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Abstract

Lettuce (Lactuca sativa L.) is a widely consumed vegetable known for its nutritional benefits and economic potential. This
study investigated the effects of two hydroponic systems Nutrient Film Technique (NFT) and Deep Flow Technique (DFT) and
varyied nutrient concentrations on the growth and production of curly lettuce, conducted from March to June 2024 at the
Smart Farming Zone of UG Technopark, the research utilized a Randomized Complete Block Design (RCBD) with two nested
factors. The first factor comprised two hydroponic systems (H1: NFT and H2: DFT), while the second factor involved four
nutrient combinations: AB Mix 0 ml + Liquid Organic Fertilizer (LOF) 10 ml (P1), AB Mix 5 ml + LOF 15 ml (P2), AB Mix 10 ml
+ LOF 20 ml (P3), and AB Mix 20 ml + LOF 25 ml (P4). Key growth parameters measured included plant height, number
of leaves, leaf length, leaf width, stem diameter, root length, total fresh weight, fresh weight of roots, and total dry weight.
Results indicated that the DFT hydroponic system with a nutrient concentration of AB Mix 20 ml + LOF 25 ml significantly
enhanced plant height, number of leaves, root length, fresh weight of the crown, and dry weight. Additionally, the DFT system
at AB Mix 10 ml + LOF 20 ml improved leaf length, leaf width, stem diameter, and fresh weight of curly lettuce. These findings

underscore the potential of optimizing hydroponic systems and nutrient formulations for enhanced lettuce production.
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1. INTRODUCTION

Lettuce (Lactuca sativa L.) is one type of vegetable crop that
is widely consumed by the community because lettuce has
high nutritional content and good economic and agribusi-
ness potential. Lettuce has attractions such as having a
short harvest period, a wide open market, relatively stable
prices, and nutritional content so that it is widely consumed
by the community. Based on the production of lettuce veg-
etables in Indonesia from 2017 to 2020, the total production
of lettuce plants was 627,611 tons; 625,132 tons; 638,731
tons; and 663,832 tons (Badan Pusat Statistik, 2020).

The Badan Pusat Statistik (BPS) data proves that lettuce
production continues to fluctuate but the level of public
demand is getting higher. Lettuce cultivation is generally
done conventionally. Conventional cultivation requires a
large area of land and a large amount of fertilizer, which is
one of the obstacles in the practice of lettuce cultivation. The
conversion of agricultural land into residential and office
buildings has caused a decrease in land. In the midst of so-

ciety there are concerns about the high content of pesticide
residues in agricultural products, it is necessary to develop
an alternative agricultural system that is able to produce
healthy products in sustainable quantities and quality, one
way that can be done is to carry out an agricultural system
that supports this concept is an organic farming system
(Hardaningsih et al., 2024). Cultivation techniques with
hydroponic systems can be a solution to increase the pro-
duction of curly lettuce. According to Lonardy (2006), hy-
droponic systems can provide a more controlled growth
environment such as water and nutrient flow, nutrient con-
centration, temperature, pests and diseases and so on. This
makes plants cultivated with hydroponics of better quality
and faster to harvest.

There are many types of hydroponic systems, such as
NFT hydroponics, DFT hydroponics, floating raft hydro-
ponics, and Dutch Bucket hydroponics. Each hydroponic
system has a different way of working and advantages.
NFT and DFT systems are both fertigation systems, but the
difference is the height of the nutrients flowing through
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the installation. The height of nutrients flowing in the NFT
system is around 2-3 mm (thin layer), while the height of
nutrients in the DFT system is 3-4 cm (Sesanti and Sismanto,
2016). One of the most important things in a hydroponic
system is the nutrient solution. The usual plant nutrient
solution used in hydroponic systems is AB mix, where
mixtures A and B each include macro elements and micro
elements or can use Liquid Organic Fertilizer (LOF). Ba-
nana waste such as banana peel and stem can be used as an
ingredient to make LOF. Based on the analysis conducted,
it was found that the nutrient content in the kepok banana
peel liquid fertilizer was 0.18% N-total; 0.043% P,Os; 0.55%
C-organic; pH 4.5; 3.06% C/N; and 1.137% K,O (Nasution,
2013). The purpose of this study was analized the effect of a
combination of nutrient concentrations in two hydroponic
systems, as well as to determine the type of hydroponic
system and the best combination of nutrients on the growth
and yield of curly lettuce plants.

2. RESEARCH METHOD

2.1 Time and Location

The research of curly lettuce cultivation with the compari-
son of nutrient concentrations in two hydroponic systems
was carried out on March 15 - June 16, 2024 at the Bheta UG
Technopark Greenhouse, Jamali Village, Mande Subdistrict,
Cianjur, West Java, Indonesia.

2.2 Tools and Material

The tools used in this research are NFT hydroponic instal-
lation, DFT hydroponic installation, container box, tray,
netpot, flannel, water pump, writing tools, injection, mea-
suring cup, ruler, hanging label, sticky label, writing label,
tweezers, mesh filter, TDS (Total Dissolve Solid), pH meter,
and digital scale. The materials used were green curly let-
tuce seeds var. Grand Rapids, rockwool, pH down, ab mix,
and Banana Waste POC.

2.3 Experiment Design

The research was conducted using the nested pattern Ran-
domized Complete Group Design (RCGD) method which
consist of 2 factors. The first factor (mainplot) are NFT hy-
droponic system (H1) and DFT hydroponic system (H2),
while the second factor consists of 4 levels, namely AB Mix
0 ml + LOF 10 ml (P1), AB Mix 5 ml + LOF 15 ml (P2), AB
Mix 10 ml + LOF 20 ml (P3), and AB Mix 20 ml + LOF 25 ml
(P4). Thus there are 8 treatment combination: H1P1; H1P2;
H1P3; H1P4; H2P1; H2P2; H2P3; H2P4. Each treatment
is repeated 5 times to make effective use of the available
system so that there are 40 experimental units. Each ex-
perimental unit will use 3 plant samples so that the total
number of experimental units is 120 plants.

2.4 Data Collection
The data obtained are primary data derived from direct
measurements of the growth and production of curly let-
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tuce, and the parameters observed include: plant height
(cm) and number of leaves (strands) observed starting from
7 Days After Planting (HST) until the plants are ready to
harvest at the age of 35 HST. Measurements were taken at
7-day intervals. While leaf length (cm), leaf width (cm),
stem diameter (mm), root length (cm), plant fresh weight
(g), crown fresh weight (g), and plant dry weight (g) were
observed at the end of the experiment or at harvest, when
the plants were 35 HST.

2.5 Data Analysis

The data obtained were analyzed in The SAS System for
Windows 9.0 program by using Analysis of Variance (ANOVA)
with a level « = 5%. ANOVA (Analysis of Variance) is one
of the parametric tests used to distinguish the average value
of more than two groups of data by comparing the variance
between groups. If the results of the analysis show that
there is a significant effect (F count < F table) then a further
test will be conducted with the Duncan Multiple Range Test
(DMRT) at the 5% level.

3. RESULTS AND DISCUSSION

3.1 Plant Height

The effect of different hydroponic systems and nutrient
concentrations on the height of curly lettuce plants for 5
weeks of planting tends to increase, as in Figure 1.
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Figure 1. Height growth diagram of curly lettuce plants in
NFT and DFT hydroponics with concentration comparison
1-5 WAT (Week After Transplanting)

The results showed that at week 5th, the DFT hydro-
ponic system treated with AB Mix nutrient concentration of
20 ml + LOF 25 ml showed the tallest lettuce plants (H2P4),
while the NFT system treated with AB Mix nutrient con-
centration of 0 ml + LOF 10 ml showed the smallest lettuce
plant height (H1P1).

3.2 Number of Leaves

The effect of different hydroponic systems and nutrient
concentrations on the number of leaves of curly lettuce for

Page 38 of 43



Febriani,A.G., et.al

5 weeks of planting tends to increase, as in Figure 2.
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Figure 2. Growth diagram of curly lettuce plants against
the number of leaves at 1-5 WAT

The results showed that at week 5%, the DFT hydro-
ponic system treated with AB Mix nutrient concentration
of 20 ml + LOF 25 ml showed lettuce plants that had the
highest number of leaves (H2P4), while the NFT system
treated with AB Mix nutrient concentration of 0 ml + POC
10 ml showed the least number of lettuce leaves (H1P1).

3.3 Leaf length and Leaf width

Table 1. Effect of different hydroponic systems and nutrient
concentrations on leaf length of curly lettuce plants at 5
WAT.

Leaf length (cm)
Nutrient Concentration
NFT(H1) DFT(H2)
AB Mix 0 ml + LOF 10 ml (P1) 2.86d 4.00 c
AB Mix 5 ml + LOF 15 ml (P2) 15.10 a 15.68 b
ABMix 10 ml + LOF20 ml (P3)  13.00b 17.01 a
ABMix20ml + LOF25ml (P4) 10.78 ¢ 16.24 ab
Average 10.43B 13.234

Note: Numbers followed by different uppercase letters
in the same row indicate significantly different
effects at the 5% DMRT level, while numbers fol-
lowed by different lowercase letters in the same
column indicate significantly different effects at

the 5% DMRT level.

Based on the results of the Duncan Multiple Range Test
(DMRT) analized at the 5% level, it shows that the DFT
hydroponic system treatment has a significant effect on the
parameters of leaf length and leaf width. The nutrient con-
centration treatment showed significantly different results
on the parameters of leaf length and width of curly lettuce
leaves with the highest average value of leaf length found
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Table 2. Effect of different hydroponic systems and nutrient
concentrations on width of curly lettuce plants at 5 WAT

Leaf width (cm)
Nutrient Concentration
NFT(H1) DFT(H2)
AB Mix 0 ml + LOF 10 ml (P1) 1.56 d 245 ¢
AB Mix 5 ml + LOF 15 ml (P2) 1751 a 16.13b
ABMix 10 ml + LOF 20 ml (P3) 13.41Db 18.68 a
ABMix20ml + LOF 25 ml (P4) 11.54c 18.11 ab
Average 11.008 13.844

Note: Numbers followed by different uppercase letters
in the same row indicate significantly different
effects at the 5% DMRT level, while numbers fol-
lowed by different lowercase letters in the same
column indicate significantly different effects at

the 5% DMRT level.

in the AB Mix 10 ml + LOF 20 ml (H2P3) nutrient concentra-
tion of 17.01cm and the highest average value of leaf width
found in the AB Mix 10 ml + LOF 20 ml (H2P3) nutrient
concentration of 18.68 cm (Table 1).

3.4 Stem Diameter and Root Length

Table 3. Effect of different hydroponic systems and nutrient
concentrations on width of curly lettuce plants at 5 WAT

) ) Stem diameter (mm)
Nutrient Concentration

NFT(H1) DFT(H2)
AB Mix 0 ml + LOF 10 ml (P1) 1.52¢ 1.76 ¢
AB Mix 5 ml + LOF 15 ml (P2) 844a 9.08 b
ABMix 10 ml + LOF20ml (P3)  632a  11.10a
ABMix 20 ml + LOF25ml (P4)  7.70b 9.20b
Average 5.998 7.784

Note: Numbers followed by different uppercase letters
in the same row indicate significantly different
effects at the 5% DMRT level, while numbers fol-
lowed by different lowercase letters in the same
column indicate significantly different effects at

the 5% DMRT level.

Based on the results of the Duncan Multiple Range Test
(DMRT) analized at the 5% level, it shows that the DFT
hydroponic system treatment has a significant effect on the
parameters of stem diameter and root length of curly lettuce
plants. The treatment of nutrient concentration AB Mix 10
ml + LOF 20 ml (H2P3) showed a significant effect on the
parameters of stem diameter with the highest mean value
of 11.10 cm and the treatment of nutrient concentration AB
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Table 4. Effect of different hydroponic system and nutrient
concentrations on root length of curly lettuce plants at 5
WAT.

Root length (cm)

Nutrient Concentration

NFT(H1) DFT(H2)
AB Mix 0 ml + LOF 10 ml (P1) 9.02b 10.59¢
ABMix5ml + LOF15ml (P2)  22.38a 16.47b
ABMix 10 ml + LOF20 ml (P3)  18.45a 22.38a
ABMix 20 ml + LOF 25 ml (P4)  12.62b 24.80a
Average 15.62B 18.564

Note: Numbers followed by different uppercase letters
in the same row indicate significantly different
effects at the 5% DMRT level, while numbers fol-
lowed by different lowercase letters in the same
column indicate significantly different effects at

the 5% DMRT level.

Mix 20 ml + LOF 25 ml (H2P4) showed a significant effect
on root length with the highest mean value of 24.80 cm
(Table 2).

3.5 Fresh weight plant, Fresh weight of crown, Dry weight
plant

Table 5. Effect of different hydroponic systems and nutrient
concentrations on fresh weight, of curly lettuce plants at 5
WAT.

Fresh weight (g)
Nutrient Concentration
NFT(H1) DFT(H2)

AB Mix 0 ml + LOF 10 ml (P1) 0.53d 4.482c
AB Mix 5 ml + LOF 15 ml (P2) 95.26a 79.78b
ABMix 10 ml + LOF20ml (P3)  58.97b 135.01a
ABMix20ml + LOF25ml (P4)  36.12c 132.22a

Average 47.598 87.874

Note: Numbers followed by different uppercase letters
in the same row indicate significantly different
effects at the 5% DMRT level, while numbers fol-
lowed by different lowercase letters in the same
column indicate significantly different effects at

the 5% DMRT level.

Based on the results of the Duncan Multiple Range Test
(DMRT) analized at the 5% level, it shows that the DFT
hydroponic system treatment significantly affects the pa-
rameters of plant fresh weight, crown fresh weight, and dry
weight of curly lettuce plants. The treatment of nutrient
concentration shows results that have a significant effect
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on the parameters of plant fresh weight, harvest weight,
and dry weight of curly lettuce plants. AB Mix 10 ml +
POC 20 ml (H2P3) treatment has the highest average fresh
weight of 135.01 g and AB Mix 20 ml + POC 25 ml (H2P4)
treatment has the highest average crown fresh weight and
dry weight of 105.80 g and 9.93 g (Table 3).

The results of data analysis showed that the hydroponic
system significantly affected the vegetative and generative
variables of lettuce plants, such as plant height, number
of leaves, leaf length and width, root length, stem diame-
ter, plant fresh weight, crown fresh weight, and plant dry
weight. After a system comparison study, it was found
that the DFT hydroponic system proved superior to NFT.
This system submerges the plant roots in a nutrient-rich
solution. It has been shown to increase photosynthetic pa-
rameters and yield, and offers a shorter growing period
compared to soil-based systems. Deep-water cultivation
and nutrient layer techniques are effective alternatives to
soil-based lettuce cultivation in the temperate region of
northern India, as deep-water cultivation can reduce plant
growth period by up to 15 days and improve harvest qual-
ity (Majid et al., 2020). Research of Nurza (2022) showed
that the DFT system increased the height of kale plants
at 13 and 21 WAT because nutrients are always available,
even when the power is off, so that plant growth is more
optimal (Wibowo, 2020). The roots of lettuce plants that are
submerged in the DFT system nutrient solution cause the
availability of nutrients and oxygen at the roots to always
be abundant, so that plant growth becomes good, because
if the lack of oxygen for plants is very dangerous, because
oxygen in the water is used for respiration (breathing) roots
(Fauzi, 2013). Insufficient oxygen around plant roots can
cause inhibition of growth or can cause death (Resh, 2013)
. DFT hydroponic models, such as the rung model, have
advantages in water use efficiency and construction costs
(Wibowo, 2020). This system produces faster harvests and
higher income potential (Anika and Putra, 2020).

Nutrient concentration treatment also significantly af-
fected the vegetative variables of lettuce plants. The nutri-
ent concentration of AB Mix 20 ml + LOF 25 ml (P4) gave
the best results for plant height (Figure 1), number of leaves
(Figure 2), and root length (24.80 cm). AB Mix concentra-
tion of 10 ml + LOF 20 ml (P3) produced the best leaf length
(17.01 cm) (Table 1), leaf width (18.68 cm) (Table 2), and
stem diameter (11.10 cm) (Table 3). Sitepu et al. (2022),
supports these results, with similar nutrient concentrations
increasing plant growth. In the vegetative growth phase, ni-
trogen can spur plant growth, especially in the stem (Rizal.,
2017). Nitrogen elements can increase the number of leaves,
leaf area, larger stem diameter, longer internode length,
resulting in higher plant weight (Puspadewi et al., 2016).
Nitrogen increases leaf formation, thereby increasing plant
absorption of nutrients (Nasution et al., 2014; Sepriani et al.,
2016). In contrast, the AB Mix 0 ml + LOF 10 ml (P1) (Table
1 - Table 7) treatment showed the lowest results because the
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Table 6. Effect of different hydroponic systems and nutrient concentrations on leaf width of curly lettuce plants at 5 WAT.

Nutrient Concentration

Fresh weight of crown (g)

NFT(H1)  DFT(H2)
AB Mix 0 ml + LOF 10 ml (P1) 0.16d 0.51c
ABMix5ml+LOF15ml (P2)  69.22a 54.96b
ABMix 10 ml + LOF 20 ml (P3)  35.23b 99.05ab
AB Mix 20 ml + LOF 25 ml (P4)  23.06¢ 105.80a
Average 31.92B 65.084

Note:

Numbers followed by different uppercase letters in the

same row indicate significantly different effects at the
5% DMRT level, while numbers followed by different
lowercase letters in the same column indicate signifi-
cantly different effects at the 5% DMRT level.

Table 7. Effect of different hydroponic systems and nutrient
concentrations on dry weigth of curly lettuce plants at 5
WAT.

Dry weight (g)
Nutrient Concentration
NFT(H1) DFT(H2)

AB Mix 0 ml + LOF 10 ml (P1) 0.00c 0.26¢
AB Mix 5 ml + LOF 15 ml (P2) 7.32a 5.71b
AB Mix 10 ml + LOF 20 ml (P3) 3.98b 8.78ab
AB Mix 20 ml + LOF 25 ml (P4) 4.28b 9.93a

Average 3.898 6.174

Note: Numbers followed by different uppercase letters
in the same row indicate significantly different
effects at the 5% DMRT level, while numbers fol-
lowed by different lowercase letters in the same
column indicate significantly different effects at

the 5% DMRT level.

dose did not meet the nutrient needs of plants. Rohmaniyah
and dan E. T. S. Putra (2015) mentioned that inadequate
doses of nutrients cause stunted plants. LOF alone cannot
be used as the main fertilizer because it produces low let-
tuce growth and production (Muhadiansyah et al., 2016).
This is also reinforced by research conducted by Djidonou
and Leskovar (2019), which states that higher nutrient con-
centrations generally increase growth and yield, a study
found that increasing nitrogen concentration from 100 to
400 mg-L! increased yields in various seasons, with the
highest yields observed in spring. Similarly, a nutrient con-
centration of 1200 ppm was found to significantly increase
lettuce fresh weight compared to lower concentrations (Hi-
dayat et al., 2016).

AB Mix 10 ml + LOF 20 ml (P3) (Table 5) treatment gave

© 2025 The Authors.

the best plant fresh weight, while AB Mix 20 ml + LOF
25 ml (P4) (Table 6 and Table 7) treatment produced the
highest crown fresh weight and dry weight. Sitepu et al.
(2022) showed that increasing the dose of LOF kepok ba-
nana peel affects the wet weight of lettuce plants, namely
the combination of 20 ml AB Mix and 25 ml LOF gives the
best results until 4 WAT, which indicates that this combina-
tion provides balanced nutrients and shows the opposite
results in the combination of LOF which exceeds 50 ml with
AB Mix will reduce the wet weight of plants due to low
nitrogen content. According to Putri et al. (2017), balanced
nutrients increase photosynthesis, leaf area, and plant dry
matter. Agustin and Wahyuningrum (2019) mentioned that
nitrogen supports the formation of proteins, carbohydrates,
and starch, thus increasing the wet and dry weight of let-
tuce plants. Proper use of nutrients is the key to optimal
growth. In addition to the use of proper nutrition, environ-
mental factors can also affect the growth and production of
lettuce.

AB Mix is effective but expensive and has the potential
to negatively impact the environment if used continuously
(Ilhamdi et al., 2020). Environmentally friendly alterna-
tives such as Liquid Organic Fertilizer (LOF) can be a more
economical and sustainable solution (Astuti et al., 2021).

4. CONCLUSION AND SUGGESTION

The conclusion obtained from this research is that the effect
of different hydroponic systems on the growth and pro-
duction of curly lettuce at several nutrient concentrations
shows that the DFT hydroponic system has a significant
effect compared to the NFT hydroponic system on the pa-
rameters of plant height, number of leaves, leaf length, leaf
width, root length, stem diameter, plant fresh weight, crown
fresh weight, and plant dry weight. The effect of nutrient
concentration on the growth and production of curly lettuce
plants in each type of hydroponic system shows significant
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results. Nutrient concentration AB Mix 20 ml + LOF 25 ml
(P4) showed the highest average results in the parameters
of plant height, number of leaves, leaf length, leaf width,
root length, stem diameter, crown fresh weight, and dry
weight of lettuce plants. The nutrient concentration of AB
Mix 10 ml + LOF 20 ml (P3) showed the highest average
results in the parameters of plant fresh weight.
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