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ABSTRACT

Due to climate extremes, decreasing arable land, and increasing demand for vegetable production,
traditional agriculture has become insufficient, and there is a serious need for sustainable soilless
cultivation methods like hydroponics. This study aimed to evaluate the effect of five different
growing media: cocopeat, sponge, perlite, rice husk, and sand, on the growth and yield performance
of Pak Choy (Brassica rapa subsp. chinensis) under a Nutrient Film Technique (NFT) hydroponic
system. Growth parameters, including plant height, number of leaves, leaf length and width, canopy
diameter, and shoot and root biomass (fresh and dry) were recorded. Statistical analysis, conducted
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gjg\s,\;?art%& using ANQVA and DMRT, revealed_ significant differences among the treatments. _Among the
Soilless Cultivation tested me_dla, cocopeat showed superior performance, producmg the broadest_leaf width, largest
Cococpeat canopy diameter, highest number of leaves, total soluble solids(TSS) and high root and shoot
Biomass biomass. Sponge promoted relatively higher leaf length, plant height, and chlorophyll content, but
Aeration was less effective for shoot growth. Perlite consistently underperformed across all measured

parameters. Rice husk and sand produced moderate results but lacked consistency and vigor. The
results suggest that cocopeat is the most effective medium for promoting vegetative growth and
yield in Pak Choy. Its adoption in NFT hydroponics could contribute to food security, resource
efficiency, and sustainable urban agriculture, particularly in developing countries facing land and
water limitations.
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Introduction

Traditional agriculture is largely dependent on fertile
land and ample water availability. However, it is severely
affected by urbanization, climate change, and
environmental degradation, which reduce arable lands and
water resources in prone countries like Nepal (Chhetri et
al., 2022; Thapa et al., 2021). Over the recent years, soil
productivity has been decreasing due to acidification,
biodiversity loss, and increase in salinity (Chowdhury et
al., 2024). With the increasing demand of these vegetables
across Asia, the recent production is insufficient to meet
the recommended minimum intake (Joyce Maludin et al.,
2020). So, there is growing requirement of sustainable,
economical, and efficient techniques to produce food in
limited space (Thapa et al., 2021; Chhetri et al., 2022).

Hydroponics, a widely known Controlled Environment
Agriculture, is a planting process utilizing water as a
growing medium (Vincentdo & Surantha, 2023; Ankit et
al., 2022). It is derived from two ancient Greek words,
‘hydro,” meaning water, and ‘ponos’ meaning labor. Dr.
Gericke, a California professor, used the term

“hydroponics™ for the first time in 1929, who began to
develop what previously had been a laboratory technique
into a commercial means of growing plants, which
subsequently reduced the productivity costs of various
vegetables (Prabhas & Ekka, 2024). In hydroponics, plants
are grown in a nutrient medium without the utilization of
an inactive medium to offer mechanical support instead of
soil (Thapa et al., 2021).

Several growing media can be used in a hydroponics
system that help the roots to grow and absorb nutrients
(Muslimah et al., 2024). Although these growing media are
non-nutritive in nature, a range of functions like retaining
soil moisture, providing aeration, and supporting seedlings
are played by these, which make them a vital aspect in
hydroponics (Chhetri et al., 2022). Some widely used
growing mediums in hydroponics systems are cocopeat,
perlite, vermiculite, hydroton, rice husks, and sand
(Madane & Kasal, 2018). Cocopeat has a remarkable
ability to retain water and is produced from the fibrous
husks of coconuts and has high water and nutrients-holding
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capacity (Manawasinghe et al., 2021). Similarly, due to the
lightweight characteristics and moisture-retaining ability,
sponges are also used as a growing substrate. Perlite, an
inorganic volcanic glass, is commonly used due to its
outstanding properties for aeration, drainage, and moisture
retention (Madane & Kasal, 2018). The milling of rice
produces a byproduct called rice husk, which is light in weight
and fibrous in nature, so it works as an excellent system for
aeration and drainage (Koesriharti & Istigomah, 2016). The
physical properties of substrates, such as aeration, moisture
retention, and structure, play a vital role in early vegetative
development (Asaduzzaman et al., 2015).

NFT (Nutrient Film Technique) is a very popular
hydroponics system in which plant roots are placed in
shallow nutrient-rich water and there is continuous
maintenance of nutrients and water down a channel’s
bottom for 24 hours (Kumar et al., 2023). Nutrient solution
is an important factor that determines the yield and quality
of hydroponics system (Koesriharti & Istigomah, 2016).
Hydroponics with the NFT technique utilizes water and
provides nutrients to the plants according to their needs,
circulating in the plant's roots through a thin water layer
(Muslimah et al., 2024). NFT allows for efficient capture
and reuse of drainage water and nutrients, heavily reducing
environmental waste and discharge of N, P, and K (Grewal
et al., 2011). From this, 33% recovery of 59% of N, 25%
of P, and 55% of K can be obtained along with 33%
reduction in potable water use (Grewal et al., 2011).
Considering the possibility of excess water that reduces the
oxygen amount, it is maintained to the maximum height of
3mm, and from this, plants get the requirement of nutrients,
water and air fulfilled (Puspitahati et al., 2022).

Brassicaceae is a very popular vegetable family in Nepal
and pak choy (Chinese cabbage) is one of the leafy species
of the family (Harahap et al., 2020; Ankit et al., 2022).
Brassica vegetables vegetables produce anticarcinogenic
and antioxidant compound which lead to glucosinate
digestion and block mutagenic effects in living cells
(Gobilik et al., 2021). Being an erect biennial herb, it is
widely grown in areas like Indonesia and Malaysia as an
annual vegetable (Ankit et al., 2022). However, its
popularity is expanding across regions like North America,
Awustralia, and Europe in recent years (Ankit et al., 2022;
Oliveira et al., 2024). It consists of green leaf blades with a
light bulbous bottom and forms an open head with white
stalks (Ankit et al., 2022). Pak choy, also known as Bok
chay, is a short-lived plant rich in nutrients, consisting of a
range of phytochemicals, Vitamin C, Provitamin A, fibers
and minerals (Muslimah et al., 2024; Joyce Maludin et al.,
2020). On 100 grams (3.53 0z) pak ¢ hoy plants contain a
variety of nutrients and vitamins that are needed by the body:
proteins (25%), potassium (6%), calcium (36%), iron (15%),
vitamin A (7%), as well as vitamin C (9%) (Koesriharti &
Istigomah, 2016). Due to short growth cycles and a shallow
root system, it is suited for a hydroponics system (Yee Lynn
etal., 2022). From a hydroponics system, clean and pest-free
plants are grown and their nutrients needs can be
customized, with the aim of having a high selling value
(Puspitahati et al., 2022). Plants grow larger and faster in this
system compared to the traditional method due to nutrient
provision for the attainment of maximum crop vyield
(Vincentdo & Surantha, 2023). Thus, this study aimed to
assess the influence of five different growing media

cocopeat, sponge, perlite, rice husk, and sand on the growth
and yield of pak choy in an NFT hydroponic system under
subtropical conditions in Nepal.

Materials and Methods

Experimental Site

The research experiment was conducted in a nutrient
film technique setup of hydroponics under plastic house at
Khumaltar, Lalitpur, in the Vegetable Crop Development
Centre (VCDC). The experimental area is situated at a
latitude of 27.658 degrees north and longitude of 85.3247
degrees east at an altitude of 1350 meters above sea level.
It experiences a subtropical climate with cool winters of 6-
7°C and hot temperatures of 28-30°C with a relative
humidity of 40-90% and annual rainfall of 745mm.

Experimental Design

The research was conducted in a Completely
Randomized Design (CRD). The nutrient film technique
(NFT) hydroponic system used for the experiment had 210
holes having the dimension of 9Imx2mx0.9m with a tier
holding 7 interconnected PVC pipes. Each hole has a
diameter of 6¢cm at a distance of 30cm. There were 20 plots
in growing condition. Each experiment unit consists of 10
plants. Cocopeat, perlite, ricehusk, sand and sponge were
the growing media selected to anchor the pakchoy plants in
grow cups under NFT. Thus, five treatments (T1 Cocopeat,
T2 Sponge, T3 Perlite, T4 Rice Husk, T5 Sand) each
replicated four times were designed to evaluate the pak
choy performance.

Nursery Raising

One day before sowing, cocopeat was washed with a
calcium nitrate (CaNQgs) solution in a ratio of 2.5 g of
CaNQOg per one liter of clean water and soaked in this
solution for 12 hours. The following day, the seedling tray
was filled with the soaked cocopeat, and pak choy seeds
were placed inside them properly. The seedlings were
raised inside the greenhouse, where they received
sufficient sunlight. Typically, pak choy requires 28 to 30
days from sowing to be ready for transplanting into the
main nutrient film technique hydroponic setup.

Nutrient Solution Preparation

A standard hydroponic fertilizer, concentrated nutrient
solution A and B were used in protected hydroponics. The
composition of nutrient solution A and nutrient solution B
is listed in the Table 1 along with their concentration.

The nutrient solution was prepared using a standard
hydroponic formulation. The nutrient was prepared by
using lukewarm water at a temperature of approximately
30-35°C. The electrical conductivity (EC) and pH of the
solution were monitored daily and maintained at 1.4-1.8
mS c¢cm™ and 5.5-6.5, respectively. These ranges were
selected based on previous studies reporting optimal
growth, nutrient uptake, and quality of pak choy and other
leafy vegetables under hydroponic systems. Medium EC
levels (approximately 1.5-2.4 mS cm™) have been shown
to enhance photosynthesis, biomass accumulation, and
quality attributes of pak choy, while excessively low or
high EC levels negatively affect plant performance (Ding
et al., 2018). Similarly, maintaining nutrient solution pH
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between 5.5 and 6.5 is widely recommended to ensure
optimal nutrient availability and absorption in hydroponic
leafy vegetable production. The pH of the nutrient solution
was adjusted using dilute acid or base as required (Sharma
& Yadav, 2025).”

Each solution was prepared separately and added to the
nutrient tank, followed by continuous circulation (Figure 1).

Parameters Recorded

Data were collected from five randomly selected plants
per treatment. Vegetative growth parameters, including
plant height (cm), number of leaves, leaf length, leaf width
and canopy diameter (cm) were recorded at 7-day
intervals(Ankit et al., 2022). Leaf measurements were
obtained from three randomly selected leaves per plant.
Fresh biomass was measured at harvest, while dry biomass
was determined after oven drying the samples at 70°C for
48 hours at constant weight (Widiatmika, 2007).

Yield parameters were evaluated using freshly
extracted leaf juice. Total Soluble Solids (TSS) were
measured with a digital refractometer and expressed as
‘Brix. pH was determined using a digital pH meter.
Photosynthetic pigments, Chlorophyll a and chlorophyll b
were extracted from fresh leaf tissue using dissolving
solvent. Absorbance was measured at 663 nm and 645 nm
with a spectrophotometer, and pigment concentrations
were calculated according to Arnon (1949).

Table 1. Compositions of Nutrient Solution used in NFT
hydroponics.

Nutrient A Concentration
(9/l)
Potassium nitrate 45.3
Calcium nitrate 26.7
Ammonium nitrate 1.33
Fe-chelate (6%) 3
Nutrient B Concentration
(9/n)
Potassium dihydrogen phosphate 20
Magnesium sulphate 15.3
Potassium sulphate 14.7
Potassium Chloride 0.16
Zinc sulphate 0.23
Boron 0.23
Copper sulphate 0.03
Sodium molybdate 0.01
Seed sowing (3™ April)
|
NFT sanitation
Nutrient solution Il Growing media
preparation ‘#} preparation
Transplanting (3" May)
Application of ﬂ Adjustment of EC
nutrient soluti 3 and pH
Data collection (7DAT, 14DAT, 21DAT, 28DAT, 35DAT)
3
Harvesting
3

Data collection

Figure 1. Methodology of Experiment

Statistical Analysis

All recorded data were compiled in Microsoft Excel
and analyzed using R software (version 4.3.2). Analysis of
variance (ANOVA) was conducted at a 5% level of
significance. Treatment means were separated using
Duncan’s Multiple Range Test (DMRT) to determine
statistically significant differences among treatments.

Results

Leaf Morphology

As shown in Table 2, the choice of growing media
significantly affected leaf morphology and canopy
development in pak choy. Cocopeat resulted in overall the
greatest leaf width (11.68 cm) and the broadest canopy
diameter (31.53 cm), indicating vigorous vegetative
growth. Interestingly, Sponge produced the longest leaf
length (19.98 cm), even though it underperformed in leaf
width. This may be due to a high-water retention capacity
of the sponge, which facilitates elongation growth. The
extreme underperformance was shown by perlite with a
leaf width of 7.68 cm and the canopy diameter of 26.05 cm.

Plant height

Plant height varied significantly among growing media
at all observation dates (Table 3). Sponge consistently
supported the tallest plants, reaching 15.70 cm at 35 DAT,
indicating its capacity to retain moisture and promote
vertical growth. Cocopeat, perlite, and sand showed
moderate heights (13-13.6 cm), while rice husk resulted in
the shortest plants (11.00 cm).

Number of Leaves

The number of leaves in pak choy grown in different
media showed different results (Table 4). No significant
differences were observed at 7 DAT, indicating uniform
early-stage leaf emergence across media. However, from
14 DAT onward, the differences became statistically
significant (p < 0.05 to p < 0.001), reflecting the
differential effects of media on vegetative development. At
35 DAT, cocopeat resulted in the highest number of leaves
(14.33), indicating superior vegetative growth. Sponge and
sand were comparable but slightly lower, with 13.23 and
12.30, respectively. Perlite consistently exhibited the
fewest leaves (9.32) at harvest, aligning with its lower
performance in other growth parameters.

Shoot and Root Biomass

As shown in Figure 2, fresh and dry weights of roots
also varied significantly across media. The highest fresh
root weight was found in cocopeat (21.63 g), followed
closely by sand (21.45 g) and sponge (18.95 g). The dry
root weight was highest in cocopeat (2.06 g), while perlite
recorded the lowest values for both fresh (18.1 g) and dry
root weights (1.30 g).

Figure 3 shows the fresh and dry shoot weights of Pak
Choy grown in different growing media under the NFT
hydroponic system. The highest fresh shoot weight was
recorded in cocopeat (164 g), followed by sponge (158 g)
and sand (145.75 g). In terms of dry shoot weight, cocopeat
(11.14 g) and sponge (11.02 g) were nearly identical and
significantly higher than other treatments.
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Table 2. Effects of growing media in NFT on leaf morphology and canopy size of Pak Choy

Treatments Leaf length(cm) Leaf Width(cm) Canopy Diameter(cm)
Cocopeat 19.202 11.682 31.532
Perlite 17.24° 7.68¢ 26.05¢
Ricehusk 13.76¢ 9.80P 29.65P
Sand 17.71° 10.33° 29.65°
Sponge 19.982 10.04° 30.79°
SEm(z) 0.44 0.26 0.36
LSD(0.05) 1.34 0.79 1.09
F_test *kk *kk *kk
CV, % 5.05 5.29 2.45
Grand mean 17.58 9.91 29.53

Note: CV — Coefficient of Variation, SEm — Standard Error of the mean, LSD — Least Significant Difference, ***- significant at 0.001% of significance

Table 3. Effects of growing media in NFT on plant height (cm) over the time period.

Treatments 7 DAT 14DAT 21DAT 28DAT 35DAT
Cocopeat 6.41b¢ 8.59P 10.64° 12.52° 13.69°
Perlite 6.25% 8.57° 10.58° 12.16° 13.46°
Ricehusk 5.75¢ 7.53¢ 8.61° 9.62¢ 11.00¢
Sand 6.59% 7.96% 9.77° 11.67° 13.11°
Sponge 7.272 9.89 11.902 13.632 15.702
SEm(z) 0.23 0.23 0.28 0.30 0.32
LSD(0.05) 0.70 0.70 0.85 0.92 0.95
F_test * *%* **%x% **%* **%*
CV, % 7.22 5.49 5.44 5.11 471
Grand mean 6.45 8.51 10.30 11.92 13.39

Note: CV — Coefficient of Variation, SEm — Standard Error of the mean, LSD — Least Significant Difference, * - significant at 0.05% level of
significance, ** - significant at 0.01%level of significance ***- significant at 0.001% of significance

Table 4. Number of leaves of Pak Choy on different growing media

Treatments 7 DAT 14DAT 21DAT 28DAT 35DAT
Cocopeat 5.46 8.532 9.922 12,512 14.332
Perlite 4.70 6.65" 6.87¢ 8.21° 9.32¢
Ricehusk 4,55 7.01° 8.93%» 10.37° 12.05°
Sand 5.13 8.262 8.40P 9.63 12.30°
Sponge 5.05 7.25P 8.90% 11.887 13.23®
SEm(%) 0.30 0.31 0.40 0.49 0.51
LSD(0.05) - 0.92 1.22 1.49 1.53
F_test ns ** ** *k*k *k*k
CV, % 12.05 8.11 9.44 9.39 8.27
Grand mean 4.98 7.53 8.54 10.52 12.24

Note: CV — Coefficient of Variation, SEm — Standard Error of the mean, LSD — Least Significant Difference, ns — non significant, ** - significant at

0.01%level of significance, ***- significant at 0.001% of significance

The superior performance of cocopeat can be attributed
to its excellent water retention, aeration, and nutrient
buffering capacity, which favor vegetative growth and
biomass accumulation. In contrast, perlite resulted in the
lowest fresh (121 g) and dry shoot weights (8.63 g), likely
due to its limited ability to retain nutrients and moisture.

Quality Parameters

The effect of different growing media on TSS, pH, and
chlorophyll content is presented in Table 5. A highly
significant variation (p < 0.001) was observed among the
media for TSS, chlorophyll a, chlorophyll b, and total
chlorophyll content, while the effect on pH was non-
significant.

Total soluble solids (TSS) were markedly influenced
by the type of substrate. The highest TSS value was

recorded in cocopeat (4.65 °Brix), followed by rice husk
(4.30 °Brix), whereas the lowest values were observed in
perlite (3.43 °Brix) and sand (3.50 °Brix). Chlorophyll
pigments also varied significantly across media. Sponge
medium consistently outperformed the others, showing the
highest values for chlorophyll a (1.81 mg g' FW),
chlorophyll b (0.81 mg g™! FW), and total chlorophyll (2.63
mg g' FW). In contrast, sand exhibited the lowest
chlorophyll a (1.36 mg g FW) and total chlorophyll (1.99
mg g' FW).

On the other hand, the pH of plant extracts remained
statistically unaffected by the growing medium, with
values ranging narrowly between 6.08 and 6.30. This
indicates that substrate type did not exert a notable
influence on the acidity of plant tissues under the present
experimental conditions.
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Figure 2. Average fresh and dry root weight of Pak Choy Figure 3. Average fresh and dry shoot weight of Pak choy

on different growing media
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Table 5. Quality parameters in pak choy observed across different soilless substrate in NFT

Treatments TSS (°Brix) pH Chla Chlb Total Chlorophyll
Cocopeat 4.65% 6.08 1.49b¢ 0.57° 2.16"
Perlite 3.43¢ 6.30 1.47b¢ 0.53" 2.07°
Ricehusk 4.3° 6.15 1.61° 0.49° 2.10P
Sand 3.50¢ 6.20 1.36¢ 0.47° 1.99°
Sponge 3.90¢ 6.10 1.812 0.812 2.632
SEm(%) 0.11 0.07 0.06 0.04 0.065
LSD(0.05) 0.33 - 0.17 0.12 0.2
F_test *kx nS *kk *k*k *k%k
CV, % 5.55 2.12 9.39 13.64 5.99
Grand mean 3.97 6.17 10.52 0.57 2.19

Note: CV — Coefficient of Variation, SEm — Standard Error of the mean, LSD — Least Significant Difference, ns — non significant, ***- significant at

0.001% of significance

Discussion

The finding for leaf morphology aligns well with the
study conducted by Chhetri et al. (2022) and Saleh et al.
(2022), who reported that cocopeat enhances leaf size and
spread due to its superior water holding capacity and
aeration properties. Furthermore, Asaduzzaman et al.
(2015) also observed that porous substrates like cocopeat
significantly improve vegetative traits in horticultural
crops. However, contradictory to the results of Muslimah
et al. (2024), who noted poor sponge performance due to
over-saturation and limited nutrient exchange, our study
showed best performance of sponge in producing long
leaves. Similar inconsistencies in sponge behavior were
reported by Parmila et al. (2020) in lettuce, highlighting the
need for further optimization when using sponge as a
medium. Perlite consistently underperformed, supporting
the findings of Koesriharti & Istigomah (2016) and Parmila
et al. (2020), who also found reduced vegetative growth
when perlite was used alone. Its lack of nutrient buffering
and rapid drainage may not provide sustained moisture
levels suitable for leafy crops like pak choy.

The observation in plant height partially aligns with
Koesriharti & Istiqgomah(2016), who reported enhanced
height using combinations of sand and rice husk, though in
the current study rice husk underperformed, possibly due
to suboptimal porosity or moisture retention in the NFT
system. As per the research conducted by Chhetri et al.
(2022), perlite showed the shortest plant height, which is
similar to our study, where perlite showed a low
contribution in increasing plant height.

Cocopeat produced a greater number of leaves, which
is in line with findings by Chhetri et al. (2022) and Joyce
Maludin et al. (2020), who reported enhanced shoot

development in leafy greens grown in cocopeat-based
substrates. Parmila et al. (2020) reported that lettuce grown
in cocopeat and organic-rich substrates outperformed those
grown in perlite or sand. A similar finding was reported in
Koesriharti & Istigomah (2016) and in chrysanthemum
studies by Manawasinghe et al. (2021), where rice husk
improved overall substrate structure when used in
combination.

Additionally, Saleh et al. (2022) stated in their research
that microgreens, including pak choy, showed significantly
higher shoot length and biomass when cultivated in
mushroom compost-based media compared to inert media.
Rice husk performed moderately across all traits, and while
it did not excel, its sustainability and availability make it a
potential additive for improving aeration and drainage,
especially when mixed with compost or cocopeat. These
results highlight that sponge and cocopeat are more
effective at maintaining a root-friendly environment due to
their porosity and ability to hold moisture without
waterlogging. Although sand produced a relatively high
root mass, it did not translate into proportionally high shoot
biomass, possibly due to its lower nutrient-holding
capacity.

As per the research conducted by Chowdhury et al.
(2024), the range of pH varied from 5.74 to 6.39 in
hydroponically grown lettuce. Muslimah et al. (2024)
conducted a study in which plants grown in sponge had a
higher chlorophyll a and chlorophyll b content, which
supports the findings of our research. Pak choy grown in
sand and rice husk medium also had comparably higher
content of chlorophyll, similar to the finding of our work
(Koesriharti & Istiqgomah, 2016).
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Conclusion

This study evaluated the influence of five growing
media: cocopeat, sponge, perlite, rice husk, and sand on the
growth and quality performance of pak choy cultivated
under an NFT hydroponic system. The results indicated
that the choice of substrate plays a crucial role in
determining the success of leafy vegetable production in
soilless environments.

Cocopeat proved to be the most effective medium,
yielding the highest values in plant height, leaf number,
canopy spread, both shoot and root biomass, and total
soluble solids(TSS). Its beneficial characteristics,
including high porosity, good moisture retention, and
moderate nutrient buffering, made it ideal for hydroponic
pak choy production. Sponge was promising for high
chlorophyll content, root growth, and taller plant height,
but it resulted in shoot biomass, likely due to limited
nutrient-holding capacity. Perlite performed poorly in all
aspects, highlighting its limitations when used alone in
hydroponic cultivation.

The moderate performance of rice husk and sand
suggests they may serve as complementary components
when mixed with more efficient organic media like
cocopeat. These align with related research showing
enhanced growth and nutrient uptake in leafy greens grown
in cocopeat-based substrates. Consequently, this study
strongly endorses cocopeat as the main substrate for NFT
hydroponic cultivation of pak choy. Its use could be
particularly beneficial in regions with limited arable land
and water resources. Future research may explore
combining cocopeat with agricultural by-products to create
cost-effective and sustainable media blends suitable for
wider adoption.
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