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Abstract

Melon is an economically important horticultural crop, yet its productivity and fruit quality
are often constrained by suboptimal cultivation practices. Biosaka, a biostimulant
containing natural elicitors, has the potential to enhance physiological performance and
fruit traits, but its effective concentration remains unclear. This study evaluated the optimal
concentration of biosaka spray for improving physiological traits and fruit quality of Inodorus
melon. A non-factorial completely randomized design was applied with six concentrations
(0, 10, 20, 30, 40, and 50 mL L"), each with four plants and replications, totaling 96
experimental units. Biosaka application did not have significant effect on chlorophyll
content, chlorophyll a/b ratio, stomatal density, biomass, net assimilation rate, or harvest
index. In contrast, it significantly increased leaf area index (LAIl) and fruit quality attributes.
Polynomial regression predicted an optimal concentration of 26.5 mL L' for LAl (0.845).
Concentrations between 31.0 and 50.7 mL L' produced optimal fruit traits, including fruit
weight, diameter, total soluble solids, and edible portion. Correlation analysis indicated
weak relationships between LAl and physiological parameters, while strong positive
associations were found between biomass and NAR, and negative associations between
HI and biomass. Overall, biosaka at 26.5 - 50.7 mL L' is optimal for enhancing melon fruit
quality, though further studies are required to characterize its elicitor compounds.
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1. Introduction
Biosaka is a natural biostimulant formulated by Indonesian farmers, consisting of organic

compounds that act as elicitors. It is primary applied to enhance plant productivity by
stimulating physiological processes and providing protection against plant pathogens
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(Elimasni & Nasution, 2024). Several studies have reported that biosaka contibutes to
sustainable crop production by supporting plant nutrition and reducing reliance on chemical
inputs (Umam et al., 2025). Weeds are often used as a biomass source for biosaka, since
they contain both nutrients and bioactive compounds with potential elicitor activity (Indratmi
et al.,, 2024). Notable examples include Ageratum conyzoides L., Elephantopus mollis
Kunth., and Euphorbia hirta L., which are rich in bioactive compounds such as flavonoids
and saponins that may trigger physiological responses in plants (Wang et al., 2023b).
These species also contain essential macronutrients, including nitrogen (N), phosphorus
(P), and potassium (K), which are important for plant growth (Gusain et al., 2018). Although
biosaka is not classified as a conventional fertilizer, it has been reported to act as a natural
biostimulant with potential elicitor-like activity that stimulate secondary metabolite
synthesis, strengthens plant defense mechanisms, and regulates physiological activity
(Verma et al., 2024).

Elicitors are known to stimulate physiological processes due to their diverse range
of bioactive compounds. For instance, the application of elicitors in corn at a concentration
of 3 g L' has been shown to improve gas exchange, photosynthetic rate, stomatal
conductance, and water use efficiency (Martins et al., 2021). Elicitors can also enhance
antioxidant activity in plants exposed to biotic and abiotic stresses (Song et al. 2020).
Salicylic acid, for example, was reported to improve tolerance to salinity (Ansari et al.,
2022). In corn grown under suboptimal conditions, elicitor application increased relative
water content, activated antioxidant enzymes, and reduced oxidative damage by lowering
malondialdehyde (MDA) and hydrogen peroxide (H202) levels (Siddique et al., 2025).
Likewise, foliar application of chitosan lactate (150 mg L"), sodium selenite (10 mg L"),
and salicylic acid (100 mg L") suppressed oxidative stress, promoted the accumulation of
phenolic acids and flavonoids, and stimulated overall plant metabolism (Stasinska-Jakubas
et al., 2023). While most of these studies were focused on plant responses under stress
conditions, limited information is available on the role of elicitors in enhancing crop growth
and fruit quality under normal cultivation practices.

Melon is one of the most important horticultural crops worldwide and is widely
cultivated in Indonesia. It has high economic value in both domestic and export markets,
with consumer demand strongly driven by fruit size, sweetness, and overall quality. Melon
in Inodorus group, in particular, are highly valued for its firm texture, and extended shelf
life, and consumers demonstrate preference for sweetness and aroma (Habibah et al.,
2025). However, melon cultivation often faces challenges such as susceptibility to pests
and diseases, inconsistent fruit weight and diameter, and relatively low sweetness levels,
which reduce market competitiveness. Farmers commonly rely on chemical fertilizers and
pesticides to address these problems, but excessive use of these inputs can increase
production costs and harm the environment (Mejia-Guerra et al., 2025). Therefore, there
is a strong need to explore eco-friendly alternatives such as biosaka to improve melon yield
and fruit quality in a sustainable manner.

Based on the rationale, it is hypothesized that biosaka, with its rich content of
elicitor and nutrients, could improve physiological activity and fruit quality in /nodorus
melon. This study aimed to determine the optimal concentration of biosaka spray and to
evaluate its effectiveness in improving the physiological traits and fruit quality of /nodorus
melon.
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2. Materials and Methods

2.1 Study site

The study was conducted at the Screen House of Universitas Perjuangan Tasikmalaya,
Indonesia (7°21°17.6”S 108°13’17.8"E) from November 2023 to January 2024. Biosaka
was prepared using biomass collected from the Agricultural Incubator area of Universitas
Perjuangan Tasikmalaya (7°21'12.4"S 108°13'14.3"E). The dominant weed species used
as raw materials for biosaka production included Ageratum conyzoides L., Elephantopus
mollis Kunth., and Euphorbia hirta L., which are known to contain flavonoids, saponins,
and essential macronutrients.

The experiment was arranged in completely randomized design (CRD) with six
treatments of biosaka spray concentrations: 0 mL L' (control), 10 mL L', 20 mL L-*, 30 mL
L', 40 mL L', and 50 mL L-'. Each treatment consisted of four plants per treatment, with
four replications, resulting in a total of 96 experimental units. Plants in the control group
were sprayed with distilled water and served as a positive control for physiological and fruit
quality comparisons.

2.2 Study procedures

Biosaka was produced using a variety of disease-free plant species, including Ageratum
conyzoides L., Elephantopus mollis Kunth., and Euphorbia hirta L. Approximately 500 g of
leaves of each plant were thoroughly washed with distilled water and then subjected to a
gentle squeezing process in 5 L of water. The mixture was stirred for 10 to 15 min until the
liquid turned dark brown and exhibited a homogeneous consistency. To confirm the
nutritional composition, the levels of organic-C and macronutrients (N, P, and K) were
analyzed at the Laboratory of Soil Chemistry and Plant Nutrition of Padjadjaran University.
The results (Table 1) showed that biosaka contained very low levels of organic-C and
macronutrients, all of which fell below the minimum criteria established by the Soil and
Fertilizer Instrument Standard Testing Center of Indonesia (2023).

Table 1. Analysis of organic-C and macronutrient content in Biosaka

Parameters Unit Results Criteria
Organic-C % 2.74 very low (min 10)
Macronutrient
N-total % 0.12 very low (2-6)
P20s potential % 0.03 very low (2-6)
K20 potential % 0.04 very low (2-6)

Notes: Biosaka content analyzed in Laboratory of Soil Chemical and Plant Nutririon,
Padjadjaran University; criteria based on The Soil and Fertilizer Instrument Standard
Testing Center Indonesia (2023).

Melon seeds of the Golden Alisha F1 variety (/nodorus type) were sown in seedling
trays for 14 days using a 1:1 (w/w) mixture of soil and cow manure as the planting medium.
The seedlings were transplanted into polybags (50 x 25 cm) filled with cocopeat, rice husks,
and cow manure at a ratio of 1:1:2 (w/w/w). Transplanting was carried out in the afternoon
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(16.00-17.00). Plant maintenance involved daily irrigation at a rate of 1 L plant-', removal
of lateral shoots, manual pollination, and routine weeding. Pest and disease control was
primarily preventive through sanitation, weeding, and removal of infected plant parts.
Synthetic pesticide was applied only when pest incidence exceeded the economic
threshold. Biosaka was applied as a foliar spray at a rate of 500 mL plant-! at 2, 4, and 6
weeks after planting (WAP), between 07.00-09.00 in the morning when stomata were
actively open. Harvesting occurred in the morning, typically 70-85 days after planting (DAP)
when the fruit exhibited a deep yellow peel color, the fruit stalks and leaves had dried, and
the fruit emitted a distinct fresh aroma.

2.3 Physiological traits and fruit quality

Estimation of the LAl was determined by measuring the leaf area per plant using ImageJ
version 1.54 g. Calibration was required to ensure that the captured image size accurately
reflected the actual dimensions of the plant. The LAl was calculated using equation 1,
following the modified method by Mendoza-Pérez et al. (2017). Chlorophyll content was
estimated by extracting 1 g of leaf tissue with 20 mL of analytical-grade acetone. The
mixture was filtered through Whatman No. 42 filter paper to obtain the filtrate. The
absorbance of the filtrate was measured at wavelengths of 663 nm and 645 nm using a
UV-VIS 752AP spectrophotometer as described by Arnon (1949). The total chlorophyll
content and the chlorophyll a/b ratio were calculated using equations 2 and 3, respectively.

1

ground area

LAI = x leaf area (1)

Total chlorophyll content (mg g-') = [20.2 x A645] + [8.02 x A663] (2)

[12.7 x D663]—[2.69 x D645]
3)
[22.9 x D645]—[ 4.68 x D663]

Chlorophyll a/b ratio =

Stomatal density was determined using the nail polish imprint method (Zhu et al.,
2018). First, the leaves were cleaned of dirt, after which the underside of the leaves was
coated with clear nail polish. Once the nail polish had dried, it was gently peeled off with
tape and mounted on a glass slide. Stomatal observations were performed at 40x
magnification using the Euromex Novex Microscope B & B* Series and OptiLab Advance
Lite. LAI, total chlorophyll content, and stomatal density were measured at 7 WAP. The
plant biomass, including shoots and roots, was measured using a destructive sampling
method. The shoots and roots from the planting medium were cleaned and washed with
water to remove any remaining soil. The plant organs were placed in envelopes and dried
in a Memmert Type UN260 oven at 80°C for 48 h. After drying, the shoots and roots were
weighed on a JOIL digital scale with an accuracy of 0.01 x 500 g to determine the plant
biomass. The NAR was calculated using Equation 4, based on leaf area and plant biomass
data collected when the plant was 4 and 7 WAP following the method by Jumin et al.
(2025). Furthermore, the HI, which was the ratio of economic yield to biological yield, was
calculates as specified in equation 5, according to Ren et al. (2022).

W2-w1  LnA2-LnAl
A2—-A1 t2—-t1

NAR (g cm?2 week™") = (4)

_ economical yield

®)

biological yield
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Where: W2 = plant biomass at 7 WAP; W1 = plant biomass at 4 WAP; A2 = leaf area at 7
WAP); A1 = leaf area at 4 WAP; t2 = observation time at 7 WAP; and t1 = observation time
at 4 WAP.

The harvested fruit was measured in diameter using a caliper at midpoint. The
edible portion was estimated as the ratio of fruit flesh to peel, following the modified method
of Fundo et al. (2018). Determination of TSS was performed using the R9500 MT-032 BIRX
Refractometer, with liquid extracted from the fruit and placed on the refractometer's lens.
The TSS value was displayed on the device's screen in °Brix units. Additionally, the weight
of the harvested fruit was measured using a JOIL digital scale with an accuracy of 0.1 x 3
kg. All variables were observed using two sample plants from each treatment in every
replication. All variables were observed using two sample plants from each treatment in
every replication.

2.4 Data analysis

The data analysis used an F-test, followed by Duncan’s Multiple Range Test (DMRT) a=
5% for post-hoc comparison. We conducted a polynomial regression analysis to optimize
biosaka concentration. Pearson correlation analysis was used to examine relationships
among physiological traits, and the results were visualized with a heatmap. In addition,
principal component analysis (PCA) was performed to group the measured variables
according to biosaka concentration and to identify the most influential traits contributing to
treatment differences. All data are presented in Tables and graphs. Statistical analysis
using Statistical Tools for Agricultural Research and Microsoft Excel Office 2019.

3. Results and Discussion
3.1 Physiological trait

Leaves play a crucial role in regulating the physiological processes that underpin
photosynthesis, transpiration, and respiration (Nasrudin et al., 2025). The absorption of
photons by chlorophyll in the chloroplast leads to the accumulation of assimilates, which
directly influences plant growth and development (Li et al., 2024). The amount of sunlight
intercepted by leaves and transmitted to the plant is often quantified using the LAl
(Mendoza-Pérez et al., 2017). As illustrated in Figure 1, the application of biosaka
significantly enhanced the LAI. Based on regression analysis, the predicted optimum
concentration of biosaka was 26.5 mL L', which corresponded to an LAl value of 0.845.
The optimum values were not directly tested as a treatment but derived statistically from
the response curve. Although the present study did not directly measure the level of elicitor
compounds in biosaka, previous reports indicate that biosaka contains bioactive elicitors
that may stimulate vegetative plant growth.

Elicitors in biosaka contain external compounds that stimulate plant physiological
processes, resulting in an increased LAI. According to Harvey et al. (2022), several elicitors
can enhance the rate of photosynthesis by activating the enzyme ribulose-1,5-
bisphosphate carboxylase/oxygenase (Rubisco). Furthermore, elicitors influence the
hormonal balance within plants, which plays a key role in regulating plant growth (Humbal
& Pathak, 2023), contributing to the observed increase in LAI. For example, salicylic acid
as an elicitor has been reported to promote leaf expansion in Achillea millefolium L. (Gorni
et al., 2021), while jasmonic acid contributes to salinity stress mitigation in wheat, thereby
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Figure 1. The correlation between leaf area index and biosaka concentrations

supporting vegetative development (Sheteiwy et al., 2022). These findings highlight the
broader role of elicitors in regulating leaf area and canopy development across plant
species, which may also explain the improved LAI observed in melon treated with biosaka.
An increase in total leaf area, in turn, enhances the amount of sunlight interception by the
plant, further supporting its growth and development.

The increase in LAl at a concentration of 26.5 mL L-' caused optimal total
chlorophyll content of 54,980 mg g-' and a chlorophyll a/b ratio of 1.766. The elevated
chlorophyll content plays a significant role in intercepting sunlight to enhance the
photosynthesis rate (Simkin et al., 2022). Additionally, a high chlorophyll a/b ratio suggests
that chlorophyll a is indispensable in the photochemical processes of photosynthesis,
serving both in light harvesting and in converting intercepted photons into chemical energy
(Biswal et al., 2024). The concentration of biosaka between 20 mL L-" and 30 mL L' can
contain optimal elicitors that activate enzymes involved in chlorophyll syntheses, such as
protochlorophyllide oxidoreductase (POR) for chlorophyll biosynthesis (Nguyen et al.,
2021). Additionally, the light interception by chlorophyll can increase the photosynthesis
rate and is also influenced by the amount of CO2 absorbed through the stomata.

Stomata are small pore-like structures located on the leaf surface that play a critical
role in gas exchange during photosynthesis, respiration, and transpiration (Wang et al.,
2024). During photosynthesis, carbon dioxide (CO2z) from the atmosphere is absorbed
through the stomata, serving as a key substrate for carbon fixation. In addition, stomata
are involved in regulating guard cell activity and water evaporation during transpiration
(Wang et al., 2020; Ding et al., 2024).

In this study, stomatal density did not differ significantly among treatments (Table
2). Although the present study did not directly analyze the elicitor compounds contained in
biosaka, previous reports suggest that elicitors may regulate epidermal cell differentiation
through signaling pathways involving phytohormones and reactive oxygen species.
Therefore, the increase in stomatal density observed in this study is presumed to be
associated with the presence of elicitor-like compounds in biosaka. Further studies are
needed to directly verify the type and level of elicitors and their specific role in stomatal
development.
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Table 2. Effects of biosaka spray on total chlorophyll content, chlorophyll a/b ratio, and
stomatal density of Inodorus melon

Biosaka concentration Total Chlorophyll Chlorophyll a/b Stomatal

(mg g™) Ratio Density (mm?)
0mL L! 54.420 1.305 1488
10 mL L 52.570 1.412 2150
20 mL L 54.980 1.078 2075
30 mL L 49.410 1.766 1550
40 mL L 49.990 1.667 1763
50 mL L 53.870 1.318 2012
ANOVA (P-value) 0.194 0.069 0.193

In this study, LAI primarily reflected canopy-level morphological traits such as leaf
area and number of leaves. This canopy traits are not directly associated with leaf-level
physiological traits. Chlorophyll content and stomatal density are strongly regulated by
environmental factors and leaf anatomical characteristics rather than by canopy size.
Similarly, the chlorophyll a/b ratio reflects leaf adaptation to light conditions, which may
vary independently of LAl (Mibu et al., 2025). Therefore, variations in these physiological
parameters do not necessarily correspond with changes in LAI.

The stomatal density was affected by biosaka at concentrations ranging from 10-
20 mL L', which increased the number of stomata (Figures 2b, 2c, 2f). Stomatal density
refers to the number of stomata per unit area of the leaf surface and significantly influences
the rate of gas exchange of CO2 and O: in plants. A higher stomatal density indicates a
higher number of stomata on the leaf surface and facilitates increased gas exchange,
thereby enhancing photosynthetic activity (Vrablova et al., 2017). An increase in
photosynthesis rate can produce the assimilates, supporting more efficient plant growth
(Punia et al., 2020). However, the number of stomata per unit leaf area also affects the
volume of water vapor lost through transpiration. Therefore, a balance between CO:2 and
02 gas exchange and water vapor evaporation is crucial to ensure that metabolic
processes within the plant remain optimal. The increase in metabolic activity, particularly
the photosynthesis rate, will influence the accumulation of assimilates stored in various
plant organs.

Assimilates produced through photosynthesis are stored in various plant organs,
particularly shoots and roots. The results of this study showed that biosaka concentration
did not significantly affect PB, SB, RB, and NAR, although concentrations between 10-30
mL L' tended to promote higher biomass accumulation (Table 3). As shown in Table 4, PB
and SB exhibited a very strong positive correlation (R2= 0.999), indicating that increases in
shoot growth were consistently accompanied by increases in total plant biomass. Similarly,
RB showed a positive correlation with PB and SB, suggesting that root biomass contributes
to the overall growth response. Previous studies also reported that applying elicitors at
specific concentrations, such as 20 mL L', enhanced the synthesis of secondary
metabolites that support biomass formation (Namin et al. 2022). These bioactive
compounds can improve photosynthesis rate, water uptake, and nutrient absorption,
thereby promoting shoot and root growth. Moreover, biosaka application has been
associated with increased IAA hormone production, which plays a crucial role in root
development, cell differentiation, and protein synthesis, further boosting plant biomass
(Frick & Strader, 2018; Sun & Shahrajabian, 2025).
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Figure 2. Stomatal density using microscope with 40x magnification with biosaka
concentration of (a) 0 mL L-*; (b) 10 mL L-'; (c) 20 mL L-*; (d) 30 mL L-'; (e) 40 mL L-; (f)
50 mL L'

Table 3. Effects of biosaka spray on plant biomass, shoot biomass, root biomass, net

assimilation rate, and harvest index of Inodorus melon

Biosaka Concentrations PB(g) SB(g) RB(g) NAR HI
0 mL L 70.653  70.100  0.554 1.883  17.373
10 mL L 72110 71500  0.611 0.858  20.787
20 mL L 73465 72725  0.741 2224 19173
30 mL L 78573 77.800  0.774 1.234 20912
40 mL L™ 70.168  69.675  0.492 1117 21.450
50 mL L 71453 70550  0.902 1.515  23.308
ANOVA (P-value) 0.903 0.909 0.116 0.124 0.427

Notes: PB (plant biomass); SB (shoot biomass); RB (root biomass); NAR (net assimilation

rate); HI (harvest index)
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Table 4. Pearson correlation analysis among all observed variables

LAl  ChIT Chlalb StoD PB SB RB HI NAR
LAI 1 0221 0059 0117 0137 0.132 0200 0.068 -0.217
chIT -0.221 1 0.088 0.142 0138 0221 -0171  0.563
Chlab  0.059 1.-0.024 -0244 -0.238 -0.344 0232 | -0.555
StoD 0.117 0.088  -0.024 1| -0.077 -0.077 -0.001  0.096 -0.126
PB 0.137 0.142  -0.244 -0.077 1 0999 0.299 0.449
SB 0.132 0.138  -0.238 -0.077 | 0.999 1| 0.278 0.448
RB 0.260 0221 = -0.344 -0.001 0299 0.278 1] 0109  0.156
HI 0.068 -0.171  0.232 0.096_ 0.109 1 -0.458
NAR 0217 0563 0555 -0.126 0.449 0.448 0.156  -0.458 1

Notes: LAI (leaf area index), ChIT (total chlorophyll content), Chl a/b (chlorophyll a/b ratio),
StoD (stomatal density), PB (plant biomass), SB (shoot biomass), RB (root biomass, HI
(harvest index), NAR (net assimilation rate)

The increase in biomass was also reflected in the higher NAR value of 2.224 when
biosaka was applied at 20 mL L-'. A high NAR represents enhanced assimilate production
that can be stored in plant organs as reserves (Nasrudin et al., 2022). Correlation analysis
confirmed a positive relationship between NAR and biomass components (PB and SB), but
a negative relationship with chlorophyll a/b ratio (R?= -0.555), indicating that physiological
efficiency in biomass accumulation does not necessarily align with chlorophyll partitioning.

Regarding HI, biosaka application did not significantly affect its value (Table 3).
However, the correlation matrix (Table 4) showed a strong negative correlation between
Hl and PB or SB (R?=-0.748 and -0.756, respectively). This suggests that when assimilates
are directed toward vegetative biomass, the proportion translocated to fruits decreases,
and vice versa. A high HI value therefore reflects efficient allocation of assimilates to melon
fruit, while vegetative growth is relatively limited (Yang & Zhang, 2023). In addition, HI was
negatively correlated with NAR (R2=-0.458), which further supports the trade-off between
vegetative growth and reproductive sink allocation. These findings highlight the complexity
of assimilate partitioning, which is influenced by plant genetics, environmental factors, and
cultivation practices, including biosaka application (Porker et al., 2020).

3.2 Fruit quality

The quality of melon fruit is a key factor in consumer preference and influences various on-
farm and off-farm factors. Fruit quality generally encompasses several attributes, such as
taste, texture, physical appearance, and nutritional content (Farcuh et al., 2020). According
to the research findings, the biosaka application at 39.5 mL L' was the optimal
concentration, producing an edible portion of 73.68% (Figure 3a). The edible portion refers
to the proportion of the fruit’s flesh for consumption, excluding the skin. A higher value for
the edible portion indicates more fruit flesh available for consumption (Fundo et al., 2018).
When biosaka spray is applied at the optimal concentration, it enhances the production of
assimilates and promotes the formation of fruit flesh as a storage site for food reserves
(Falchi et al., 2020). Additionally, the edible portion directly influences the overall weight of
the fruit produced.
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Melon fruit weight becomes an important indicator of fruit quality and is influenced
by the amount of assimilates translocated during plant growth and development (Liu et al.,
2025). The application of biosaka at a concentration of 50.7 mL L-! resulted in a melon fruit
weight of 1599 g (Figure 3b). The accumulation of assimilates from photosynthesis during
on-farm growth largely determines the weight of the melon. Elicitors present in biosaka,
particularly at higher concentrations, are believed to enhance the rate of photosynthesis
and hormone accumulation, thereby promoting the formation of fruit tissues (Guru et al.,
2022). The gibberellin hormone plays a crucial role in cell elongation and division,
contributing to the increase in fruit size (Zhang et al., 2024). Furthermore, bioelicitor
compounds present in biosaka are suggested to stimulate starch synthase activity, which
is involved in starch and carbohydrate biosynthesis, thereby supporting the development
of larger and more robust fruit tissues (Wang et al., 2023a). Additionally, the elicitors in
biosaka contribute to an increase in the TSS.

TSS is a key indicator of the dissolved substances in fruit, particularly sugars such
as glucose, fructose, and sucrose (Junior et al., 2025). A higher TSS, reaching 14 °Brix,
indicates a higher sugar content in the fruit, which directly influences the sweetness of the
melon (Tzuri et al., 2025). In Indorous melon varieties, TSS increases primarily during on-
farm growth, with only slight changes occurring post-harvest. This condition is due to the
non-climacteric melon type, which exhibits very slow respiration activity after harvest
(Perotti et al., 2023). As such, the increase in TSS in this variety is closely related to the
fruit's ripeness. The optimal level of ripeness was influenced by the presence of elicitors in
biosaka, with a concentration of 31 mL L-! resulting in a TSS of 9.22 °Brix (Figure 4a). A
previous study reported that TSS content was affected by environmental conditions and
on-farm cultivation practices, including nutrient availability, optimal climate, and the
presence of hormones that facilitated fruit ripening (Li et al., 2024; Tian et al., 2024).
Therefore, a high TSS value also increases its appeal to consumers. In addition to TSS,
the fruit's diameter becomes another important quality indicator that can significantly
impact its economic value.

Similar to other fruit quality parameters, the application of biosaka at a
concentration of 38.6 mL L' resulted in a fruit diameter of 135.97 mm (Figure 4b). The
hormonal stimulation induced by the elicitors in biosaka plays a crucial role in promoting
cell division and elongation within fruit tissues during plant growth (Wang et al., 2023a).
Additionally, high photosynthetic rates increase carbohydrate production, which
contributes to the enlargement of the fruit, thereby enhancing its diameter. Plant genetics
factors also significantly influence fruit size through interact with elicitors, which may result
in different fruit enlargement (Hyun et al., 2021). Generally, biosaka contains elicitors and
hormones that enhance plant physiological activity and improve fruit quality. Optimal
concentrations of biosaka stimulate various metabolic activities in plants, particularly
photosynthesis, which directly influences the production of assimilates stored in the fruit as
food reserves in a permanent sink.

3.3 Principal component analysis (PCA)
Principal component analysis provided a comprehensive overview of the relationship
among physiological traits, quality parameters, and biosaka concentrations (Figure 5). The

first two principal components (PC1 and PC2) explained 52.81% and 22.65% of the total
variance, respectively.

10
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Figure 4. (a) The correlation between total soluble solids and biosaka concentration; and
(b) The correlation between fruit diameter and biosaka concentration

Along with PC1, LAI, chlorophyll a/b ratio, and harvest index were positively
aligned with treatments B2 (20 mL L") and B5 (50 mL L"), indicating that these
concentrations promoted vegetative growth and canopy development. Conversely, fruit
quality traits such as total soluble solids, edible portion, fruit diameter, and net assimilation
rate clustered in the upper positive quadrant of PC2, closely associated with treatments B1
(10 mL L") and B4 (40 mL L). This suggests that moderate biosaka concentrations
favored assimilate allocation to reproductive sinks, improving fruit quality traits.

The BO (control) was clearly separate in the negative PC1-PC2 quadrant, reflecting
poor performance across both vegetative and reproductive parameters. Treatment B3 (30
mL L-') was positioned in the upper left quadrant, indicating a distinct response compared
with other treatments. Although located on the positive side of PC2, its separation from B1
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Figure 5. PCA biplot of melon traits under biosaka treatments

and B4 suggests that 30 mL L' did not strongly associate with either vegetative
development or fruit quality improvement. Overall, the PCA confirmed that biosaka
concentrations exhibited differential effects, where moderate levels (10-30 mL L)
enhanced fruit quality attributes, while higher levels (30-50 mL L-') favored vegetative
development. This multivariate approach complements the univariate correlation analysis
(Table 4), highlighting the trade-off between vegetative and reproductive allocation under
biosaka treatments.

These patterns suggest that the function of biosaka in this study was not as a liquid
organic fertilizer but rather as a biostimulant acting through the action of elicitors. Elicitors
are bioactive compounds capable of stimulating physiological processes, enhancing
secondary metabolite production, and improving plant defense mechanisms. This mode of
action could account for the improvement in fruit quality at moderate biosaka concentration.
In contrast, higher concentrations tended to promote vegetative growth at the expense of
reproductive performance.

4. Conclusions

Biosaka application significantly improved the physiological performance and fruit quality
of Inodorus melon through its elicitor activity rather than its macronutrient content. The
optimal concentration for vegetative growth was 26.5 mL L', producing the highest LAI
(0.845), while concentrations between 31.0 and 50.7 mL L-' enhanced fruit weight,
diameter, total soluble solids, and edible portion. These findings indicate that Biosaka
concentrations in the range of 26.5-50.7 mL L' are optimal for maximizing both
physiological traits and fruit quality in melon cultivation. Further studies are required to
identify the specific elicitor compounds in biosaka and evaluate their synergistic role with
external nutrient supplementation.
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