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Abstract: The purpose of this study was to investigate the effects of different
hydroponic systems on the growth and yield of Pakchoi (Brassica rapa var.
chinensis). The experiment was conducted using a Randomized Complete Block
Design (RCBD) to compare three hydroponic cultivation systems: (1) Deep
Flow Technique (DFT), (2) Nutrient Film Technique (NFT), and (3) Drip
Hydroponics System (DHS). Each treatment consisted of 10 individual plants,
yielding a total of 30 experimental units. Plants were cultivated for 35 days after
transplanting under controlled laboratory conditions. The nutrient solution was
maintained at a pH range of 5.5-6.5 and an electrical conductivity (EC) of 1.5-
2.5 mS cm™. Environmental parameters were carefully regulated, including
temperature (20-25 °C), relative humidity (60-70%), and light intensity (200-
250 pmol m2 s71), under a 16 h light/8 h dark photoperiod. The results indicated
that the cultivation system had a statistically significant effect (p < 0.05) on plant
height, leaf width, and fresh weight yield. Pakchoi grown under the DHS
treatment exhibited superior growth performance, with an average plant height
of 41.71 cm, leaf width of 14.67 cm, and fresh weight yield of 64.8 g, all of which
were higher than those observed in the NFT and DFT systems. In addition,
qualitative observations revealed improved leaf expansion and greater canopy
development under the DHS treatment. These findings demonstrate that the
Drip Hydroponics System is an effective cultivation approach for enhancing
Pakchoi growth and yield under controlled-environment conditions.
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1. Introduction

Hydroponic cultivation is an agricultural technology that replaces soil
with nutrient solutions for crop production [1]. This approach minimizes soil-
borne diseases, reduces land requirements, and has been widely adopted in
both commercial and research contexts [2]. Nevertheless, hydroponic systems
require precise management of fertilizer application and close monitoring of
environmental parameters, particularly pH and electrical conductivity (EC),
which directly influence nutrient uptake and plant growth. Proper regulation
of these factors can significantly enhance crop performance and yield. Recent
advances in hydroponic technology have focused on improving production
efficiency through automation and sustainable practices. For instance,
automated irrigation and fertigation systems have been widely implemented in
vertical farming operations [3]. In addition, the integration of organic fertilizers

ASEAN ]. Sci. Tech. Report. 2026, 29(4), e261311.

https://doi.org/10.55164/ajstr.v29i4.261311



ASEAN ]. Sci. Tech. Report. 2026, 29(4), e261311. 20f9

and beneficial microorganisms has been explored to reduce reliance on chemical inputs and enhance system
sustainability [4-5]. Complementary technologies, such as LED lighting, have been adopted to stabilize light
conditions, improve photosynthetic efficiency, and enhance crop quality, thereby reducing dependence on
fluctuating natural sunlight [6]. Furthermore, non-thermal plasma treatments have been introduced to
mitigate salinity stress [7], while biological agents, including chitosan nanoparticles, have been investigated
to improve sustainability and plant resilience in hydroponic systems [8].

Several hydroponic systems are commonly employed in commercial production. The drip irrigation
system (DIS) is recognized for its ability to conserve water and improve yield quality [9]. The nutrient film
technique (NFT), also known as the thin-film system, is particularly suitable for small, fast-growing plants
due to its efficient nutrient delivery [10]. In contrast, the deep flow technique (DFT) provides greater root-
zone volume and stability, making it more suitable for supporting larger plants and achieving higher yields
[11]. Each of these systems offers distinct advantages and limitations in terms of resource efficiency, crop
compeatibility, and commercial applicability. Commercial growers widely favor Pakchoi because it reaches
maturity in 30-35 days, requires relatively low nutrient levels, and yields high per-unit-area. These
characteristics make Pakchoi an ideal crop for hydroponic cultivation, particularly in urban farming,
greenhouse production, and vertical farming systems where land and water use efficiency are critical.
Selecting an appropriate hydroponic system is therefore essential for maximizing yield and product quality
while ensuring economically and environmentally sustainable production. Although several studies have
investigated the hydroponic cultivation of Brassica crops, few have specifically focused on Pakchoi.
Therefore, the objective of this study was to compare the growth and yield performance of Pakchoi cultivated
under three hydroponic systems: DFT, NFT, and DIS. Growth parameters, including plant height and leaf
width, as well as fresh weight yield, were evaluated and subjected to statistical analysis to determine the
most suitable system for commercial Pakchoi production.

2. Materials and Methods

The experiment was conducted in a hydroponic cultivation unit measuring 0.85 x 1.20 x 1.20 meters.
Environmental parameters were controlled using artificial lighting, including LED white light and a night
light, while maintaining the room temperature between 20 and 25 °C. The nutrient solution applied for
cultivating Pakchoi was adjusted to a pH range of 5.5-6.5 and an electrical conductivity (EC) range of 1.5-2.5
mS/cm. The experiment was arranged in a Randomized Complete Block Design (RCBD) with three
hydroponic cultivation systems: Deep Flow Technique (DFT), Nutrient Film Technique (NFT), and Drip
Hydroponics System (DHS). Each treatment comprised 10 individual Pakchoi plants, yielding a total of 30
experimental units. Each plant was considered as one replicate for statistical analysis. Three hydroponic
systems were evaluated:

1. Static Hydroponics (Deep Flow Technique, DFT) This system consisted of a tank filled with
nutrient solution in which the plant roots were immersed. The solution was not continuously circulated;
however, aeration was provided through an air stone to increase dissolved oxygen levels.

2. Nutrient Film Technique (NFT): Plant roots were continuously supplied with a thin film of nutrient
solution combined with oxygen from the surrounding air.

3. Drip Hydroponics System: Nutrient solution was delivered directly to the root zone in pulses or at
predetermined intervals. This method enabled precise regulation of nutrient supply and timing, thereby
reducing water consumption.

Pakchoi seedlings were germinated for 14 days before transplantation. After transplanting, plants
were grown under hydroponic conditions for 35 days, corresponding to the typical commercial harvest
period for Pakchoi. Final harvest and yield measurements were conducted at the end of the cultivation period
(Day 35 after transplanting). During the early stage of transplantation, plain water was used in the troughs
without nutrient supplementation, and water pH was monitored. From the first day after transplantation, the
solution was replaced with a nutrient medium maintained at pH 5.5-6.5 and EC 1.5-2.5 mS/cm throughout
the growing cycle. Environmental conditions were maintained under controlled indoor conditions
throughout the experiment. The cultivation room temperature was maintained at 20-25 °C, relative humidity
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ranged between 60-70%, and light was supplied using white LED lamps with an average light intensity of
approximately 200-250 umol m~2 s7! at canopy level under a 16 h light / 8 h dark photoperiod. These
environmental conditions were kept constant across all treatments to minimize external factors that could
affect plant growth. Growth performance was assessed by measuring plant height, defined as the distance
from the base of the stem to the tip of the tallest leaf. Measurements were taken at 7-day intervals from the
time of transplantation until harvest. Leaf width was determined by measuring the broadest point of the
most fully developed leaf on each plant, conducted concurrently with height measurements. Growth rate for
both height and leaf width was calculated according to Equation (1), where Xo = initial value and X¢= Value at
time t. Fresh biomass was recorded in grams (g) using a digital scale. The collected data were subjected to
analysis of variance (ANOVA) to identify significant differences in growth and yield across the hydroponic
systems, using Design-Expert 7.0 statistical software.

Growth Rate (%) = (Xt—Xo) / Xox 100 (1)

Figure 1. Operational Procedure Diagram

3. Results and Discussion

In the experiment, Pakchoi was cultivated using three hydroponic systems: a stagnant-water system
(Deep Flow Technique, DFT), a whirlpool system (Nutrient Film Technique, NFT), and a drip irrigation
system (Drip Hydroponics System, DHS). Data were collected for plant height, leaf width, plant height
growth rate, leaf width growth rate, and yield, as presented in Figures 2(a)—4(a). These figures illustrate the
normality tests for plant height growth rate, leaf width growth rate, and yield. Figures 2(b)-4(b) present the
constant variance tests, showing the relationship between stochastic tolerance and predicted values, which
indicate no correlation between stochastic deviation and predicted values. Figures 2(c)—4(c) illustrate the
relationship between stochastic tolerance and the data sequence, while Figure 4(d) shows the relationship
between observed experimental values and predicted values. The close agreement between observed and
predicted results confirms that the statistical models applied were appropriate for predicting experimental
outcomes. Furthermore, the absence of heteroscedasticity indicates that plant height growth rate, leaf width
growth rate, and yield data were suitable for analysis of variance without the need for data transformation.
In addition to quantitative measurements of plant height, leaf width, and fresh weight, visual observations
revealed that plants grown under the DHS treatment had more fully expanded leaves and greater canopy
coverage than those grown under DFT and NFT systems. The enhanced growth performance observed under
DHS can be attributed to precise nutrient delivery, reduced root-zone waterlogging, and improved oxygen
availability. Although production costs were not quantitatively evaluated in this study, DHS is expected to
require a higher initial investment; however, it may provide long-term benefits through improved yield
efficiency and reduced water and nutrient losses.
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The adequacy analysis of the statistical models (Figures 2—4) confirms that the experimental data
were sufficiently robust for evaluating the effects of the hydroponic systems. Consequently, the data were
analyzed using analysis of variance (ANOVA). The model for plant height yielded an F-value of 121.86 and a
p-value < 0.0001, indicating that the hydroponic systems (DFT, NFT, and DHS) had a statistically significant
effect on plant height (p < 0.05). The goodness-of-fit statistics yielded R? = 0.90, Adjusted R? =0.89, and
Predicted R? = 0.87, consistent with Figure 5(a). The results demonstrate that the drip irrigation system
achieved the highest average plant height, with mean values of 30.49 cm (DFT), 37.11 cm (NFT), and 41.71 cm
(DHS). Compared with DFT and NFT, the DHS system increased plant height by 26.90% and 11.03%,
respectively. For leaf width growth rate, the statistical model yielded an F-value of 67.61 and a p-value <
0.0001, confirming significant differences among the hydroponic systems (p < 0.05). The model fit parameters
were R?=0.83, Adjusted R?=0.82, and Predicted R?=0.79, as shown in Figure 5(b). At weeks 1 and 5, the drip
irrigation system produced the highest average leaf width (14.67 cm), followed by NFT (11.87 cm) and DFT
(9.42 cm). The DHS system outperformed DFT and NFT by 35.76% and 19.09%, respectively. These findings
are consistent with those reported by [12], who indicated that commonly used hydroponic systems exhibit
distinct characteristics that differentially influence plant growth. Regarding yield, the model yielded an F-
value of 242.2 (p < 0.0001), indicating that hydroponic systems had a statistically significant effect on yield (p
< 0.05). The model fit values were R? = 0.94, Adjusted R? = 0.94, and Predicted R? = 0.93, corresponding to
Figure 5(c). The highest average yield was obtained under the drip irrigation system (64.8 g), followed by
NFT (44.5 g) and DFT (26.9 g). Overall, DHS outperformed DFT and NFT by 58.49% and 31.33%, respectively.
These results are consistent with previous studies reporting that effective water circulation enhances plant
growth [13] and that irrigation regimes significantly influence crop growth and yield [14]. Although
quantitative assessments in this study focused on plant height, leaf width, and fresh weight, qualitative
observations throughout the cultivation period revealed clear differences in plant architecture among the
hydroponic systems. Plants grown under the DHS treatment consistently exhibited a greater number of fully
expanded leaves and a more extensive canopy than those grown under DFT and NFT systems. This enhanced
leaf development suggests an increased photosynthetic surface area, which likely contributed to the
significantly greater biomass accumulation observed at harvest. Furthermore, weekly growth monitoring
revealed more stable, uniform growth patterns in DHS-grown plants, whereas plants cultivated under DFT
and NFT systems exhibited slower, less consistent development during the early growth stages. These
qualitative and temporal growth patterns support the quantitative findings and suggest that incorporating
additional growth indicators —such as leaf number, leaf area index, and daily growth rate —could provide
more comprehensive insights into system performance in future studies.

Leafy vegetables are generally reported to grow rapidly in liquid-based hydroponic systems,
including NFT, deep-water culture (DWC), ebb-and-flow, and aeroponics, as plant roots receive a continuous
supply of nutrients in oxygenated aqueous environments [15]. In NFT systems, oxygen availability is
partially maintained by exposing root tips to air; however, this configuration may result in uneven nutrient
distribution and increased sensitivity to flow interruptions. In DWC systems, adequate root oxygenation
relies heavily on supplemental aeration, and insufficient dissolved oxygen levels may induce hypoxic stress
unless additional aeration is provided [16,17]. The superior growth performance and yield observed in the
Drip Hydroponics System (DHS) are attributable to a combination of physiological and system-level
advantages. DHS enables precise and uniform delivery of nutrient solution directly to the root zone, ensuring
consistent nutrient availability throughout the cultivation cycle. In addition, intermittent nutrient solution
application minimizes prolonged root submergence, thereby improving root-zone aeration and oxygen
diffusion compared with DFT systems. This optimized balance of water, nutrients, and oxygen promotes
efficient nutrient uptake, enhanced root development, and increased photosynthetic efficiency, ultimately
resulting in greater biomass accumulation and yield. The statistically significant differences observed among
hydroponic systems further support these conclusions. Overall, the findings align with previous studies
demonstrating that drip-based hydroponic systems improve water-use efficiency, stabilize growth rates, and
enhance crop productivity relative to static or continuous-flow hydroponic systems.
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Figure 2. Diagram of the random tolerance of the growth rate of the early height (a) Normal distribution test
of the data, (b) Constant variance test, (c) Graph of the relationship between random and ordinal
tolerances, and (d) Graph of the relationship between the actual experimental results and the
predicted values.
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Figure 3. Random tolerance diagram of leaf width growth rate (a) Normal distribution test of data, (b)
constant variance test, (c) Graph of the relationship between random and ordinal tolerances, and
(d) graph of the relationship between actual experimental results and predicted values.
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Figure 4. Output random tolerance diagram (a) Normal distribution test of data, (b) Constant variance test,
(c) Graph of the relationship between random and ordinal tolerances, and (d) Graph of the
relationship between actual experimental results and predicted values.

4. Conclusions

This study compared three hydroponic cultivation systems —Deep Flow Technique (DFT), Nutrient
Film Technique (NFT), and Drip Hydroponics System (DHS) —to evaluate their effects on Pakchoi (Brassica
rapa var. chinensis) growth and yield. Growth performance was assessed based on plant height, leaf width,
and the growth rates of these traits, while yield was evaluated as fresh weight. The results demonstrated that
the Drip Hydroponics System (DHS) consistently outperformed the other two systems in promoting plant
height and leaf expansion. Although all three hydroponic systems influenced Pakchoi growth and
productivity, DHS was particularly effective in enhancing early vegetative growth and overall yield
compared with DFT and NFT. Regarding leaf width, average values of 9.42 cm, 11.87 cm, and 14.67 cm were
recorded under DFT, NFT, and DHS, respectively, indicating superior leaf development under drip
irrigation. Yield analysis further confirmed the advantages of DHS. The mean fresh weights were 26.9 g for
DFT, 44.5 g for NFT, and 64.8 g for DHS. Accordingly, the drip irrigation system produced yields that were
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58.49% higher than those obtained with DFT and 31.33% higher than those achieved with NFT. Overall, these
findings indicate that the Drip Hydroponics System is the most suitable method for the commercial
cultivation of Pakchoi, as it delivers higher yields, promotes stronger vegetative growth, and allows more
effective control of crop quality compared with stagnant water and whirlpool hydroponic systems.
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Figure 5. Cantonese planting system diagram with hydroponics (a) Plant height, (b) leaf width, and (c)
Cantonese vegetable yield.
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