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Abstract. Pakcoy plants are leafy vegetables widely cultivated with Urban 

Farming technology because they have high economic value. One of the 

technologies is the DFT (Deep Flow Technique) hydroponic method, and 

floating rafts are popular and widely used. This study aimed to determine 

the differences between the DFT and floating raft hydroponic methods on 

the growth and yield of 2 varieties of pakcoy plants. The study was 

conducted in January - May 2024 at the Batu Urban Farming Green House. 

The design used was a Split Plot Design where the main plot of the 

hydroponic method (M) consisted of 2 levels: m1 = DFT and m2 = floating 

raft. The sub-plots were pakcoy varieties (V) consisting of (v1 = green 

pakcoy and v2 = red pakcoy). The results showed that the combination of 

the green pakcoy floating raft method treatment had the highest value in the 

number of leaves, leaf area, root length, root volume, total fresh weight, 

fresh weight for consumption, total dry weight, and dry weight for 

consumption.  

1 Introduction  

Pakcoy production in Indonesia experienced fluctuations between 2018 and 2023, influenced 

by various factors such as climatic conditions, changes in cultivated land area, and cultivation 

techniques. In 2018, pakcoy production was recorded at 635,982 tons, increasing to 667,473 

tons by 2020. However, there was a slight decline in production in the subsequent years until 

2022. In 2023, production showed an upward trend again, attributed to improved cultivation 

techniques and more efficient land use [1].  

This increase in market demand is due to the growing utilization of pakcoy both for 

consumption and medicinal purposes. This trend contrasts with the decline in irrigated and 

non-irrigated paddy fields. According to data from the Central Statistics Agency (BPS) of 

East Java Province in 2018 [2], the area of irrigated and non-irrigated paddy fields decreased 

annually, from 1,176,650 hectares in 2016 to 1,174,586 hectares in 2017. This calls for efforts 

to cultivate crops that meet the increasing demand each year, including implementing urban 

farming technology. 
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Urban farming can be applied to cultivation areas with limited space in urban settings 

[3][4]. The urban farming technology most commonly adopted utilizes hydroponic methods 

due to their relatively higher productivity, sterility, and ease of application. Hydroponics is a 

method of cultivation that does not use soil as a binding medium for the various nutrients 

required by plants [5][4]. One of the hydroponic methods widely employed in crop 

cultivation is the Deep Flow Technique (DFT) [5] [6] and the floating raft method [3][7][8]. 

The Deep Flow Technique (DFT)[9] is a cultivation method that uses a nutrient solution 

as the growing medium and provides essential elements for plants. The DFT and Floating 

Raft research that was conducted is (a). Continuous water flow is used to maintain sufficient 

oxygen supply for plant roots; (b). Automatic nutrient regulation by utilizing sensors to 

monitor and adjust nutrient levels and pH of the solution; (c). Efficient energy use using 

energy-efficient water pumps for nutrient water circulation; (d). Vertical use of space: DFT 

can be applied in vertical systems to maximize growing space [7][8] [9]. 

Research for floating raft techniques that have been conducted include (a). Making a solid 

and durable floating raft design using lightweight and waterproof styrofoam for rafts; (b). 

Use aerators by inserting aerators to maintain oxygen supply in the nutrient solution so the 

roots remain healthy; (c). Use greenhouses or polytunnels to protect plants from extreme 

weather and extend the growing season. Research that has not been done for DFT and floating 

rafts is the use of AI and IoT (Internet of Things) to develop artificial intelligence-based 

automation systems for nutrient, pH, temperature, and oxygen regulation, as well as early 

detection of problems such as root disease or nutrient disturbances [10][9] 

The variety of pakchoy can affect yield when grown in DFT and floating raft hydroponic 

systems. Some varieties will be suitable for DFT due to their ability to utilize continuous 

water flow and good aeration. Other varieties may be better suited to floating raft systems 

that require adaptation to submerged root conditions [10] [11]. 

Based on the discussion above, this study addresses how hydroponic methods 

(specifically DFT and floating raft) can enhance the growth and yield of two varieties of 

pakcoy and mitigate the annual decrease in agricultural land, which is increasingly being 

converted to non-agricultural uses. This study aims to determine the interaction differences 

between the DFT and floating raft hydroponic methods on the growth and yield of two 

varieties of pakcoy. 

2 Methodology  

This research was conducted from January to May 2024 at the Batu Urban Farming 

Greenhouse “Training and Education in Hydroponic Plant Cultivation” located at Jalan 

Cempaka No. 12, Pesanggrahan Village, Batu City, East Java. Pesanggrahan Village is 

situated in an urban area of 900-1000 meters above sea level, with annual rainfall intensity 

between 2000-3000 mm and daily temperatures ranging from 24°C to 26°C. 

The experimental design used a Split-Plot Design (SPD) arranged factorially. The first 

factor, serving as the main plot, was the hydroponic method (M) with two levels: M1 (DFT 

Method) and M2 (Floating Raft Method). The second factor, serving as the sub-plot, was the 

variety of pakcoy (V), which also had two levels: V1 (Green Pakcoy) and V2 (Red Pakcoy). 

Each treatment was replicated three times, including three sample plants. 

The growth variables measured included the number of leaves and leaf area, which were 

calculated using a correction factor. The yield variables observed included total root length 

(calculated using the formula: L = (1/4 π × (H + V) × grid paper units (mm), where H = 

horizontal root length and V = vertical root length after being projected onto graph paper), 

root volume (calculated with the formula RV = V2 - V1, where V2 = final volume, and V1 

= initial volume), total fresh weight of the plant, consumable fresh weight of the plant, total 

dry weight of the plant, consumable dry weight of the plant, and harvest index (%). The 
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experimental data were analyzed using analysis of variance (ANOVA) with a 5% 

significance level to determine the effect of the treatments, followed by the Least Significant 

Difference (LSD) test at the 5% level if the treatment effect was significant. Correlation 

analysis was performed to establish relationships between the observed growth and yield 

variables.  

3 Result and Discussion 

3.1 Growth Variables 

The results of the variance analysis indicated that the combination of hydroponic methods 

and pakcoy varieties had a significant interaction effect on the variables of leaf number (Table 

1) and leaf area (Table 2) at all observation periods (1, 2, 3, 4, and 5 weeks).

Table 1. Number of leaves during the growth of pakcoy plants. 

Treatments 
Number of Leaves (blade, weeks) 

1 2 3 4 5 

M1V1 3,11 a 4,94 ab 7,83 ab 10,22 ab 12,83 ab 

M1V2 3,11 a 4,67 a 6,33 a 8,00 ab 9,67 ab 

M2V1 3,44 b 5,56 b 8,31 b 10,69 b 13,08 b 

M2V2 3,61 b 5,25 b 6,53 ab 7,33 a 9,31 a 

LSD 5% 0,20 0,36 1,96 3,35 4,81 

  Note: numbers accompanied by the same column show no significant difference in the 5% 

LSD test; NS= non significant; M1=   DFT system hydroponic method; M2 = Floating 

Raft system hydroponic method V1 = green pak choi variety; V2 = red pak choi 

variety. 

The DFT method can produce more leaves due to better aeration and more even 

distribution of nutrients. Plant roots remain healthy with sufficient oxygen supply, thus 

supporting more optimal leaf growth [12][13]. Based on Table 1. This shows that DFT has 

no significant difference from the floating raft method because it has been equipped with an 

aerator, which maintains aeration and impacts the nutrient solution being appropriately 

circulated [14][15]. Aerators installed on the floating raft method create good oxygenation 

management to avoid anaerobic conditions that can inhibit leaf growth [16] [17].    

Table 2. Leaf is during the growth of pakcoy plants. 

Treatments 
Leaf area (cm2, weeks) 

1 2 3 4 5 

M1V1 5,53 ab 30,61 ab 160,26 ab 595,95 ab 1123,35 ab 

M1V2 4,69 a 21,53 a 82,49 a 317,49 ab 576,59 ab 

M2V1 7,31 b 47,14 b 259,00 b 670,98 b 1234,24 b 

M2V2 5,82 ab 25,25 ab 87,21 ab 249,43 a 437,07 a 

LSD 5% 1,50 20,00 155,16 418,11 789,73 
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Note: numbers accompanied by the same column show no significant difference in the 5% 

LSD test; NS= non significant; M1=   DFT system hydroponic method; M2 = Floating 

Raft system hydroponic method V1 = green pak choi variety; V2 = red pak choi variety. 

Leaf area is significantly influenced by light intensity and duration, which are crucial for 

photosynthesis and thus affect leaf growth [18][19]. The availability and balance of nutrients 

[20], particularly nitrogen [21][22], phosphorus [23] [24], and potassium [25],  are critical 

for leaf development. Additionally, in hydroponic systems, the pH and mineral content of the 

water must be optimal to ensure adequate nutrient absorption [26]. 

The cultivation of pakcoy using hydroponic methods varies and presents both advantages 

and disadvantages. The choice of an appropriate hydroponic method is essential for 

successful cultivation [27], as it can also help minimize production costs [28][29], given that 

the volume of nutrient solution required differs across methods. 

The floating raft method [30] tends to be more favorable for leaf area expansion compared 

to the DFT method [9][6]. This is because the water is not circulated constantly, making this 

system more water and nutrient-efficient. Evaporation and water loss are minimized, and 

nutrients can be utilized more efficiently. The DFT system [6], requiring continuous water 

flow, may lead to higher water and nutrient usage and potential loss if not properly managed. 

The floating raft method uses a higher volume of nutrient solution than the DFT method. 

A higher volume of nutrient solution can help maintain a more stable temperature within the 

solution, unlike lower volumes. However, higher solution temperatures can reduce dissolved 

oxygen levels due to anaerobic respiration [31]. Oxygen deficiency at the roots occurs 

because the pore spaces in the plant roots are filled with water; in both the DFT and floating 

raft methods, plant roots are submerged in the nutrient solution [5], which can negatively 

impact the uptake of nutrients and water [32][13]. 

In the floating raft method, the green pakcoy variety exhibited the best performance in 

terms of leaf number and leaf area. However, these results were not significantly different 

from the DFT method using both the green and red pakcoy varieties. However, the red pakcoy 

grown using the floating raft method showed the lowest values, likely due to genetic 

differences and the broad leaves of the green pakcoy, which may have overshadowed the red 

pakcoy, reducing its sunlight exposure. Sunlight is a crucial factor in the photosynthesis 

process. Adequate nutrient availability and sufficient sunlight result in high photosynthate 

production, most of which is allocated to all parts of the plant to form leaves, roots, and stems. 

The results of the variance analysis showed that the combination of hydroponic methods 

and pakcoy varieties had a significant interaction effect on all variables, including total root 

length, root volume, dry weight per plant, consumable dry weight, fresh weight per plant, 

and consumable fresh weight. The averages of these variables can be seen in Figure 1 and 

Table 3. 

The treatment involving the floating raft method with the green pakcoy variety (M2V1) 

resulted in the highest total root length. However, it was not significantly different from the 

DFT method with the green pakcoy variety (M1V1) and the floating raft method with the red 

pakcoy variety (M2V2). For root volume, the floating raft method with the green pakcoy 

variety (M2V1) also achieved the best value, although it was not significantly different from 

the DFT method with the green pakcoy variety (M1V1) and the DFT method with the red 

pakcoy variety (M1V2).  
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A B 

Figure 1. Total root length (A) and Root volume (B) pakcoy plants grown hydroponically 

using the DFT method and floating rafts. 

Table 3. Total wet weight, economic wet weight, and economic dry weight. 

Note: numbers accompanied by the same column show no significant difference in the 5% 

LSD test; NS= non significant; M1=   DFT system hydroponic method; M2 = Floating Raft 

system hydroponic method V1 = green pak choi variety; V2 = red pak choi variety. 

Table 3 shows that the floating raft method with the green pakcoy variety (M2V1) resulted 

in the highest weights in the variables of dry weight per plant, consumable dry weight, fresh 

weight per plant, and consumable fresh weight. However, the differences were not 

statistically significant compared to the DFT method with the green pakcoy variety (M1V1) 

and the DFT method with the red pakcoy variety (M1V2). 

Although the roots are fully submerged in the floating raft method, oxygenation is 

generally well-maintained using an aerator or natural methods. The large volume of water 

also helps to stabilize oxygen levels. In contrast, with its thin layer of flowing water, the DFT 

method may encounter high oxygen demand, mainly if flow interruptions occur, leading to 

plant stress [6][16]. 

Roots are crucial organs for plant respiration and nutrient absorption. Root development 

can be influenced by nutrient availability, water temperature, and dissolved oxygen levels in 

hydroponic systems. According to [33], the more prolonged and more extensive the root 

system [34], the greater the uptake of nutrients and water [35], resulting in better 

photosynthesis. Genetic factors of the variety also play a role in determining the growth and 

development of the plant, especially the roots. Apart from genetic composition, nutrient 

factors can also determine root growth and development. Nutrients such as Mg can affect the 
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conductivity of the hydroponic nutrient solution. Deficiencies in nutrients like K and Mg can 

hinder root development in hydroponic systems, thereby impairing nutrient absorption by the 

plant [36]. 

Plant production is often determined by fresh weight, which reflects the development and 

accumulation of plant tissues such as leaves, stems, and roots, influenced by nutrient content 

and water levels within the plant's cellular tissues. Factors affecting fresh weight include 

nutrient levels and the application of solvents used in cultivation, such as in hydroponic 

methods. In hydroponic cultivation, fertilizers are applied as a solution, allowing nutrient 

uptake to align with the rate of solvent water absorption. Nutrient solutions must be provided 

at appropriate concentrations; low-concentration solutions often fail to meet the plant's needs, 

leading to suboptimal growth [37]. 

The floating raft method has advantages about the yield of pakcoy plants, primarily due 

to the larger volume of water, which helps maintain better stability of nutrients and oxygen 

[6] [38] [31][39]. The roots are fully submerged in the solution, ensuring a consistent supply

of nutrients and oxygen. In contrast, the DFT system [6][16] submerges only part of the roots

in the flowing water, making it more susceptible to nutrient and oxygen levels changes,

mainly if pump system issues arise.

The dry weight of the harvest is an accumulation of organic matter produced through 

photosynthesis occurring in the vegetative parts of pakcoy during the growth phase. The 

amount of photosynthate produced can be inferred from the plant's dry weight; higher dry 

weight indicates better photosynthetic efficiency. The harvest index is closely related to the 

fresh and consumable fresh weights per plant. A slight difference between these two weight 

parameters results in a high harvest index, whereas a more significant difference lowers the 

harvest index. In pakcoy cultivation, the fresh weight of the harvest is a crucial indicator of 

success in leafy vegetable cultivation. 

3.2 Correlation Coefficients between Growth and Yield of Two Pakcoy Varieties 

with Different Hydroponic Methods 

The relationship between growth variables, production, and Fe content was determined based 

on the correlation coefficient (r). The r values, indicating the relationship between growth 

and yield variables, are illustrated in Table 4. The number of leaves and leaf area strongly 

correlated with yield variables, except for the total root length, which exhibited strong to 

moderate correlations with r values of 0.64 and 0.58, respectively. Total root length 

correlated moderately to firmly with yield variables, with r values ranging from 0.43 to 0.60, 

while root volume had a robust correlation with all other yield variables, with r values 

ranging from 0.96 to 0.99. 

The correlation relationships between variables in Table 4 indicate that total root length 

has a moderate relationship with all variables except for the total dry weight of the Pakcoy 

plants. The correlation between root length and root volume, total fresh weight, economic 

fresh weight, and economic dry weight in Pakcoy plants grown using hydroponic methods 

tends to be moderate due to several influencing factors. While root length is essential for 

water and nutrient absorption, longer roots do not necessarily translate into greater root 

volume or higher weight. Other factors, such as root branching and thickness, affect root 

volume and weight.  
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Table 4. The correlation coefficient of growth and yield variable. 

Variable 

Numbe

r of 

Leaves 

Lea

f 

Are

a 

Total 

Root 

Lengt

h 

Root 

Volum

e 

Total 

Wet 

Weigh

t 

Wet 

Weight 

Economi

c 

Total 

Dry 

Weigh

t 

Dry 

Weight 

Economi

c 

Number 

of 

Leaves 

0,99 0,64 

0,93 

0,99 0,99 0,98 0,99 

Leaf 

Area 
0,58 

0,97 
0,99 0,99 0,99 0,99 

Total 

Root 

Lenght 

0,43 

0,43 0,59 0,60 0,59 

Root 

Volume 
0,96 0,97 0,97 0,97 

Total 

Wet 

Weight 

0,99 0,99 0,99 

Wet 

Weight 

Economi

c 

0,99 0,99 

Total 

Dry 

Weight 

0,99 

Dry 

Weight 

Economi

c 

Note =  =0,80-1,00 (very strong);  =0,60-0,79 (strong);  =0,40-0,59 (moderate) =     

=0,20-0,39 (weak);  ;0,00-0,19 (very weak) 

In a hydroponic system, Pakcoy plants receive water and nutrients optimally, so root 

growth is not necessarily limited by the need to seek water or nutrients in the soil [6]. The 

roots may not need to grow long but can still have adequate volume and mass. Another factor 

is the high efficiency of nutrient absorption because nutrients are directly available around 

the roots [27]. This can result in shorter roots with high absorption capacity, leading to 

significant root volume and plant weight despite relatively short root lengths. 

In a hydroponic system, the uniform distribution of water and nutrients can reduce the 

reliance on root length as the main factor for optimal growth. As a result, the correlation 

between root length and other parameters may be weaker than in conventional soil-based 

systems, where root length is more critical for successful growth. 

4 Conclusion and Recommendations 

The study results show that the combination of the floating raft method and green Pakcoy 

yielded high values in the number of leaves, leaf area, root length, root volume, total fresh 

weight, consumable fresh weight, total dry weight, and consumable dry weight. 
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The floating raft method is more effective when simplicity, nutrient stability, water 

efficiency, and ease of maintenance are prioritized. Meanwhile, the DFT method may be 

more suitable for situations where precise control over the root environment and good water 

management can be ensured. The floating raft method combined with green Pakcoy is 

recommended to farmers as it is more advantageous than red Pakcoy.  
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