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ABSTRACT 
 
This study evaluated the potential of vetiver grass biochar and liquid pineapple waste as organic nutrient 
sources in the hydroponic cultivation of Pak choy (Brassica rapa subsp. chinensis L). Six treatments 
were tested: a synthetic AB fertilizer control (T1), and five organic alternatives, including 100% pineapple 
waste (T2), 100% biochar (T3), and various combinations of both (T4–T6). Growth parameters such as 
chlorophyll content, plant height, number of leaves per plant, and biomass were measured. The control 
(T1) consistently exhibited superior performance, with the highest chlorophyll content (40.87 ± 7.02), 
plant height (13.85 ± 1.57 cm), and yield (42.44 ± 6.05 g). Among the organic treatments, T5 (75% 
biochar + 25% pineapple waste) produced the best results, with elevated chlorophyll content (25.10 ± 
2.19) and the highest yield (3.84 ± 0.47 g), indicating the effect of the nutrient-retentive properties of 
biochar combined with the nutrient-rich composition of pineapple waste. Pearson correlation analysis 
revealed strong positive relationships among all parameters, with yield highly correlated with the number 
of leaves per plant (r = 0.99), plant height (r = 0.99), and chlorophyll content (r = 0.94). These results 
highlight the relevance of vegetative traits as reliable indicators of crop productivity in hydroponic 
systems. While entirely replacing synthetic nutrients remains challenging, the T5 formulation presents 
a potential alternative for reducing chemical inputs. This study supports the advancement of sustainable 
nutrient management practices in soilless agriculture. Furthermore, although vetiver grass biochar 
combined with liquid pineapple waste shows promise, further research is needed to understand the 
long-term effects on optimizing organic nutrient sources ratios, pH buffering, comprehensive nutrient 
uptake, and the synergistic potential with other organic nutrient sources or fertilizer practices. Such 
understanding is crucial for guiding future research in sustainable farming practices. 
 

© 2026 UMK Publisher. All rights reserved. 
 

 
1. INTRODUCTION 

Hydroponics has emerged as a viable solution for 
sustainable agriculture, improving resource efficiency and 
crop productivity (Khan et al., 2024). It is a method of growing 
plants without soil, utilizing a nutrient-rich solution in a 
controlled environment, which enables the efficient use of 
water and nutrients (Thapa et al., 2024). However, the reliance 
on synthetic nutrient solutions raises concerns about the 
environmental sustainability due to nutrient runoff and the use 
of fossil-fuel-based inputs (Zhou et al., 2023). Incorporating 
organic nutrient sources, such as biochar and agro-industrial 
waste, offers an eco-friendly approach to enhancing nutrient 
availability and plant health. 

Vetiver grass is native to South and Southeast 

Asia. In Malaysia, vetiver grass (Chrysopogon zizanioides L.) 
is widely cultivated and valued for its environmental benefits, 
particularly in stabilizing slopes and mitigating soil erosion. It 
grows quickly and thrives in tropical climates with ample water 
and sunlight. Malaysian agricultural agencies are actively 
planting vetiver along terraces, roadsides, and slopes to 
prevent landslides, reduce erosion, and conserve moisture for 
neighboring crops (Aleiadeh et al., 2024). Compared to bare 
soil, vetiver grass has also been used effectively in hydroponic 
or semi-hydroponic systems to reduce chemical oxygen 
demand (COD) and biological oxygen demand (BOD), as well 
as to remove heavy metals such as lead and cadmium from 
industrial wastewater. Because of this, vetiver grass is an 
affordable and sustainable solution for cleaning contaminated 
water in enclosed hydroponic systems (Davamani et al., 
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2021). Additionally, since vetiver grass grows well in 
hydroponic environments and efficiently accumulates 
pollutants, its biomass can be converted into biochar with 
minimal risk of pollutant leakage (Barcellos-Silva et al., 2025). 

Biochar, derived from the pyrolysis of organic 
biomass, improves soil aeration, nutrient retention, and 
microbial activity in the root zone (Na Nagara et al., 2024; 
Ch’ng et al., 2013). Vetiver grass is particularly suitable for 
biochar production due to its dense root system and high 
biomass yield (Ch’ng et al., 2013). Vetiver grass biochar, 
produced through the pyrolysis of the vetiver biomass, can be 
applied to soils to improve quality, enhance plant growth, and 
increase nutrient uptake (Aleiadeh et al., 2024). Its high 
porosity and carbon-rich nature enhance microbial activity, 
water-holding capacity, and nutrient retention. Studies have 
shown that when applied with nutrients, vetiver biochar can 
increase nutrient availability and enable gradual nutrient 
release, thereby enhancing fertilizer use efficiency and 
promoting healthier plant growth. It also contributes to nutrient 
cycling and reduces environmental impacts, supporting more 
sustainable hydroponic practices. In hydroponic systems, it 
serves as an effective carrier or amendment for organic 
nutrients, enhancing their efficiency and stabilizing the 
growing environment (Barcellos-Silva et al., 2025; Na Nagara 
et al., 2024). 

In Malaysia, pineapple waste production is 
substantial due to the country's large pineapple industry. An 
estimated 2 million tonnes of pineapple waste are produced 
annually. This waste includes leaves, stems, crowns, and 
peels from pineapple harvesting and processing (Matius et al., 
2022). Current disposal practices include composting, animal 
feed use, replanting with crowns, and, unfortunately, open-
field burning, which pollutes the environment (Harith et al., 
2023). From the perspective of organic nutrient sources, 
pineapple waste is rich in essential nutrients–particularly 
phosphorus (P), potassium (K), and nitrogen (N)–which are 
critical for plant growth. This biomass can be converted into 
liquid organic nutrient solutions through anaerobic 
fermentation or composting. For example, pineapple waste 
has been used to produced liquid fertilizers with reported 
values of 1.7% nitrogen, 0.33% phosphorus, and 1.74% 
potassium. This makes it a valuable nutrient source for both 
soil-based or hydroponic farming systems (Wichitsathian et 
al., 2020).  

These organic materials enhance plant growth, 
especially under soilless conditions (Chaosap et al., 2021; 
Rani & Nand, 2004). Fermentation is the primary method used 
to produced liquid fertilizer from pineapple leaf waste, 
converting organic matter into nutrient-rich solutions. 

Pineapple peel and leaf residues contain essential elements 
and organic matter suitable for plant growth. When properly 
diluted and balanced, the resulting nutrient levels can support 
hydroponic cultivations. By using natural nutrients and 
beneficial microbes rather than synthetic chemicals, these 
fertilizers can promote plant development in the hydroponic 
systems. However, liquid organic nutrient typically exhibit high 
electrical conductivity (EC) and slightly acidic pH (between 
4.65 and 6.05), requiring regular monitoring and adjustments 
to maintain optimal plant health (Seman & Adam, 2023). 

Despite their potential, research on the application 
of these organic materials in hydroponic systems remains 
limited. Therefore, this study aims to evaluate the viability of 
vetiver grass biochar and liquid pineapple waste as alternative 
organic nutrient sources and assess their effects on the 
growth and yield of Pak choy (Brassica rapa subsp. 
chinensis). 

2. MATERIALS AND METHODS 
2.1 Experimental site, experimental design, and 
treatment 

The study was conducted at the Farm Unit, 
Universiti Teknologi MARA (UiTM) Sarawak Branch, 
Samarahan Campus, Sarawak, Malaysia (1°26’47.926” N 
110°27’6.551” E (1.446646, 110.451820) under nursery 
glasshouse conditions for 42 days between September and 
November 2024. The plant materials consisted of pre-
germinated seeds of commercially sourced Brassica rapa 
(cultivar DPC477), purchased from a local commercial 
supplier.  

The experimental design followed a Completely 
Randomized Design (CRD), comprising six treatments with 
four replications, and seven plants per replication, resulting in 
a total of 168 Pak choy plants. The parameters studied 
included vegetative growth, chlorophyll content, number of 
leaves per plant, plant height, and the total dry biomass, which 
served as the yield indicator. 

Table 1: Treatment composition and rate 
Treatment Rate of Fertilizer Quantity (ml/L) / g 

T1 100% Control AB fertilizer 10.0 ml 
T2 100% Liquid Pineapple Waste 50.0 ml 
T3 100% Vetiver Grass Biochar 100.0 g 

T4 
50% Vetiver Grass Biochar + 50% 
Liquid Pineapple Waste 

50.0 g + 25.0 ml 

T5 
75% Vetiver Grass Biochar + 25% 
Liquid Pineapple Waste 

75.0g+ 12.5ml 

T6 
25% Vetiver Grass Biochar + 75% 
Liquid Pineapple Waste 

25.0 g + 37.5ml 
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AB fertilizer served as the standard control, while 
Brassica rapa seeds were used as plant indicators. Seed 
preparation followed the method described by Morgan (1999), 
where germination trays were filled with peat moss, leaving 
1.3 cm from the top, and moistened before sowing. Seeds 
were evenly distributed and gently pressed into the medium. 
Seedlings were grown for five weeks under adequate sunlight 
and regular watering to maintain moist conditions. Once the 
seedlings developed a second set of true leaves and reached 
4–6 cm, they were ready for transplanting.  

Treatments applications began post-transplanting 
and continued until harvest, from 18 October to 8 November 
2024 (six weeks). Vetiver grass, sourced locally, was 
processed into biochar via pyrolysis following the method of 
Pan et al. (2021). The biomass was placed in an appropriately 
sized ceramic crucible and carbonized at 350–400 °C for 2 
hours in a large-chamber muffle furnace (Type 62700; Thermo 
Scientific Barnstead/Thermolyne, USA). The resulting biochar 
was cooled, collected and pulverized for characterization.  

Pineapple waste–including stems and leaves–was 
collected from local smallholder farms in Samarahan, 
Sarawak. Liquid pineapple waste was produced via anaerobic 
fermentation, following the method described by Saif et al. 
(2021). The formulation included 50 kg of pineapple waste, 
5 kg of brown sugar, and 50% water (based on the waste 
volume), maintaining a 1:10 ratio of sugar to plant waste. The 
materials were mixed in a drum, with water added to slightly 
exceed the waste level (Muri, 2022). After 14 days of 
fermentation, the liquid was stirred to prevent sedimentation 
and analyzed for nutrient content according to standard 
laboratory procedure (Mahdian et al., 2025). Before 
application, the stock was diluted at a ratio of 1:15–20 (v/v).  

Several plant growth parameters were measured 
weekly beginning the third week after transplanting. Plant 
height was measured (in cm) from the base of the stem to the 
tallest point using a measuring tape. Leaf number per plant 
was determined manually. Chlorophyll content was recorded 
using a SPAD-502 chlorophyll meter (Minolta). Plant yield 
assessed by determining total dry biomass. After harvesting, 
the leaves, stems, and roots were gently washed and weighed 
using an analytical balance. The samples were oven-dried at 
65 °C for 72 hours and reweighed to obtain total dry biomass. 
Routine pest and disease management was performed, and 
standard hydroponic nutrients adjustments were made in 
accordance with plan growth stages, as recommended by 
Khan et al. (Khan et al., 2024). 

 

3. RESULTS AND DISCUSSION 
The nutrient analysis used in this study, as 

presented in Table 2, was adequate and tolerable for the 
growth of Pak choy. This finding aligns with a previous study 
by Suharyatun et al. (2024). The nutrient profile indicates that 
vetiver grass biochar and liquid pineapple waste contain 
essential macro- and micronutrients required for optimal Pak 
choy developnment. The total nitrogen (N) content in biochar 
and pineapple waste highlights their potential as nitrogen 
source, which are critical for vegetative growth and chlorophyll 
synthesis in Brassica species (Sun et al., 2020).   

The phosphorus (P₂O₅) levels–0.12% in biochar 
and 0.33% in pineapple waste–are moderate but may require 
supplementation to meet the high phosphorus demand of 
Brassica during rapid growth stages. Potassium (K₂O) is 
notably higher in pineapple waste (1.74%) than in biochar 
(0.91%), indicating a strong potential for improving water 
regulation and turgor pressure. In addition, magnesium (MgO) 
and calcium (CaO) levels in biochar can support cell wall 
stability and essential enzymatic functions.  

Micronutrients such as copper (Cu), zinc (Zn), and 
iron (Fe) were detected at concentrations that could support 
key metabolic processes. However, their bioavailability in 
hydroponic media may vary depending on pH and ion 
interactions. Notably, the pH of vetiver grass biochar was 
relatively alkaline (8.7), which could influence nutrient 
availability and uptake unless corrected. In contrast, the lower 
pH of liquid pineapple waste (4.8) may help buffer the nutrient 
solution but could also result in nutrient imbalances if not 
properly managed.  

Therefore, although the nutrient content–
particularly nitrogen and potassium–is promising, the high 
alkalinity of biochar and potential micronutrient imbalances 
suggest that supplementation and pH adjustments are 
necessary to optimize the formulation for hydroponic Brassica 
cultivation. 

Table 2: Nutrient content of Vetiver grass biochar and liquid pineapple 
waste 

Source Vetiver Grass Biochar Liquid Pineapple Waste 

pH 8.7 4.8 
Total N (%) 0.44 1.70 
Total P2O5 (%) 0.12 0.33 
Total K2O (%) 0.91 1.74 
Total MgO (%) 0.15 0.24 
Total CaO (%) 0.42 0.20 
Total Cu (mg/Kg)  5.0 <1.0 
Total Zn (mg/Kg) 29.0 5.0 
Total Fe (mg/Kg) 65.0 14.0 
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3.1 Growth and yield performance 

The experimental treatments significantly 
influenced the growth and yield performance of hydroponically 
grown Pak choy, as demonstrated by variations in plant 
height, number of leaves per plant, chlorophyll content, and 
total dry biomass (yield) (Table 3).  

ANOVA followed by Duncan’s Multiple Range Test 
(DMRT) revealed significant difference among all treatments 
at p < 0.05. The control treatment (T1), consisting of 100% AB 
synthetic fertilizer, consistently recorded the highest mean 
values across all measured parameters. 
Table 3: Effect of different treatments on the growth and yield performance 

Treatment Plant Height 

(cm) 

Leaf (per 

plant) 

Chlorophyll 

Content 

(SPAD) 

Dried 

Biomass (g) 

T1 13.85 ±1.57a 14.00 ±1.56a 53.28 ± 3.04 a 3.49 ± 0.47 a 
T2 6.08 ± 1.16 d 5.10 ± 0.74 d 22.24 ± 3.21 d 0.56 ± 0.20 d 
T3 6.65 ± 1.36 d 4.80 ± 0.63 d 23.40 ± 4.95 d 0.60 ± 0.13 d 
T4 6.84 ± 0.82 d 5.50 ± 1.08 d 29.28 ± 4.80 c 0.64 ± 0.24 d 
T5 10.20 ± 0.74b 9.40 ± 1.42 b 40.16 ±3.49 ab 2.35 ± 0.13 b 
T6 8.02 ± 1.05 c 7.10 ± 1.44 c 35.90 ± 4.80 b 0.89 ± 0.23 c 

Means sharing similar letters in a column for different levels of the same nutrient are 
statistically non-significant according to Duncan’s Multiple Range Test (DMRT) at 
α=0.05; values are the means of twenty-eight replicates ± standard error. 

 

Specifically, T1 achieved a plant height of 13.85 ± 
1.57 cm, 14.00 ± 1.56 leaves per plant, chlorophyll content of 
53.28 ± 3.04 SPAD unit, and a total dry biomass of 3.49 ± 
0.47 g per plant. These results reaffirm the superior 
performance of conventional hydroponic nutrient solutions, 
attributed to their precise nutrient composition and immediate 
availability to plant roots (Khan et al., 2024; Zhou et al., 2024). 

Among the organic treatments, T5 (75% vetiver 
grass biochar + 25% liquid pineapple waste) emerged as the 
most promising alternative. It achieved a mean plant height of 
10.20 ± 0.74 cm, 9.40 ± 1.42 leaves per plant, chlorophyll 
content of 40.16 ± 3.49, and total dry biomass of 2.35 ± 0.13 
g. Although this biomass was lower than that of the control, it 
was the highest among all organic treatments. The improved 
performance is likely due to the synergistic interaction 
between the nutrient-retentive properties of biochar and the 
nutrient-rich composition of pineapple waste–particularly its 
nitrogen (1.7%) and potassium (1.74%) content, which are 
vital for vegetative growth and yield formation (Sultana et al., 
2022). 

Treatment T4 (50% biochar + 50% pineapple 
waste) and T6 (25% biochar + 75% pineapple waste) 
produced moderate biomass values of 0.64 ± 0.24 g and 0.89 
± 0.23g, respectively. However, their lower chlorophyll levels 

(29.28 ± 4.80 and 35.90 ± 4.80) and reduced plant height 
suggest that excessive pineapple waste may have led to over-
acidification (pH 4.8), negatively impacting nutrient availability 
and root activity. Acidic conditions in hydroponic media can 
impair nutrient uptake and trigger micronutrient imbalances. 

The poorest performance was observed in T3 
(100% biochar), with a dry biomass of 0.60 ± 0.13 g, and T2 
(100% pineapple waste), with 0.56 ± 0.20 g. While biochar 
enhances structural properties and supports microbial 
colonization, its lack of soluble nutrients likely limited the 
productivity of T3. Conversely, the suboptimal performance of 
T2 may be attributed to high acidity and imbalanced nutrient 
composition, despite its relatively high nitrogen and potassium 
levels. 

A strong relationship between chlorophyll content 
and yield was evident across treatments, reinforcing that 
photosynthetic efficiency closely correlates with biomass 
accumulation (Liu et al., 2011). Although none of the organic 
treatments matched the yield of the synthetic control, T5 
showed considerable potential as a sustainable alternative 
with lower environmental impact when properly optimized. 

As anticipated, the performance of T1 across all 
growth and yield parameters confirms that well-formulated 
mineral solutions continue to deliver the highest productivity in 
hydroponic Brassica cultivation. These findings are consistent 
with previous nutrient-solution optimization studies, where 
balanced N–P–K ratios and micronutrient availability 
supported vigorous vegetative growth (Park & Williams, 
2024).  

Among the organic treatments, T5 outperformed 
others in terms of plant height, chlorophyll content, and 
biomass, supporting the hypothesis that vetiver biochar’s high 
surface area and porosity enhance nutrient retention and 
reduces leaching. Meanwhile, fermented pineapple waste 
provides readily available nitrogen and potassium, critical for 
leafy biomass production in Brassica crops. Similar benefits of 
biochar–organic nutrient blends have been reported in cocoa 
pod husk systems and bioorganic fertilizer studies on Pak 
choy, where improved nutrient holding and microbial-
mediated mineralization enhanced plant performance 
compared to unamended organic (Wang et al., 2022). 

In contrast, the poor performance of T2 and T3 
highlights the risks of relying solely on single-source organic 
inputs in hydroponic systems. Despite high nutrient content, 
T2’s low biomass and chlorophyll suggest that low pH (~4.8) 
and elevated EC may have induced root stress and nutrient 
imbalances–consistent with findings that food-waste–based 
hydroponic solutions often exhibit excessive salinity. Similarly, 
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T3’s low yield demonstrates that biochar’s structural benefits 
are insufficient without accompanying soluble nutrients (Park 
& Williams, 2024; Wang et al., 2025).  

Together with the intermediate responses in T4 and 
T6, these findings underscore the importance of balancing 
nutrient sources ratios and buffering capacity to avoid both 
nutrient dilution and over-acidification. 

In summary, vetiver grass biochar contributes 
structural, microbial, and retention benefits, while fermented 
pineapple waste supplies essential nutrients. Their 
combination, particularly at a 3:1 ratio (T5), represents a viable 
alternative for growers seeking to reduce dependence on 
synthetic inputs without significantly compromising yield. 

Future research should aim to optimize the biochar-
to-pineapple waste ratio while maintaining a neutral pH 
favourable for nutrient uptake. The inclusion of natural or 
commercial buffering agents may further enhance nutrient 
availability. Additionally, investigating microbial community 
dynamics within organic-amended hydroponic nutrient 
solutions will provide insights into the roles of beneficial 
microbes in nutrient absorption, disease resistance, and plant 
growth. Tracking real-time uptake of macro- and 
micronutrients will also support the development of more 
targeted nutrient strategies tailored to crop requirements and 
growth stages (Park & Williams, 2024). 

 

 

Figure 1: Pearson correlation heatmap showing the relationships among 
parameters in hydroponically grown Pak choy. 

 

3.2  Correlation analysis among growth and yield 
parameters 

The most notable correlation was observed 
between the number of leaves per plant and yield (r = 0.99, p 
< 0.001), indicating that leaf count is a highly reliable predictor 

of final biomass production in this hydroponic system. This 
strong association suggests that treatment T5, which 
promoted vigorous vegetative growth–particularly leaf 
development–directly contributed to yield accumulation. 
Biologically, this correlation is plausible because the number 
of leaves is directly linked to photosynthetic capacity. A 
greater number of leaves typically indicates a higher total 
photosynthetic surface area, resulting in increased biomass 
accumulation and yield (Cruz et al., 2022). 

Similarly, plant height also showed a statistically 
significant and strong positive correlation with yield (r = 0.99, 
p < 0.001). This suggests that taller plants may benefit from 
more efficient nutrient uptake, enhanced photosynthetic area, 
and consequently greater yield potential. These findings align 
with previous research demonstrating positive relationships 
between vertical growth and productivity in leafy vegetables 
(Liu et al., 2011). 

Chlorophyll content also exhibited a strong 
correlation with yield (r = 0.94, p < 0.01), confirming that 
chlorophyll concentration–a proxy for photosynthetic 
efficiency–is a central determinant of biomass production. 
Higher chlorophyll content typically reflects improved nitrogen 
assimilation and active photosynthetic metabolism, both of 
which are critical for yield formation (Sultana et al., 2022). 

In addition, chlorophyll content was positively 
correlated with leaf number (r = 0.97) and plant height (r = 
0.96), further reinforcing the physiological interconnections 
among photosynthetic efficiency, vegetative growth, and 
overall plant vigor (Moore et al., 2021). 

The very strong positive correlations observed 
between yield and vegetative traits–namely, leaf number, 
plant height, and SPAD chlorophyll content–demonstrate that 
these parameters serve as reliable early indicators of 
productivity in hydroponic Pak choy systems, under both 
synthetic and organic nutrient conditions. Similar correlation 
patterns have been reported in hydroponically grown leafy 
vegetables, where canopy traits and chlorophyll levels closely 
reflect final biomass output. This suggest that routine 
monitoring of these easily measurable traits can inform timely 
nutrient and pH adjustments to optimize productivity.  

From a practical perspective, these correlations 
provide a valuable tool for growers, especially those using 
organic nutrient sources. Non-destructive measurement 
measurements of leaf number, plant height, and SPAD values 
can serve as early predictors of system performance, allowing 
for intervention before yield losses become irreversible (Kwon 
et al., 2021). This predictive framework is particularly 
important in organic systems, where real-time estimation of 
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nutrient sufficiency and productivity is more complex. 

Moreover, the high degree of correlation among all 
parameters–especially the near perfect association between 
leaf number, height, yield–underscores the importance of 
vegetative traits as early performance indicators. Such 
insights can aid in maximizing yield potential by optimizing 
fertilizer management strategies in both synthetic and organic 
hydroponic systems (Srivani et al., 2021). 

Overall, the findings of this study contribute to the 
expanding body of research on organic and food–waste–
based hydroponic fertilization, which seeks to close the yield 
gap between organic and synthetic systems while promoting 
sustainable waste utilization. Recent high-impact reviews 
have emphasize that successful organic hydroponic must 
tightly regulate pH and EC, ensure adequate mineralization 
rates, and often incorporate biochar or microbial inoculants to 
stabilize nutrient availability. The performance of T5 in this 
study demonstrates that the combination of vetiver grass 
biochar and fermented pineapple waste can partially fulfill 
these criteria. This combination offers a promising approach 
to reducing synthetic fertilizer dependence while enabling the 
circular reuse of local agro-industrial by-products (Matius et 
al., 2022; Park & Williams, 2024; Wang et al., 2025). 
Nonetheless, further research is required to optimize nutrient 
ratios, refine buffering strategies, and conduct multi-crop 
validation trials before before these practices can be 
recommended for large-scale commercial adoption. 

4. CONCLUSION  
This study demonstrated that integrating vetiver 

grass biochar and liquid pineapple waste can influence the 
growth performance and yield of hydroponically grown Pak 
choy. Among the organic treatments, the combination of 75% 
biochar and 25% pineapple waste (T5) resulted in the highest 
mean values of chlorophyll content, moderate plant height, 
and improved yield compared to other organic combinations. 
These results highlight the potential of optimizing the balance 
between the nutrient-holding capacity of bio-char and the 
nutrient-rich composition of pineapple waste.  

Although the synthetic AB fertilizer (T1) 
consistently outperformed all treatments across measured 
parameters-as expected-the performance of the 75% biochar 
and 25% pineapple waste treatment (T5) demonstrate the 
potential of sustainable organic input to serve as a partial 
alternatives to conventional fertilizers in hydroponic systems. 

Moreover, correlation analysis revealed strong 
positive relationships among plant height, number of leaves 
per plant, chlorophyll content, and yield. These findings 
confirms that vegetative growth traits are reliable early 

indicators of productivity in hydroponically grown Pak choy 
and emphasize the importance of selecting nutrient sources 
that enhance photosynthetic efficiency and vegetative vigor. 

For future research, comprehensive studies are 
recommended to assess the long-term effects of Vetiver grass 
biochar and liquid pineapple waste. Key areas of focus should 
include optimizing nutrient formulations, managing pH 
imbalances, and evaluating efficacy across a range of crops 
and hydroponic environments to support wider adoption of 
sustainable organic nutrient source. 
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