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ABSTRACT 
 
Gac is widely recognized and in high demand as a nutritional product due to its rich carotenoid content, 
particularly lycopene and beta-carotene. However, information regarding the cultivation and optimal 
fertilizer requirements for Momordica species, including Gac, is limited. This study aims to determine 
the most effective fertilizer dosages to enhance Gac growth and maximize fruit quality, including 
carotenoid content. Four different combinations of single-fertilizer rates (Urea, Triple Superphosphate, 
and Muriate of Potash) were assessed on different growing stages. All Gac plants exhibited increased 
growth parameters during the growth phase. Treatments 1 and 4 demonstrated notably faster and 
greater vine growth compared to Treatments 2 and 3. Treatment 2 exhibited delayed growth and 
produced the lowest branch number, while Treatment 4 recorded the highest leaf count. However, no 
significant differences were observed in fruit characteristics (average fruit weight, total weight, fruit 
length, diameter, and aril weight) among the treatments (p > 0.05). At the same time, the number of 
fruits per plant varied significantly, with Treatment 4 indicating a 38.8% increase over Treatment 2 and 
results similar to those of Treatments 1 and 3. Lycopene analysis revealed that fruits from Treatment 1 
had significantly higher levels (p = 0.0012) than those from all other treatments. Conversely, β-carotene 
levels in Treatments 1, 2, and 3 were comparable, at 312.88, 286.34, and 258.40 mg/g fresh weight 
(FW), respectively. In conclusion, Treatment 1 provided the most balanced fertilizer regime, promoting 
stable vegetative growth, comparable fruit yield, and significantly higher lycopene accumulation, 
indicating its suitability as the optimal fertilizer strategy for Gac cultivation under the conditions of this 
study. 
 

© 2026 UMK Publisher. All rights reserved. 
 

1. INTRODUCTION 
 Gac, also known as Momordica cochinchinensis, is 
an indigenous Southeast Asian plant belonging to the 
Cucurbitaceae family (Muchjajib & Muchjajib, 2015). The plant 
is well known for its longevity and vitality due to its highly 
nutritious fruit with numerous benefits. Commonly, the Gac 
fruits are used as a colorant in traditional dishes in Vietnam. 
For the past decade, several investigations have discovered 
the high levels of phytonutrients in Gac fruit, particularly 
lycopene and β-carotene. These phytonutrients have been 
proven to possess the capacity to prevent and treat various 
types of cancer (Zheng et al., 2015; Kubola & Siriamornpun, 
2011). The Gac aril contains natural lycopene levels that are 
approximately 70 times higher than those typically found in 
tomatoes (Rahman et al., 2024; Ariyarathna et al., 2024). A 
high lycopene content suggests that the fruits have potential 
applications in prostate treatment and in reducing the risk of 
prostate cancer. Another study discovered that Gac fruit can  

 
reduce severe health consequences caused by vitamin A 
deficiency, such as night blindness, anemia, and 
xerophthalmia (Müller-Maatsch et al., 2017). Despite these 
benefits, information regarding the best approach to 
cultivating the plant remains scarce. As such, studies to 
optimize the cultivation of the underutilized Gac fruit could 
address the rising demand for this nutritional product. 
 Cultivating this species is possible from seeds, 
cuttings, or root tubers, and it grows as dioecious vines, with 
distinct male and female plants. The recommended 
fertilization type and amount depend on soil type and crop 
yield responses in certain areas. As mentioned previously, 
information on cultivation requirements and empirical data on 
the nutritional needs of Momordica species are, as of now, 
limited (Bharathi & John, 2013). Generally, organic materials 
derived from livestock waste in the soil are used to promote 
the growth of the Gac plant.  

Typically, this approach incorporates organic 
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compost or barnyard fertilizer into the soil at each planting 
location, with a recommended dosage of 10-12 tons per 
hectare (Bhunia et al., 2021). While precise fertilizer 
recommendations are not available, applying 40-45 kg/ha of 
Urea (N), 40 kg/ha of Triple Superphosphate (P2O5), and 40 
kg/ha of Muriate of Potash (K2O) is considered an 
economically efficient approach by many (Bharathi & John, 
2013). To achieve optimal yield in crops related to Gac, proper 
nutrient management is essential. In bottle gourd (Lagenaria 
siceraria), a closely related species of Gac, balanced 
fertilization has been demonstrated to greatly influence the 
growth and productivity. Barua et al. (2018) found that 
applying 130 g urea, 152 g triple super phosphate (TSP), and 
42 g muriate of potash (MOP) per planting pit, together with 
Trichoderma-enriched bio-organic fertilizer (3 kg pit⁻¹ with 
25% N + 100% PK), resulted in the highest yield under field 
conditions. Likewise, Revathi et al. (2024) reported that 
applying 70:100:100 kg ha⁻¹ of N:P₂O₅:K₂O produced the 
maximum fruit yield (116.3 q ha⁻¹) of bottle guard. Moreover, 
pre-harvest factors such as cultural practices and fertilizer 
type and quantity have been presented to significantly affect 
vitamin C and lycopene contents in other crops like tomato 
(Solanum lycopersicum) (Ilupeju et al., 2015). 
 Nitrogen overfertilization in cucumbers was found to 
negatively alter metabolite profiles by reducing levels of 
essential amino acids and lipids without increasing yield (Lee 
et al., 2024). Meanwhile, a study on squash demonstrated that 
balanced fertilizer application enhanced both yield and 
phytochemical content (Vanessa et al., 2024). This indicates 
that excessive fertilizer use can impair fruit quality and 
productivity. Although the nutritional value of Gac fruit is well 
established, experimental studies on nutrient management, 
particularly how fertilizer inputs affect key phytonutrients such 
as lycopene and β-carotene, remain limited. Therefore, this 
study aims to determine the optimal fertilizer requirement for 
Gac cultivated at Bukit Kor, based on both physical growth 
performance and biochemical quality characteristics. 

2. MATERIALS AND METHODS 
2.1. Study area and experimental site  
 The experiment was conducted at Universiti 
Malaysia Terengganu (UMT), Bukit Kor campus, Marang, 
Terengganu, on Nami series soil. The site is located at 5°21’N 
latitude and 103°2’E longitude, with an elevation of 32 m 
above sea level. The region has a tropical climate, with 
average annual rainfall of 2,552.5 mm, a mean temperature of 
27.8°C (range: 23.4-30.5°C), and relative humidity of 81.7% 
(Malaysian Meteorological Department). Pre-treatment soil 
analysis identified the soil as sandy loam with 56% sand, 29% 
silt, and 15% clay. 

2.2. Field plot preparation and crop establishment 
 The 27 m × 30 m field was divided into six 
replications (one plot per replication), each measuring 3 m × 
3 m, with 3 m plant spacing. Prior to transplanting, each plot 
received 10 tonnes/ha of barnyard manure. Seedlings were 
propagated, and healthy sprouts were transplanted to the field 
after 30 to 37 days. Vertical trellises, built using 1.5 m cement 
pillars spaced 3 m apart, supported vine training. Irrigation 
was installed, and watering was conducted daily.  

2.3. Fertilizer treatments and application  
 Four fertilizer treatments, consisting of different 
combinations of Urea (N), Triple Superphosphate (TSP), and 
Muriate of Potash (MOP), were applied monthly. Fertilizers 
were applied manually using the pocket method, whereby 
small holes were made beside the plant root zone; the 
measured fertilizer doses were placed into the holes, covered 
with soil, and followed by irrigation to facilitate nutrient 
dissolution and uptake. The fertilizer combinations were 
designed based on standard recommendations (Parks et al., 
2013) with modifications, allowing evaluation of both low- and 
high-input systems to reflect a range of nutrient availability and 
potential responses in Gac plants. The fertilizer combinations 
were applied monthly, starting two weeks after transplanting 
and continuing until the fruiting stage. Fertilizer rates used in 
each treatment are summarized in Table 1. The N application 
rate differed between the vegetative (planting to flowering) 
and reproductive (flowering to fruiting) stages to match the 
physiological nutrient demand of Gac plants. Higher nitrogen 
rates were applied during the vegetative stage to support vine 
elongation, leaf development, and branching, while reduced 
nitrogen rates after flowering were used to minimize excessive 
vegetative growth and to favor flower development, fruit set, 
and fruit quality.  
 
Table 1: Four different rates of single fertilizer application, including Urea 
(N), Triple Super Phosphate (TSP), and Muriate of Potash (MOP), were 
applied during two growth stages. 
Treatments Rates (kg/ha) 

From planting to flowering From flowering to fruiting 
N TSP MOP N TSP MOP 

1 (control) 100 20 72 48 20 72 
2 80 16 58 38 16 58 
3 120 24 86 58 24 86 
4 140 28 101 67 28 101 

2.4. Growth and yield measurements 
 Four growth parameters were measured biweekly: 
vine length, number of leaves, number of nodes, and number 
of branches. Vine length was measured from the soil base to 
the apex of the tallest shoot using a measuring tape, selecting 
the main vine originating near the base. The number of 
branches, leaves, and nodes on the main vine was manually 
counted. Data collection continued until the first fruit harvest, 
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which occurred approximately 14 weeks after transplanting. 
Fruits were harvested at maturity stage four (bright red 
pericarp), and the number of fruits per plant was recorded. 
Samples were then transported to the Crop Science 
Laboratory at Universiti Malaysia Terengganu for further 
analysis. Fruits were halved horizontally, and arils were 
separated from the seeds. The aril weight was then recorded.   

2.5. Carotenoid extraction and analysis   
 Carotenoid levels were determined following the 
method of Barba et al. (2006). Aril samples were wrapped in 
aluminum foil and stored at –20 °C in the dark until analysis. 
For extraction, samples were mixed with 
hexane:acetone:ethanol (50:25:25, v/v/v) and subjected to 
ultrasonic agitation (Fisherbrand FB15055, UK) for 30 
minutes. Afterward, 15 mL of distilled water was added to 
separate the phases. Carotenoids were recovered from the 
upper hexane layer.  

Approximately 10 mL of the hexane extract was 
evaporated using a rotary evaporator (NVC-2200, Eyela, 
Japan). The residue was re-dissolved twice in tetrahydrofuran 
(THF):acetonitrile:methanol (50:25:25, v/v/v) to a final volume 
of 4 mL. The extract was filtered through a 0.45 μm 
Polytetrafluoroethylene (PTFE) membrane (Labquip 
Australia) prior to High-Performance Liquid Chromatography 
(HPLC) analysis. HPLC was performed using an isocratic 
method (Barba et al., 2006) with an Alltech Alltima HP C18 
column (250 × 4.6 mm, 5 μm), a flow rate of 1.0 mL/min, and 
UV detection at 465 nm. The column temperature was 
maintained at 30 °C. Regression equations used to calculate 
carotenoid concentrations were: 

Lycopene: y = 0.0000000526x + 0.0018 (R² = 0.98) 
β-carotene: y = 0.0000000314x + 0.009 (R² = 0.98) 

 All samples were analyzed in triplicate, and results 
were expressed as mg/g fresh weight (FW). Growth data were 
modeled using the logistic growth equation: y = A / (1 + be^–
cx), with the derivative used to estimate growth rate.   

2.6. Experimental design and statistical analysis   
 A factorial randomized complete block design 
(RCBD) with six replications were used to evaluate treatment 
effects across seven observation time points, at 14, 28, 42, 
56, 70, 84, and 98 days after transplanting. Data were 
analyzed by two-way Analysis of Variance (ANOVA), and 
means were compared using Duncan’s Multiple Range Test 
(DMRT) at P < 0.05 (SAS 9.3). 

3. RESULT AND DISCUSSION 
3.1. Pre-harvest growth responses 
 Figure 1 illustrates the gradual rise in vine length over 
time. This growth trend was found to follow the equation y = 

A⁄(1+𝑏𝑏𝑏𝑏-cx), where y denotes vine length and x represent 
DAT. In this context, the variables A, B, and C are constants 
determined through regression analysis (Table 2). In the early 
phase, the increase in plant height was similar across all 
fertilizer combination treatments. This steady increase 
remained consistent until 29 days after transplanting, then 
rose sharply to 74 days for Treatments 1 and 4 and to 84 days 
for Treatments 2 and 3 (see Figure 1).  

In the later growth stage, vine length under all 
fertilizer treatments approached a plateau (Figure 1), 
indicating a reduction in vegetative growth rate as plants 
reached physiological maturity. This suggests a decline in 
growth, possibly attributed to dormancy following the flowering 
phase. Additionally, the data indicates that fertilizer 
Treatments 1 and 4 resulted in greater and more rapid 
increases in vine length than Treatments 2 and 3.  

There were no significant differences in vine length 
among fertilizer treatments throughout most of the planting 
period (Table 3). At 98 days after transplanting, vine length in 
Treatment 2 was significantly higher than in Treatment 3 
based on DMRT analysis (P < 0.05), representing an 
approximate 11.3% increase calculated from mean values. 
The maximum length increment or growth rate for each 
fertilizer combination of Treatments 1, 2, 3, and 4 was at days 
44, 51, 46, and 42 after transplanting, respectively.  
 

 
Figure 1: Vine length as a function of four different fertilizer combination 
treatments, in the form of 𝒚𝒚=𝑨𝑨/(𝟏𝟏+𝒃𝒃𝒃𝒃−𝒄𝒄𝒄𝒄) of Gac fruit. n = 6 
Note: T1 = Control (100-20-72 kg ha⁻¹ N-TSP-MOP during vegetative stage; 
48-20-72 kg ha⁻¹ during reproductive stage); T2 = 80-16-58 and 38-16-58 
kg ha⁻¹; T3 = 120-24-86 and 58-24-86 kg ha⁻¹; T4 = 140-28-101 and 67-28-
101 kg ha⁻¹ applied during vegetative and reproductive stages, respectively. 
 

The growth rate of vine length decreased 
progressively over time after transplanting, as displayed in 
Figure 2. Based on the growth rate of vine length, fertilizer 
used in Treatment 2 indicated a slower growth increment, 
around 5 to 7 days later than that of the Gac fruit plant in other 
treatments, which may be attributed to its lower NPK input. A 
similar enhancement in vine length and vegetative growth 
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under integrated organic and mineral fertilization was reported 
in greenhouse-grown cucumber, where combined poultry 
manure and mineral fertilizer significantly improved plant vigor 
and yield compared with the control (Sallam et al., 2021). 
Likewise, higher nitrogen availability has been associated with 
improved chlorophyll synthesis and photosynthetic efficiency, 
leading to enhanced biomass accumulation and vine 
elongation (Bhunia et al., 2021).  
 
Table 2: Constants of plant height of Gac fruit applied with four different 
combination fertilizer treatments using function y= A⁄ (1+𝑏𝑏𝑏𝑏-cx). 
Treatment Constant F value Approx. 

Pr > F 
Approx. 
R2 A B C 

1 (control) 760.7 11.342 0.0554 662.99 <.0001 0.974 
2 829.1 13.8346 0.0514 422.17 <.0001 0.989 
3 716.4 12.5822 0.0556 618.05 <.0001 0.978 
4 715.5 13.4617 0.0622 557.86 <.0001 0.959 
Note:A, B, and C are constants derived from the logistic growth model y = A / (1 + 
be^–cx), where y represents vine length and x represent days after transplanting 
(DAT). A denotes the estimated asymptotic maximum vine length, B is a scaling 
constant related to the initial growth condition, and C represents the relative growth 
rate constant. All parameters were estimated using nonlinear regression analysis. 
T1 = Control (100-20-72 kg ha⁻¹ N-TSP-MOP during vegetative stage; 48-20-72 kg 
ha⁻¹ during reproductive stage); T2 = 80-16-58 and 38-16-58 kg ha⁻¹; T3 = 120-24-
86 and 58-24-86 kg ha⁻¹; T4 = 140-28-101 and 67-28-101 kg ha⁻¹ applied during 
vegetative and reproductive stages, respectively. 
 
 
Table 3: Main and interaction effects of fertilizer combination treatments and 
days after transplanting (14, 28, 42, 56, 70, 84, 98 days) on the number of 
leaves, nodes, and branches of Gac fruit plants. 
Factor Number of 

leaves 
Number of 

nodes 
Number of 
branches 

Fertilizer treatments (FT)    
1 (control) 105.26 bz 45.97 ab 14.54 a 
2 85.31 c 46.80 a 10.66 d 
3 93.51 bc 43.29 c 12.74 c 
4 123.74 a 44.23 bc 13.74 b 
Days after transplanting (DAT) 
(day) 

   
14 11.40 g 6.10 g 2.45 g 
28 19.90 f 21.40 f 4.50 f 
42 63.80 e 36.60 e 8.10 e 
56 107.70 d 46.95 d 12.70 d 
70 141.10 c 59.35 c 17.55 c 
84 165.15 b 67.65 b 21.20 b 
98 204.65 a 77.45 a 23.95 a 
FT x DAT ns ns * 
zAt a significant level of P=0.05, the same letter is shared within a column, and the 
factor indicates no significant difference, as determined by the DMRT. *, ns Significant 
and not significant at P ≤ 0.05, respectively. Note: T1 = Control (100-20-72 kg ha⁻¹ 
N-TSP-MOP during vegetative stage; 48-20-72 kg ha⁻¹ during reproductive stage); 
T2 = 80-16-58 and 38-16-58 kg ha⁻¹; T3 = 120-24-86 and 58-24-86 kg ha⁻¹; T4 = 
140-28-101 and 67-28-101 kg ha⁻¹ applied during vegetative and reproductive 
stages, respectively. 
 
 In the present study, higher fertilizer rates promoted 
earlier attainment of maximum vine length without negatively 
affecting reproductive development. Although excessive 
nitrogen has been reported to prolong vegetative growth at the 
expense of fruiting in some cucurbit crops, such negative 
effects were not observed under the current field conditions. 
This suggests that balanced nutrient application under tropical 
cultivation conditions can accelerate vegetative growth while 
maintaining optimal source-sink balance and fruit 
development. 

 
Figure 2: The growth rate of vine length as a function of four different 
fertilizer combination treatments, in the form of 𝒅𝒅𝒅𝒅/𝒅𝒅𝒅𝒅= 
(𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨−𝒄𝒄𝒄𝒄)𝟏𝟏+𝒃𝒃𝒃𝒃−𝒄𝒄𝒄𝒄)^𝟐𝟐 of Gac fruit. Note: T1 = Control (100-20-72 kg 
ha⁻¹ N-TSP-MOP during vegetative stage; 48-20-72 kg ha⁻¹ during 
reproductive stage); T2 = 80-16-58 and 38-16-58 kg ha⁻¹; T3 = 120-24-86 
and 58-24-86 kg ha⁻¹; T4 = 140-28-101 and 67-28-101 kg ha⁻¹ applied 
during vegetative and reproductive stages, respectively. 
 
3.2. Leaf and node development  
 The interaction between fertilizer treatments and 
days after transplanting did not significantly affect the number 
of Gac leaves (Table 3). However, plants in Treatment 4 
recorded the highest leaf number, indicating an increase of 
approximately 16.14% to 36.77% compared to other 
treatments, calculated from mean leaf number values at the 
final observation time point (Table 3). This result aligns with 
the higher nutrient input in Treatment 4, supporting the idea 
that increased nutrient availability enhances photosynthate 
production and promotes leaf development (Abd El-Hafeez & 
Ali, 2013).  

Similar findings have been reported in okra 
(Khandaker et al., 2017), ridge gourd (Patil et al., 2024), maize 
(Chaudhary et al., 2022), cucumber (Abd El-Hafeez & Ali, 
2013), and watermelon (Sabo et al., 2013). Node numbers 
were also unaffected by the interaction between treatment and 
planting days. Treatment 2 produced 7.8% and 5.6% more 
nodes than Treatments 3 and 4, respectively, and was similar 
to Treatment 1. Although Treatments 1 and 2 used lower 
fertilizer rates, they produced more nodes and longer vines by 
the end of the experiment. Node counts were taken from the 
main vine and did not necessarily correlate with leaf number 
due to Gac’s alternate leaf arrangement (Osman et al., 2017). 
Both leaf and node numbers increased over time, peaking on 
day 98. This trend agrees with previous studies (Sun et al., 
2021; Kumar & Kumar, 2013), where increased 
photosynthesis and light capture supported vegetative growth. 
However, excessive fertilizer may reduce plant performance 
(Dwivedi et al., 2017; Liu et al., 2017).   
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3.3. Branching and vegetative response  
 The number of branches in Gac plants exhibited 
significant interaction between fertilizer treatments and days 
after transplanting, as detailed in Table 3. This finding 
suggests that branching patterns were shaped by differences 
in fertilizer type and concentration, as well as by changes in 
plant development over time. Understanding this interaction is 
crucial as it highlights how nutrient availability dynamically 
interacts with plant growth phases to determine vegetative 
architecture. Consequently, this section focuses on exploring 
the detailed relationship between branch development and the 
progression of time for each fertilizer treatment.  

According to Figure 3, the number of branches in 
Gac plants increased in an almost linear fashion as the days 
after transplanting advanced. The number of days post-
transplanting accounted for a substantial proportion of the 
variability in branch number, ranging between 94% and 97%, 
which illustrates a strong temporal effect on branching 
dynamics regardless of fertilizer treatment. During the initial 
growth period, spanning up to 28 days after transplanting, 
branch counts across all fertilizer treatments were very similar. 
This suggests that early branching is relatively less sensitive 
to nutrient differences or that baseline nutrient availability was 
sufficient for initial shoot development.  
 

 
Figure 3: Relationships between the number of branches and DAT of Gac 
fruit planted under different fertilizer combination treatments; y (Treatment 
1) = -2.743 + 0.309x (R²=0.94); y (Treatment 2) = -2.257 + 0.231x (R²=0.96); 
y (Treatment 3) = -2.143 + 0.266x (R²=0.97); y (Treatment 4) = -2.514 + 
0.290x (R²=0.96). The solid line represents a statistically significant linear 
relationship at the level of significance P ≤ 0.05. Note: T1 = Control (100-
20-72 kg ha⁻¹ N-TSP-MOP during vegetative stage; 48-20-72 kg ha⁻¹ during 
reproductive stage); T2 = 80-16-58 and 38-16-58 kg ha⁻¹;T3 = 120-24-86 
and 58-24-86 kg ha⁻¹; T4 = 140-28-101 and 67-28-101 kg ha⁻¹ applied 
during vegetative and reproductive stages, respectively. 
 
 However, by day 42 post-transplant, clear 
differences began to emerge among the treatments. Plants 
subjected to Treatment 2 recorded 31.6% fewer branches 
than in Treatment 1 and 26% fewer than in Treatment 4, 
although their branch numbers remained comparable to those 

in Treatment 3. From day 56 onward, Treatment 2 consistently 
produced the lowest branch numbers through day 98, likely 
due to its lower fertilizer application rate. Reduced nutrient 
availability, particularly nitrogen, may have limited chlorophyll 
synthesis and photosynthetic capacity, thereby decreasing 
carbohydrate production required for axillary bud activation 
and shoot branching.  

Nitrogen plays a crucial role in cytokinin synthesis, a 
hormone involved in stimulating lateral bud growth; thus, an 
insufficient nitrogen supply may suppress branching by 
reducing cytokinin-mediated bud outgrowth. Additionally, 
lower nutrient input may have constrained assimilate 
partitioning to developing shoots, resulting in reduced 
vegetative expansion. These findings suggest that adequate 
nutrient availability enhances branching in Gac plants by 
supporting photosynthetic efficiency, hormonal regulation, and 
improved source-sink dynamics. Such results are consistent 
with earlier studies on similar cucurbit crops, such as bitter 
gourd (Johnson & Sureshkumar, 2015) and muskmelon 
(Aluko et al., 2021), both of which reported increased 
branching and more vigorous vegetative growth under higher 
nutrient regimes. Taken together, these insights underscore 
the importance of optimizing fertilizer management strategies 
to stimulate desirable branching patterns and overall plant 
architecture, which could ultimately have positive effects on 
yield and fruit quality.  

3.4. Fruit yield components and pre-harvest physical 
characteristics 
 Based on Table 4, there were no significant 
differences among fertilizer treatments in average fruit weight, 
total weight, fruit length, fruit diameter, or aril weight. However, 
the number of fruits per plant differed significantly across 
treatments. Treatment 4 produced 38.8% more fruits than 
Treatment 2, though fruit count was comparable to 
Treatments 1 and 3. This difference in fruit number may be 
attributed to the higher fertilizer input in Treatment 4, which 
received approximately 54.5% higher rates of urea, TSP, and 
MOP than Treatment 2 during both vegetative and 
reproductive growth stages (Table 1).  

Previous studies have highlighted the importance of 
nitrogen and potassium in enhancing fruit set in crops like 
bitter gourd and cucumber (Maluki et al., 2016; Dhillon et al., 
2017; Ashraf et al., 2019). In addition to supporting 
photosynthesis, nitrogen and phosphorus enhance potassium 
and calcium uptake, facilitating the efficient transfer of 
photosynthates from the source (leaves) to the sink (fruits). 
Thus, greater nutrient availability, particularly nitrogen and 
phosphorus, contributed to the increased fruit number 
observed in Treatment 4. 
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Table 4: Total weight, number of fruits, fruit length, and fruit diameter of Gac 
fruit planted at Bukit Kor using four different rates of fertilizers. 
Treatment Average 

weight 
(g) 

Total 
weight 

(g) 

Number 
of fruits 
/plants 

Fruit 
length 
(cm) 

Fruit 
diameter 

(cm) 

Weight 
of aril (g) 

1 (control) 790.9 az 10827 a 13.8 ab 15.76 a 34.04 a 149.40 a 
2 648.5 a 6575 a 10.4 c 14.60 a 34.33 a 132.20 a 
3 719.3 a 7835 a 11.0 bc 14.86 a 35.29 a 166.40 a 
4 688.8 a 10920 a 15.4 a 15.40 a 35.40 a 161.12 a 
zAt a significant level of P=0.05, the same letter is shared within a column, and the 
factor indicates no significant difference, as determined by the DMRT. Note: T1 = 
Control (100-20-72 kg ha⁻¹ N-TSP-MOP during vegetative stage; 48-20-72 kg ha⁻¹ 
during reproductive stage); T2 = 80-16-58 and 38-16-58 kg ha⁻¹; T3 = 120-24-86 and 
58-24-86 kg ha⁻¹; T4 = 140-28-101 and 67-28-101 kg ha⁻¹ applied during vegetative 
and reproductive stages, respectively. 
 
 Despite differences in fertilizer rates, no significant 
effects were observed on average fruit weight, fruit length, fruit 
diameter, or aril weight among treatments (Table 4). These 
fruit physical characteristics are influenced by nutrient 
availability, plant physiological processes, and assimilate 
partitioning rather than fertilizer rate alone (Zhu et al., 2010). 
This suggests that increasing fertilizer input beyond a certain 
level does not necessarily enhance fruit size or aril 
development in Gac. Nutrient efficiency can be described as 
“flux density,” where the availability of nutrients per unit of time 
and area depends on fertilizer rate and water supply, since 
optimal water enhances nutrient flux and uptake while water 
stress limits nutrient movement and reduces yield (Ali et al., 
2017). A recent study revealed that nitrogen use efficiency 
(NUE) in watermelon was influenced more by water availability 
than by fertilizer rate, with the highest efficiency achieved 
under optimal water supply (around 232 mm) combined with 
50 kg/ha nitrogen, whereas water stress reduced yields 
despite similar nitrogen application rates. Consistently, Hong 
et al. (2021) and Pereira et al. (2019) reported that nitrogen 
efficiency is more sensitive to water availability than to fertilizer 
rate, as water stress lowered melon yield even when 
fertilization remained constant. 
 Excessive nutrient allocation, particularly nitrogen, 
does not always translate into improved fruit size or weight, 
especially when vegetative growth dominates over 
reproductive development. Fruit growth and quality are more 
closely linked to assimilate partitioning and the maintenance 
of an adequate and healthy leaf area rather than leaf number 
alone (Van Der Ploeg & Heuvelink, 2015). Therefore, although 
nitrogen plays a fundamental role in plant metabolism and 
photosynthetic capacity, its effects on vegetative traits, such 
as leaf development, may not always be reflected in 
statistically significant differences under field conditions. 
Hence, maintaining nitrogen levels within an optimal range 
throughout the crop growth cycle is crucial. Nitrogen is 
essential for plant growth, as it supports the formation of 
amino acids, proteins, nucleic acids, and chlorophyll. Amino 
acid metabolism is the key process linking nitrogen 

assimilation to overall plant productivity (Dellero, 2020). 
Proper management directly affects the growth and 
biochemical composition of fruits, including phytonutrient 
content, such as carotenoids. 

3.5. Influence of fertilizer rates on carotenoid 
accumulation  
 The chromatographic analysis using High-
Performance Liquid Chromatography (HPLC) confirmed the 
identification of β-carotene and lycopene based on their 
characteristic retention times, observed at approximately 
19.37 and 23.22 minutes, respectively, in the HPLC 
chromatograms (Figure 4).  
 

 
Figure 4: (a) Lycopene and (b) Beta-Carotene of Gac fruit under different 
fertilizer treatments. Data are presented as mean ± standard error (SE), n 
= 6. Different letters above the bars indicate significant differences at p < 
0.05 according to Duncan’s Multiple Range Test (DMRT). Note: T1 = Control 
(100-20-72 kg ha⁻¹ N-TSP-MOP during vegetative stage; 48-20-72 kg ha⁻¹ 
during reproductive stage); T2 = 80-16-58 and 38-16-58 kg ha⁻¹; T3 = 120-
24-86 and 58-24-86 kg ha⁻¹; T4 = 140-28-101 and 67-28-101 kg ha⁻¹ 
applied during vegetative and reproductive stages, respectively. 
 
 Results indicated that Treatment 1 exhibited the 
highest lycopene concentration (Figure 4a). Moreover, β-
carotene content was significantly higher in Treatments 1, 2, 
and 3 compared to Treatment 4 (Figure 4b), suggesting that 
moderate nitrogen application promotes carotenoid 
biosynthesis. These findings suggest that moderate nitrogen 
supply promotes carotenoid accumulation by maintaining a 
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balanced carbon-nitrogen metabolism and supporting efficient 
photosynthesis. In contrast, excessive nitrogen may redirect 
assimilates toward vegetative growth and protein synthesis at 
the expense of secondary metabolites. Similar trends have 
been reported in cucurbit crops, where optimized nutrient 
management improved physiological performance and yield 
without compromising fruit quality (Sallam et al., 2021).  
 Recent studies further demonstrate that nitrogen 
status alters plant metabolic pathways, affecting pigment 
accumulation and antioxidant compounds through changes in 
carbon allocation and enzymatic regulation (Hao et al., 2020; 
Lu et al., 2017). In cucumber, nitrogen deficiency or excess 
has been demonstrated to alter nitrogen metabolism and 
photosynthetic efficiency, thereby affecting pigment 
composition and fruit biochemical traits. This supports the 
present findings that balanced fertilizer application is critical 
for optimizing carotenoid accumulation in Gac fruit. Moreover, 
excessive nitrogen fertilization may dilute phytochemical 
concentration due to rapid biomass expansion and altered 
source-sink relationships (Lee et al., 2024; Zhang et al., 2021). 
Therefore, precise nutrient management strategies are 
essential to maintain both fruit yield and nutritional quality 
while minimizing environmental risks associated with nitrogen 
overuse. 

4. CONCLUSION 
 Gac growth and yield responses varied under 
different fertilizer rates. Among the treatments, Treatment 1 
demonstrated the most favorable overall performance, 
providing a balanced combination of vegetative growth, fruit 
production, and carotenoid accumulation. Although most fruit 
physical quality parameters were not significantly affected by 
fertilizer rate, the number of fruits per plant differed among 
treatments, with Treatment 4 producing significantly more 
fruits than Treatment 2. In terms of nutritional quality, 
Treatment 1 produced fruits with significantly higher lycopene 
content, while β-carotene levels were significantly higher in 
Treatments 1, 2, and 3 compared to Treatment 4. Overall, 
Treatment 1 is identified as the most suitable fertilizer regime 
for Gac cultivation under the conditions of Bukit Kor, Universiti 
Malaysia Terengganu. Further studies incorporating 
micronutrients and refined nutrient management strategies 
are recommended to enhance phytonutrient accumulation, 
particularly carotenoids.  
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