in for Microsoft Excel. 

Results and Discussion 
 
Temperature and Relative Humidity (RH). The 
importance of temperature regulation was 
emphasized since temperature plays a key role in 
determining plant growth. The optimum 
temperature required for the growth of ‘Haruhi’ 
strawberries is between 18–25°C. According to 
Tang et al. (2020), suitable temperatures can also 
enhance fruit quality by increasing TSS levels. 
Observations showed that the average 
temperature in the greenhouse ranged from 24–
31°C, which means above the optimal range for 
growth of ‘Haruhi’ strawberry plants and likely 
induced heat stress. According to Hastilestari 
(2015), heat stress can inhibit photosynthesis and 
reduce strawberry yield. In addition, Kadir et al. 
(2006) reported that high temperatures can 
reduce photosynthetic activity by up to 44%, 
lower yield, and decrease fruit sugar content. 

Besides that, maintaining appropriate RH is 
also crucial for strawberry cultivation, as it affects 
the transpiration of leaves and fruits 
(Khammayom et al., 2022). Observations showed 
that the average daily RH during this experiment 
ranged from 58–81%. This range is wider than the 
optimal RH requirement for the ‘Haruhi’ 
strawberry plant, which ranged between 60–69% 
(Sobari et al., 2026). High humidity could increase 
the risk of fungal infections and soil-borne 
pathogens, eventually leading to reduced fruit 
quality and significant yield losses (Khammayom 
et al., 2022). Furthermore, low RH can increase 
transpiration and reduce water content of the 
strawberry fruit. According to Nunes (2014), 
water loss is one of the primary causes of 
strawberry quality deterioration, including 
reduced bioactive compound content. 

Light Intensity. Daily observations of light 
intensity from April to June 2024 showed 
differences between LED and non-LED lighting 
treatments. During April, light intensity for the 
non-LED treatment ranged from 239.2 to 427.0 
μmol/m²/s. These values were mostly within the 
optimal range for strawberry plant growth (250–
450 μmol/m²/s) according to Guiamba et al. 
(2022). During May, light intensity under non-
LED treatment varied between 193.4 and 529.0 
μmol/m²/s, which means outside the optimal 
range for growth of strawberry plants. During 
June, non-LED treatment became more stable, 
with daily light intensity ranging from 250.2 to 
323.1 μmol/m²/s, which means suitable for 
strawberry plant growth.  
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Under LED lighting, light intensity 
remained relatively stable throughout the 
observation period, ranging from 228.7 to 313.7 
μmol/m²/s. Although light intensity was slightly 
lower on some days, the LED treatment generally 
provided suitable light for strawberry 
cultivation. During June, there is no requirement 
for supplemental artificial lighting since the non-
LED treatment was suitable for strawberry plant 
growth. These results align with the findings of 
Sobari et al. (2026), who reported higher light 
intensity in non-LED treatment compared to the 
LED treatment. However, the LED treatment 
offered more relatively stable lighting conditions.  

Pest and Disease. Observations found that 
strawberry plants have shown symptoms of leaf 
vein yellowing. According to Ferreira et al. (2023), 
these symptoms are generally caused due to 
nutrient imbalances. This may be an imbalance 
between potassium (K), magnesium (Mg), and 
calcium (Ca). High amount of potassium inhibits 
the uptake of Mg and Ca, leading to interveinal 
chlorosis, reduced chlorophyll content, and 
decreased plant vigor. Similar results were 
reported by Trejo-Téllez and Gómez-Merino 
(2014), the importance of balanced fertilization 
and soil pH management in preventing 
physiological disorders in strawberry plants. 
Therefore, proper nutrient management and 
regular soil pH monitoring are important 
measures to prevent this physiological disease.  

 

 
 

Figure 1. Symptoms and Acleris sp. larva 
infestation on ‘Haruhi’ strawberry fruit  

 
In addition, several ‘Haruhi’ strawberry fruits 

were damaged by Acleris sp. Larva (Fig. 1), which 
produced holes and tunnel-like feeding scars on the 
fruit surface. The larva was identified based on their 
yellowish-white segmented body and reddish-
brown head, consistent with descriptions from 

European Food Safety Authority (2019). Larva 
feeding reduced fruit quality and increased 
susceptibility to secondary pathogen infection. Pest 
control was carried out through routine monitoring 
and pruning of infested plant parts, which 
effectively limited infestation during the study. 
 
Table 1. Main effects of lighting and the 
application of Melatonin and Potassium fertilizer 
on the height of ‘Haruhi’ strawberry plants at 16 
weeks after planting 

Treatment Plant Height (cm) 

Lighting 
Non-LED 23.49 a 
LED 21.98 a 

Melatonin and Potassium Fertilizer 
Control 24.63 a 
Melatonin 22.75 a 
Potassium Fertilizer 21.34 a 
Melatonin + Potassium Fertilizer 22.22 a 
Note: Means in the same column followed by the same 
letter are not significantly different according to DMRT 
at the 5% significance level.  

 

Plant Height. Table 1 shows both the 
lighting treatment and melatonin and potassium 
fertilizer treatments had no significant effect on 
the plant height of ‘Haruhi’ strawberry at 16 
WAP. However, strawberry plants under non-
LED treatment show a slightly higher average 
plant height (23.49 cm) compared to those under 
LED lighting treatment (21.98 cm). These results 
showed that non-LED treatment was enough to 
provide light requirements for strawberry plant 
growth. The higher light intensity under non-
LED treatment likely enhanced photosynthesis 
and stimulated plant growth. Similar findings 
were reported by Zou et al. (2025), who observed 
a 55% increase in strawberry plant height under 
sufficient lighting conditions. The control 
treatment shows the highest average plant height 
(24.63 cm), which means the greenhouse 
environment was already suitable for strawberry 
plant growth without additional treatments. 
Environmental factors such as temperature, RH, 
light, and nutrient availability likely supported 
optimal plant development (Mohmed et al., 
2023). Furthermore, the higher plant height 
observed under non-LED treatment are 
attributed to the spectral characteristics of natural 
sunlight compared to LED lighting. Natural 
sunlight provides a full and balanced spectrum 
including enough proportion of far-red light that 
promotes steady and uniform stem elongation 
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(Zhen et al., 2022). Artificial lighting technologies 
replicate natural sunlight, which is considered 
the ideal light source due to its continuous and 
balanced full-spectrum wavelengths (spanning 
the 400–800 nm visible range) (Ling et al., 2026). 

Number of Leaves. Table 2 shows the 
independent effect of lighting treatment on the 
number of leaves of ‘Haruhi’ strawberries at 16 
WAP. Plants grown under non-LED treatment 
produced a higher average number of leaves 
(16.88 leaves) compared to those under LED 
treatment (15.53 leaves). This result shows that 
non-LED treatment provides the energy required 
for photosynthesis, which allows plants to 
produce organic matter and facilitate energy 
conversion during growth and development. 
Light also provides energy for metabolic 
processes such as cell division, cell 
differentiation, chlorophyll synthesis, tissue 
growth, and stomatal movement (Wu et al., 2025). 
Natural sunlight, with its continuous and 
balanced full-spectrum distribution, offers better 
light quality compared to LED lighting that more 
limited wavelengths. The optimal spectral 
balance provided by natural sunlight maximizes 
photosynthetic efficiency and supplies energy for 
plant growth, resulting in a higher number of 
leaves. 

Observation shows that the potassium 
fertilizer treatment resulted in the highest 
number of leaves (17.31 leaves), although it was 
not significantly different from the control 
treatment (16.88 leaves). But these results show 
that potassium fertilizer treatment can still 
positively influence leaf growth. Potassium plays 
an important role in stomatal regulation, enzyme 
activation, and protein synthesis, which 

contribute to cell division and cell expansion, 
resulting optimal leaf growth (Hasibuan et al., 
2024). 

 
 

Table 2. Main effects of lighting and the 
application of Melatonin and Potassium fertilizer 
on the number of leaves of ‘haruhi’ strawberry at 
16 weeks after planting 

Treatment 
Number of 
leaves 

Lighting 
Non-LED 16.88 b 
LED 15.53 a 

Melatonin and Potassium Fertilizer 
Control 16.88 b 
Melatonin 15.75 a 
Potassium Fertilizer 17.31 b 
Melatonin + Potassium 
Fertilizer 

14.89 a 

Note: Means in the same column followed by the 
same letter are not significantly different according to 
DMRT at the 5% significance level. 
 

Number of Flowers. Table 3 shows a 
significant interaction effect between lighting 
treatment and the application of melatonin and 
potassium fertilizer treatment on the number of 
flowers per inflorescence ‘Haruhi’ strawberry 
plants. The highest number of flowers was 
observed in the control treatment under non-LED 
treatment, with an average of 20.66 flowers. This 
result shows that the environmental and 
physiological conditions were already suitable 
for flowering. Flower production in strawberry 
plants is affected by several factors, such as 
genotype, light intensity, and environmental 
conditions.

 

Table 3. Interaction effect of lighting, Melatonin, and Potassium fertilizer on the number of flowers per 
inflorescence of ‘Haruhi’ strawberry plants  

Treatment 

Number of Flowers 

Control Melatonin Potassium 
Fertilizer 

Melatonin + 
Potassium Fertilizer 

Non-LED 20.66 b 
C 

17.13 a 
B 

17.00 b 
B 

13.88 b 
A 

LED 16.63 a 
B 

17.50 a 
B 

12.38 a 
A 

12.50 a 
A 

Note: Means followed by the same letter are not significantly different according to DMRT at the 5% significance 
level. Lowercase letters show comparisons between the two lighting treatments in the same treatment (vertical 
comparison), while uppercase letters show comparisons between treatments in the same lighting condition 
(horizontal comparison).  
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Table 4. Interaction effect of lighting, Melatonin, and Potassium fertilizer on the number of fruits per 
inflorescence of ‘Haruhi’ strawberry plants  

Treatment 

Number of Fruits 

Control Melatonin 
Potassium 
Fertilizer 

Melatonin + 
Potassium Fertilizer 

Non-LED 15.35 a 
B 

16.38 a 
B 

16.13 b 
B 

13.38 b 
A 

LED 15.63 a 
B 

16.88 a 
B 

11.50 a 
A 

11.88 a 
A 

Note: Means followed by the same letter are not significantly different according to DMRT at the 5% significance level. Lowercase 
letters show comparisons between the two lighting treatments in the same treatment (vertical comparison), while uppercase 
letters show comparisons between treatments in the same lighting condition (horizontal comparison). 

 

Table 5. Interaction effect of lighting, Melatonin, and Potassium fertilizer on the fruit set of ‘Haruhi’ 
strawberry plants  

Treatment 

Fruit Set (%) 

Control Melatonin 
Potassium 
Fertilizer 

Melatonin + 
Potassium Fertilizer 

Non-LED 93.80 a 
A 

95.75 a 
A 

94.91 a 
A 

96.52 a 
A 

LED 94.00 a 
A 

96.46 a 
A 

92.84 a 
A 

95.20 a 
A 

Note: Means followed by the same letter are not significantly different according to DMRT at the 5% significance level. Lowercase 
letters show comparisons between the two lighting treatments in the same treatment (vertical comparison), while uppercase 
letters show comparisons between treatments in the same lighting condition (horizontal comparison).  

 

Otherwise, the combined application of 
melatonin and potassium fertilizer treatment 
under both lighting conditions resulted in a lower 
number of flowers compared to the control. 
Although specific research on this interaction in 
strawberries remains limited, Chen et al. (2022) 
observed a similar mechanism in lettuce plants. 
This reduction could be a non-synergistic 
interaction between melatonin and potassium, 
which potentially interfered with the synthesis or 
transport of the florigen hormone, Flowering 
Locus T (FT), a key regulator of flowering 
initiation in plants.  

Number of Fruits. Table 4 showed a 
significant interaction effect between lighting, 
melatonin, and potassium fertilizer treatments on 
the number of fruits per inflorescence of ‘Haruhi’ 
strawberry. The melatonin treatment under LED 
lighting produced the numerically highest 
number of fruits (16.88 fruits), but it was not 
significantly different from the control treatment 
(15.63 fruits). Similarly, under non-LED lighting, 
the melatonin treatment resulted in the 
numerically highest value (16.38 fruits), although 
it was not significantly different from the 
potassium fertilizer (16.13 fruits) and control 
(15.35 fruits) treatments.  

Potassium fertilizer treatment resulted in a 
higher number of fruits under non-LED treatment 

but showed a significant decrease under LED 
treatment. This result shows that treatment 
effectiveness depends on environmental conditions, 
especially light intensity. Potassium is known to 
regulate carbohydrate metabolism and sugar 
synthesis, which support fruit development. Similar 
findings were reported by Hanif and Ashari (2014), 
who found that optimal KNO₃ application increased 
fruit number and fresh fruit weight. In addition, 
melatonin application has been reported to increase 
fruit production in strawberry plants compared to 
untreated controls (Ahmed & Abed, 2024). 

Fruit Set. Table 5 showed no significant 
interaction effect between lighting, melatonin, and 
potassium fertilizer treatments on the fruit set 
percentage of ‘Haruhi’ strawberry. These results 
indicate that fruit set was not strongly influenced by 
light intensity or the application of melatonin and 
potassium fertilizer. Fruit set represents the 
proportion of flowers that successfully develop into 
fruits after pollination. Although a higher number 
of flowers may increase yield potential, not all 
flowers develop into fruits. The non-significant 
results suggest that fruit set was likely influenced 
more by other factors, particularly biotic pollination 
by insects such as bees. According to Rana et al. 
(2023), bee-assisted pollination significantly 
improved 87.16% strawberry fruit set compared to 
natural pollination. 
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Table 6. Main effects of lighting and the 
application of Melatonin and Potassium fertilizer 
on the fruit length of ‘Haruhi’ strawberry  

Treatment Fruit Length (mm) 

Lighting 
Non-LED 30.58 b 
LED 30.01 a 

Melatonin and Potassium Fertilizer 
Control 30.40 a 
Melatonin 30.21 a 
Potassium Fertilizer 29.69 a 
Melatonin + Potassium Fertilizer 30.88 a 
Note: Means followed by the same letter are not 
significantly different according to DMRT at the 5% 
significance level. Lowercase letters show comparisons 
between the two lighting treatments in the same 
treatment (vertical comparison), while uppercase 
letters show comparisons between treatments in the 
same lighting condition (horizontal comparison).  

 
Fruit Length. Based on Table 6, the non-LED 

treatment produced significantly longer fruits 
compared to the LED treatment. This result may 
be related to the natural sunlight spectrum, which 
better matches the morphological requirements 
of strawberry plants for fruit growth and 
development. Specific light wavelengths can 
improve the efficiency of photosynthetic 
pigments, thereby supporting fruit development 
(Peng et al., 2020). Natural sunlight provides a 
full light spectrum, especially red and blue 
wavelengths that are important for 
photosynthesis and plant growth (Cetner et al., 
2015). These conditions enhanced photosynthate 
accumulation and greater fruit length of 
strawberry. 

Fruit Diameter. Based on Table 7, a 
significant interaction effect was observed 
between lighting treatment and the application of 
melatonin and potassium fertilizer on strawberry 
fruit diameter. The best results were obtained 
from the combination of melatonin and 
potassium fertilizer under non-LED lighting 
(28.40 mm), as well as the control (28.33 mm) and 
melatonin treatment (28.00 mm) under LED 
lighting. Previous studies by Zahedi et al. (2020) 
reported that melatonin application significantly 
increased strawberry fruit size. Besides that, 
potassium also plays an important role in 
assimilate transport to fruit and potassium 
deficiency may reduce fruit productivity and 
quality (Nakro et al., 2022). These findings 
suggest that the combination of melatonin, 
potassium fertilizer, and appropriate lighting 
conditions can effectively improve strawberry 
fruit size. 

Fruit Weight. Based on Table 8, the 
combination of melatonin and potassium 
fertilizer under non-LED lighting produced the 
highest fruit weight (11.58 g) and differed 
significantly from the other treatments. The 
spectral composition of the light source plays an 
important role in photosynthetic efficiency since 
some wavelengths lead to the activation of 
photosynthetic pigments (Liu & Van Iersel, 2021). 
By optimizing the light spectrum, the 
photosynthetic rate could be maximized, 
resulting in greater photo-assimilate production 
(carbohydrates). Furthermore, the translocation 
of carbohydrates from source to sink during fruit 
development was also optimized, resulting in 
higher fruit weight (Naznin et al., 2016).  
 
 

Table 7. Interaction effect of lighting, Melatonin, and Potassium fertilizer on the fruit diameter of ‘Haruhi’ 
strawberry 

Treatment 

Fruit Diameter (mm) 

Control Melatonin 
Potassium 
Fertilizer 

Melatonin + 
Potassium Fertilizer 

Non-LED 26.68 a 
A 

27.33 a 
AB 

26.60 a 
A 

28.40 b 
B 

LED 28.33 b 
B 

28.00 a 
B 

26.90 a 
AB 

26.23 a 
A 

Note: Means followed by the same letter are not significantly different according to DMRT at the 5% significance 
level. Lowercase letters show comparisons between the two lighting treatments in the same treatment (vertical 
comparison), while uppercase letters show comparisons between treatments in the same lighting condition 
(horizontal comparison).  
 
 
 



Jurnal Kultivasi Vol. 25 (2) August 2026 137 

ISSN: 1412-4718, eISSN: 2581-138x 

Nurizqia GM, Farida, Hindersah R, Endo K, Budiarto R, Mubarok S. 2026. The effects of Melatonin and Potassium fertilizer  
on fruit yield and quality of ‘Haruhi’ strawberry under two light conditions. Jurnal Kultivasi, 25 (2): 130-140. 

Table 8. Interaction effect of lighting, Melatonin, and Potassium fertilizer on the fruit weight of ‘Haruhi’ 
strawberry  

Treatment 

Fruit Weight (g) 

Control Melatonin 
Potassium 
Fertilizer 

Melatonin + 
Potassium Fertilizer 

Non-LED 9.29 a 
A 

9.85 a 
A 

9.64 a 
A 

11.58 b 
B 

LED 10.47 b 
A 

10.07 a 
A 

9.35 a 
A 

9.32 a 
A 

Note: Means followed by the same letter are not significantly different according to DMRT at the 5% significance 
level. Lowercase letters show comparisons between the two lighting treatments in the same treatment (vertical 
comparison), while uppercase letters show comparisons between treatments in the same lighting condition 
(horizontal comparison). 
 

Table 9. Interaction effect of lighting, Melatonin, and Potassium fertilizer treatments on the fruit weight 
of ‘haruhi’ strawberry  

Treatment 

Total Soluble Solid (°Brix) 

Control Melatonin 
Potassium 
Fertilizer 

Melatonin + 
Potassium Fertilizer 

Non-LED 8.65 a 
A 

10.03 b 
B 

9.60 b 
B 

9.58 b 
B 

LED 8.69 a 
A 

9.08 a 
A 

8.73 a 
A 

8.78 a 
A 

Note: Means followed by the same letter are not significantly different according to DMRT at the 5% significance 
level. Lowercase letters show comparisons between the two lighting treatments in the same treatment (vertical 
comparison), while uppercase letters show comparisons between treatments in the same lighting condition 
(horizontal comparison).  
 

 
Previous research has shown that melatonin 

positively impacts fruit yield by enhancing 
photosynthetic efficiency and the activity of 
growth-related enzymes. According to Okatan et 
al. (2022), melatonin treatment significantly 
increases strawberry yield and fruit weight, 
especially under greenhouse. Besides that, 
Schwarz et al. (2018) reported that potassium 
treatment increases strawberry fruit weight by 
supporting sugar transport, osmotic regulation, 
and protein synthesis. In addition, foliar 
application of potassium has proven more 
effective at increasing fruit weight when applied 
at optimal concentrations (Shkwr et al., 2022).  

Total Soluble Solid. Based on Table 9, the 
application of melatonin, potassium fertilizer, 
and their combination significantly increased the 
TSS values of ‘Haruhi’ strawberry fruit under 
non-LED treatment compared to the control. 
Otherwise, no significant differences were 
observed under LED treatment, which shows that 
treatment effectiveness depends on the lighting 
conditions. These findings align with the results 

of Sobari et al. (2026), who reported that 'Haruhi' 
strawberries grown under non-LED treatment 
show higher TSS values compared to those under 
LED treatment. Under non-LED treatment, 
suitable natural light likely enhanced 
photosynthesis and promoted higher sugar 
accumulation within the ‘Haruhi’ strawberry 
fruit. 

Melatonin has been reported to enhance 
photosynthetic activity by reducing chlorophyll 
degradation and improving chloroplast function 
(Zhang et al., 2013), which contributes to higher 
sugar accumulation in fruits. Potassium also 
plays an important role in carbohydrate synthesis 
and sugar transport from leaves to fruit. Previous 
studies have shown that potassium treatment 
increases sweetness level and overall fruit quality 
(Valentinuzzi et al., 2018). Therefore, the 
combination of optimal lighting, melatonin, and 
potassium fertilizer can synergistically enhance 
photosynthesis and sugar accumulation, 
resulting in higher fruit TSS values and improved 
fruit quality.
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Conclusion 
 
Significant interactions were observed between 
lighting treatment and the application of 
melatonin and potassium fertilizer on the yield 
and fruit quality of 'Haruhi' strawberry. The 
combination of non-LED lighting with melatonin 
and potassium fertilizer produced the best fruit 
diameter (28.40 mm) and fruit weight (11.58 g). 
Under non-LED lighting, the interaction with 
melatonin resulted in the highest TSS (10.03 
°Brix), while the interaction with the control 
treatment produced the highest number of 
flowers (20.66 flowers). Under LED lighting, the 
interaction with melatonin produced the 
numerically highest number of fruits (16.88 
fruits), but it was not significantly different from 
the control treatment. Non-LED lighting was also 
the best independent treatment for plant height 
(23.49 cm), number of leaves (16.88 leaves), and 
fruit length (30.58 mm) of 'Haruhi' strawberry. 
For independent treatments, potassium fertilizer 
resulted in the numerically highest leaf number 
(17.31 leaves), although this was not significantly 
different from the control, whereas the control 
treatment produced the highest plant height 
(24.63 cm). For future research, it is 
recommended that experiments be conducted 
during two different seasons to evaluate the 
impact of varying environmental conditions. 
Supplemental LED lighting showed no 
significant results in this research because of high 
intensity of solar radiation in Indonesia remains 
relatively stable throughout the year. Therefore, 
the use of supplemental lighting is not 
recommended for future research, considering 
energy efficiency and operational costs. 

 
 

Acknowledgments  
 
The research operation was fully covered by 
Universitas Padjadjaran, Japan Premium 
Vegetables (JPV), and Japan International 
Research Center for Agricultural Sciences 
(JIRCAS).  
 
 

References 
 
Ahmed YM, Abed JM. 2024. Effect of melatonin 

and β-amino butyric acid (BABA) against 
the fungus Botrytis cinerea growth and 

yield in strawberry. Anbar Journal of 
Agricultural Sciences, 22(1): 369-382. 

Battino M, Forbes-Hernandez T, Gasparrini M, 
Afrin S, Mezzetti B, Giampieri F. 2016. The 
effects of strawberry bioactive compounds 
on human health. Acta Hortic, 1156: 355-362. 

Cetner MD, Dąbrowski P, Samborska IA, Kalaji 
MH. 2015. Measuring light spectrum as a main 
indicator of artificial sources quality. Journal 
of Coastal Life Medicine, 3(5): 400-406. 

Chen L, Xu M, Liu C, Hao J, Fan S, Han Y. 2022. 
LsMYB15 regulates bolting in leaf lettuce 
(Lactuca sativa L.) under high-temperature 
stress. Frontiers in Plant Science, 13: 921021. 

EFSA Panel on Plant Health (PLH), Bragard C, 
Dehnen-Schmutz K, Di Serio F, Gonthier P, 
Jacques MA, et al. 2019. Pest categorisation 
of non-EU Acleris spp. EFSA Journal, 17(10). 

Ferreira L, Oliveira V, Marchiori JJ, Ferreira TC, 
Bernabé ACB, Boone GTF, et al. 2023. The 
nutrient magnesium in soil and plant: a 
review. International Journal of Plant & Soil 
Science, 35(8): 136-144. 

Guiamba HDSS, Zhang X, Sierka E, Lin K, Ali 
MM, Ali WM, et al. 2022. Enhancement of 
photosynthesis efficiency and yield of 
strawberry (Fragaria ananassa Duch.) plants 
via LED systems. Frontiers in Plant Science, 
13: 918038. 

Hanif Z, Ashari H. 2014. Pengaruh pemberian 
pupuk kalium nitrat (KNO3) terhadap hasil 
panen buah stroberi (Fragaria × ananassa). 
Prosiding Seminar Nasional Perhorti, 7: 14. 

Hasibuan HS, Widiati BR, Numba S, Pagalla DB, 
Rochman F, Dewanti P, Dewi R, Oktatora E, 
Warnita, Hosang EY, Nurwendah AS. 2024. 
Fisiologi tanaman. Padang: CV Hei 
Publishing Indonesia. 

Hastilestari BR, Pantouw CF. 2015. Pengaruh 
cekaman panas terhadap daun stroberi 
(Fragaria L. Elsanta). Pros Sem Nas Masy 
Biodiv Indon, 1(4): 860-863. 

Ho LH, Rode R, Siegel M, Reinhardt F, Neuhaus 
HE, Yvin JC, et al. 2020. Potassium 
application boosts photosynthesis and 
sorbitol biosynthesis and accelerates cold 
acclimation of common plantain (Plantago 
major L.). Plants, 9(10): 1259. 

Kadir S, Sidhu G, Al-Khatib K. 2006. Strawberry 
(Fragaria × ananassa Duch.) growth and 
productivity as affected by temperature. 
HortScience, 41(6): 1423. 

Khammayom N, Maruyama N, Chaichana C. 
2022. The effect of climatic parameters on 



Jurnal Kultivasi Vol. 25 (2) August 2026 139 

ISSN: 1412-4718, eISSN: 2581-138x 

Nurizqia GM, Farida, Hindersah R, Endo K, Budiarto R, Mubarok S. 2026. The effects of Melatonin and Potassium fertilizer  
on fruit yield and quality of ‘Haruhi’ strawberry under two light conditions. Jurnal Kultivasi, 25 (2): 130-140. 

strawberry production in a small walk-in 
greenhouse. AgriEngineering, 4(1): 104-121. 

Ling Y, Xiang Y, Ma Z, Shen L, Dai P. 2026. 
Emission spectrum matched-degree 
approaching 99.4% sunlight-like full-
spectrum white-light phosphors. Ceramics 
International, 52(7): 8382-8389. 

Liu J, Van Iersel MW. 2021. Photosynthetic 
physiology of blue, green, and red light: 
light intensity effects and underlying 
mechanisms. Frontiers in Plant Science, 12: 
619987. 

Manafi H, Baninasab B, Gholami M, Talebi M, 
Khanizadeh S. 2022. Exogenous melatonin 
alleviates heat-induced oxidative damage in 
strawberry (Fragaria × ananassa Duch. cv. 
Ventana) plant. Journal of Plant Growth 
Regulation, 41(1): 52-64. 

Mohmed G, Heynes X, Naser A, Sun W, Hardy K, 
Grundy S, Lu C. 2023. Modelling daily plant 
growth response to environmental 
conditions in Chinese solar greenhouse 
using Bayesian neural network. Scientific 
Reports, 13(1): 4379. 

Nakro A, Bamouh A, El Khatib O, Ghaouti L. 
2022. Effect of potassium source and dose on 
yield and quality of strawberry fruit. 
American Journal of Plant Sciences, 13(9): 
1196-1208. 

Nassarawa SS, Abdelshafy AM, Xu Y, Li L, Luo 
Z. 2021. Effect of light-emitting diodes 
(LEDs) on the quality of fruits and 
vegetables during postharvest period: a 
review. Food and Bioprocess Technology, 
14(3): 388-414. 

Naznin MT, Lefsrud M, Gravel V, Hao X. 2016. 
Using different ratios of red and blue LEDs 
to improve the growth of strawberry plants. 
VIII International Symposium on Light in 
Horticulture, 1134: 125-130. 

Nunes MCN, Dea S. 2014. Bioactive compounds 
in strawberry fruit exposed to optimum and 
sub-optimum relative humidity. XXIX 
International Horticultural Congress on 
Horticulture: Sustaining Lives, Livelihoods 
and Landscapes (IHC2014), II 1117: 231-236. 

Okatan V, Aşkın MA, Polat M, Bulduk I, Çolak 
AM, Güçlü SF, et al. 2022. Effects of 
melatonin dose on fruit yield, quality, and 
antioxidants of strawberry cultivars grown 
in different crop systems. Agriculture, 13(1): 
71. 

Peng X, Wang B, Wang X, Ni B, Zuo Z. 2020. 
Effects of different colored light-quality 

selective plastic films on growth, 
photosynthetic abilities, and fruit qualities 
of strawberry. Horticultural Science and 
Technology, 38(4): 462-473. 

Rana K, Kaushal B, Sharma HK, Kumar P, Thakur 
M. 2023. Impact of bumble bee pollination 
on strawberry production under protected 
conditions. Indian J. of Entomology, 21-24. 

Roosta HR, Bikdeloo M, Ghorbanpour M. 2024. 
The growth, nutrient uptake and fruit 
quality in four strawberry cultivars under 
different spectra of LED supplemental light. 
BMC Plant Biology, 24: 179. 

Schwarz K, Vilela-Resende JT, Pierozan-Junior C, 
Paula JTD, Baier JE, de Souza-Silva ML, 
Brendler-Oliveira F. 2018. Yield and 
nutrition of greenhouse-grown strawberries 
(Fragaria × ananassa (Duchesne ex Weston) 
Duchesne ex Rozier. cv. Camarosa) as 
affected by potassium fertilization. Acta 
Agronómica, 67(1): 114-119. 

Shkwr CY, Khalid H, Majeed N. 2022. A 
comparative study of foliar and soil potassium 
fertilizer on growth and yield of strawberry 
cultivated in non-heated greenhouses. 
Agricultural Science, 5(2): 109-114. 

Simorangkir C. 2015. Pemberian pupuk urin 
kelinci (Leporidae) dan KNO3 pada 
pertumbuhan dan hasil tanaman stroberi 
(Fragaria sp.). [Disertasi]. Universitas 
Brawijaya. 

Smith BJ, Rezazadeh A, Stafne ET, Sakhanokho 
HF. 2022. Effect of light-emitting diodes, 
ultraviolet-B, and fluorescent supplemental 
greenhouse lights on strawberry plant 
growth and response to infection by the 
anthracnose pathogen Colletotrichum 
gloeosporioides. HortScience, 57(8): 856-
863. 

Sobari E, Wicaksana N, Suwali N, Hindersah R, 
Nakayama M, Endo K, et al. 2026. Effect of 
day length on growth, flowering, and yield 
of three strawberry varieties in a tropical 
climate. International Journal of 
Horticultural Science and Technology, 13(3): 
575-592. 

Stewart PJ, Folta KM. 2010. A review of 
photoperiodic flowering research in 
strawberry (Fragaria spp.). Plant Sci, 29: 1-
13. 

Tang Y, Ma X, Li M, Wang Y. 2020. The effect of 
temperature and light on strawberry 
production in a solar greenhouse. Solar 
Energy, 195: 318-328. 



140  Jurnal Kultivasi Vol. 25 (2) August 2026 

 ISSN: 1412-4718, eISSN: 2581-138x 

Nurizqia GM, Farida, Hindersah R, Endo K, Budiarto R, Mubarok S. 2026. The effects of melatonin and potassium fertilizer  
on fruit yield and quality of ‘Haruhi’ strawberry under two light conditions. Jurnal Kultivasi, 25 (2): 130-140. 

Trejo-Téllez LI, Gómez-Merino FC. 2014. 
Nutrient management in strawberry: effects 
on yield, quality and plant health. 
Strawberries: Cultivation, Antioxidant 
Properties and Health Benefits: 239-267. 

Valentinuzzi F, Maver M, Fontanari S, Mott D, 
Savini G, Tiziani R, Pii Y, Mimmo T, Cesco 
S. 2018. Foliar application of potassium-
based fertilizer improves strawberry fruit 
quality. Acta Hortic, 1217: 379-384. 

Wu W, Chen L, Liang R, Huang S, Li X, Huang B, 
et al. 2025. The role of light in regulating 
plant growth, development and sugar 
metabolism: a review. Frontiers in Plant 
Science, 15: 1507628. 

Yoshida Y. 2013. Strawberry production in Japan: 
history and progress in production technology 
and cultivar development. International 
Journal of Fruit Science, 13(1-2): 103-113. 

Zahedi SM, Hosseini MS, Abadia J, Marjani M. 
2020. Melatonin foliar sprays elicit salinity 
stress tolerance and enhance fruit yield and 
quality in strawberry (Fragaria × ananassa 

Duch.). Plant Physiology and Biochemistry, 
149: 313-323. 

Zhang G, Ding X, Wen Z, Liu C, Nguyen DTP, 
Song J, Zhang Z, Yan Z, Wang Y, Yan Z. 
2026. Light regulation across strawberry 
growth stages: a comprehensive review. 
Phyton-International Journal of 
Experimental Botany, 95(2). 

Zhang N, Zhao B, Zhang HJ, Weeda S, Yang C, 
Yang ZC, et al. 2013. Melatonin promotes 
water-stress tolerance, lateral root 
formation, and seed germination in 
cucumber (Cucumis sativus L.). Journal of 
Pineal Research, 54(1): 15-23. 

Zhen S, Iersel MW, Bugbee B. 2022. 
Photosynthesis in sun and shade: the 
surprising importance of far-red photons. 
New Phytologist, 236: 538-546. 

Zou J, Wang Z, Huang H, Huang X, Shi M. 2025. 
A low-energy lighting strategy for high-
yield strawberry cultivation under 
controlled environments. Agronomy, 15(5): 
1130.

 
 
 


