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1. INTRODUCTION

Lettuce (Lactuca sativa L.) is a leafy vegetable widely consumed by the public due to its high
nutritional value, relatively short growing period, and increasing market demand. As a horticultural commodity,
lettuce has good economic prospects and can be cultivated in various environments, both rural and urban [1], [2].
As consumer awareness of fresh, healthy, and safe vegetable products increases, the need for sustainable
cultivation systems is increasing [3], [4]. One rapidly developing modern cultivation technology is the
hydroponic system.

Hydroponics is a method of growing plants without soil, but instead using water as a medium, nutrients,
and oxygen [5], [6]. Hydroponic cultivation is more efficient because it is more cost-effective and produces
high-quality vegetables [7], [8]. The hydroponic technique widely used to produce leafy vegetables, such as
lettuce, is the Nutrient Film Technique (NFT) [9], [10]. The NFT system has the advantage of a continuous flow
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of nutrients, ensuring adequate nutrient supply [11], [12]. The shallow, circulating layer of nutrient solution
prevents stagnant water, ensuring adequate water, nutrients, and oxygen flow to the plants [13], [14].

The Nutrient Film Technique (NFT) is an efficient hydroponic system, where the nutrient solution is
distributed in a thin, continuous stream, ensuring optimal nutrient uptake by the plant roots [15], [16]. The
advantages of this system include efficient water use, relatively easy maintenance, and the ability to promote
faster plant growth [17], [18]. However, the success of hydroponics depends heavily on the quality of the
nutrient solution used. AB Mix nutrient is a commonly used inorganic nutrient solution because it contains a
complete range of macro and micronutrients to support plant growth [19], [20]. While effective, AB Mix has
limitations, including its relatively high cost and reliance on synthetic chemicals that are less environmentally
friendly.

The nutrient used in hydroponic cultivation is AB Mix chemical fertilizer. The AB Mix fertilizer
required for hydroponic cultivation is increasingly expensive [21], [22]. The price of fertilizer is around IDR
80,000-100,000 for a 1,000-liter package of A and B fertilizers. Furthermore, the continued use of chemical
fertilizers can have negative impacts on human health [23]-[25]. This can be addressed by utilizing organic
materials to reduce the use of chemical fertilizers. One organic material that can be used as a hydroponic nutrient
is liquid organic fertilizer from the kipahit plant.

Kipahit (Tithonia diversifolia) can be used as a liquid organic fertilizer. This plant contains nutrients
needed by plants [26], [27]. The nutrient content of kipahit consists of N, P, K, Ca, and Mg [28], [29]. The
nutrient content in kipahit is quite high, namely 3.5-4.0% N; 0.35-0.38% phosphorus (P); 3.5-4.1% K; 0.59%
calcium (Ca) and 0.27% magnesium (Mg). Kipahit has been successfully used as a natural nutrient in NFT
hydroponic cultivation of lettuce plants using a dose of 1 L of liquid organic fertilizer kipahit / 5 L of water.
Kurniawan et al. reported that kipahit-based liquid organic fertilizer provides essential macro nutrients and
effectively supports plant growth, emphasizing that appropriate dosage is critical to avoid nutrient imbalance and
wilting symptoms [29]. Doses that do not meet plant needs will result in wilting symptoms.

Recent studies have explored the use of organic nutrient solutions as alternatives to synthetic fertilizers
in hydroponic lettuce cultivation. Endoh et al., demonstrated that commercial liquid organic fertilizers such as
“Power Fish” could promote lettuce growth under controlled hydroponic conditions, although careful
management of pH and microbial activity was required [30]. Similarly, Ezziddine et al., used nutrient solutions
derived from aerobically digested aquacultural sludge and found no significant difference in lettuce yield
compared to conventional inorganic solutions, despite slightly lower fresh weight [31]. Alkaabi et al., further
reported that organic nutrients in vertical NFT systems reduced leaf nitrate content and enhanced antioxidant
compounds [32], while Chowdhury et al., observed that organic fertilizers performed less effectively in NFT
systems than in substrate-based systems [33]. These findings indicate that organic nutrients can partially replace
mineral fertilizers, but their application in NFT hydroponics remains technically challenging and often produces
lower yields. Moreover, most previous research has relied on commercial products or materials such as fish
emulsion, aquaculture sludge, or animal manure, with limited attention to locally available plant-based sources.
To date, no study has systematically evaluated Tithonia diversifolia (kipahit) as a liquid organic nutrient for
lettuce in NFT hydroponics, particularly in tropical environments. This creates a critical research gap in
optimizing dosage and nutrient formulation to achieve comparable growth and production to AB Mix while
reducing dependence on synthetic fertilizers. The present study addresses this gap by testing different
concentrations of kipahit liquid organic fertilizer combined with AB Mix to determine the most effective nutrient
composition for sustainable NFT hydroponic lettuce cultivation.

The purpose of this study was to determine the effect of liquid organic fertilizer kipahit and AB Mix on
the growth and production of green lettuce using the NFT hydroponic system. Then to obtain the best
concentration of P liquid organic fertilizer kipahit and AB Mix to increase the growth and production of green
lettuce using NFT hydroponics. With the benefits of this study, namely Obtaining the best concentration of
liquid organic fertilizer kipahit and AB Mix on the growth and production of green lettuce using the NFT
hydroponic system. Then provide knowledge to farmers to utilize kipahit as liquid organic fertilizer that can
reduce the use of AB Mix nutrients in the NFT hydroponic system.

2. RESEARCH METHOD

The tools used in this study were a series of NFT models, spoons, chopsticks, scissors, knives, stirrers,
trays, measuring cups, water jerry cans, water barrels, net pots, data sheets, plastic cups, digital scales, rulers,
stationery, cameras, pH litmus paper, and a Total Dissolve Solid (TDS) meter. The materials used in this study
were clean water, Grand Rapids lettuce seeds, fungicide, rockwool media, kipahit plants, brown sugar, coconut
water, EM4, and AB Mix nutrient solution. This study employed an experimental research method, employing a
Completely Randomized Design (CRD) consisting of five treatments: P1 = 0% kipahit organic fertilizer + 100%
AB Mix (control), P2 = 25% kipahit organic fertilizer + 75% AB Mix, P3 = 50% kipahit organic fertilizer + 50%
AB Mix, P4 = 75% kipahit organic fertilizer + 25% AB Mix, and P5 = 100% kipahit organic fertilizer + 0% AB
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Mix. Each treatment was replicated four times, with five netpots per replication, each containing one lettuce
plant.

The kipahit liquid organic fertilizer was made by mixing 25 kg of chopped kipahit, 25 L of water, 25 L
of coconut water, 1 kg of liquid brown sugar, and 1 L of EM4 in a 150 L barrel, then fermented for 14 days.
Fermentation is considered successful if the pH reaches 4-8, is brownish yellow, has a tapai aroma, no larvae,
and white spots appear, after which the solution is filtered three times before use. The hydroponic installation
uses an NFT system assembled from 21-inch pipes with a slope of 2—10% and a distance between holes of 10
cm, equipped with a nutrient tank according to the treatment. The nutrient solution used is AB Mix, consisting of
stock A (Ca Nitrate, K Nitrate, BMX) and stock B (MKP, (NH4)2SO4, K2SO4, MgSO.) with a ratio of 5 ml/L of
water, stirred until homogeneous, then adjusted to a ppm value of 730-1122 and a pH of 5—6. Lettuce seeds are
sown in 3%3 cm rockwool for 14 days, followed by 7 days of rejuvenation, then 21-day-old seedlings with three
leaves are transferred to the production installation in net pots. Maintenance included checking the pump, hose,
and nutrient levels, replanting the plants, and measuring growth. Harvesting was carried out 43 days after
planting (DAP), with the criteria being 20-25 cm long, 15 cm wide, 100—400 g in weight, a fresh appearance,
and freedom from pests and diseases. The plants were removed along with their growing medium.

The observation parameters in this study were as follows: 1) Plant height (cm): measured from the
growing medium to the tip of the tallest leaf at 22—42 days after planting (7-day intervals); 2) Leaf width (cm):
measured at the widest leaf, 2242 days after planting (7-day intervals); 3) Leaf length (cm): measured from the
petiole to the tip of the longest leaf, 22—42 days after planting (7-day intervals); 4) Number of leaves (leaflets):
counted on fully opened leaves, 22—42 days after planting (7-day intervals); 5) Root length (cm): measured from
the base to the tip of the root at harvest; 6) Plant wet weight (g): weighed all parts of the plant using a digital
scale at harvest.

The data are presented in tables and graphs. The data obtained were analyzed quantitatively and
subjected to a 5% test of variance (ANOVA). If there was a significant effect (P<0.05), a Duncan's Multiple
Range Test (DMRT) was performed at the 5% level to determine which treatments were significantly different.
Data processing and analysis were performed using Microsoft Excel and SPSS 20 software.

3. RESULTS AND DISCUSSION
3.1 General Conditions of the Research

Lettuce growth is influenced by environmental factors such as total dissolved solids (TDS) and the pH
of the nutrient solution. TDS and pH measurements for each treatment varied. TDS, the amount of dissolved
solids in nutrients, is a crucial factor in hydroponic cultivation. The TDS values measured in this study ranged
from 730 to 1120 ppm. The optimum TDS value for lettuce growth is around 560 to 840 ppm (Marisa et al.,
2021). TDS values exceeding the optimum limit can reduce water absorption by plants, disrupting
photosynthesis [34], [35]. Unstable TDS values or values below the optimum limit can cause yellowing and
wilting of leaves, stunted growth, and stunted growth [36], [37].

Ph is a crucial factor in lettuce growth. The pH values measured in this study ranged from 5 to 6. The
optimum pH for lettuce growth is around 5.5 to 6.5 [38], [39]. P4 and P5 have a more acidic pH due to the higher
concentration of kipahit liquid organic fertilizer applied compared to P1, P2, and P3. A pH below 5.5 or above
6.5 will disrupt nutrient solubility, causing nutrients to precipitate and become unavailable to plant roots. The pH
value is influenced by biological factors such as photosynthesis, respiration of organisms, microorganisms,
growing media, temperature, and nutrient solution [40], [41].

Environmental factors influence plant susceptibility and resistance to pathogen proliferation and
activity. This in turn influences the emergence of disease. The disease symptoms encountered in this study were
root rot, characterized by brownish roots and wilting of plants in P4 and P5 at 40 days after planting. This
disease is caused by an overly acidic nutrient pH due to the administration of high concentrations of liquid
organic fertilizer. This is consistent with research by Pancawati & Yulianto [42], who found that if the pH of
hydroponic nutrients ranges from 3-5, it will result in fungal growth and root rot. This can cause damage to plant
cells or tissues.

Damage to plant cells or tissues can trigger the proliferation of pathogens. Pathogens will come into
contact with plant cells or tissues, leading to infection [43], [44]. The pathogen that frequently attacks the roots
of plants in NFT hydroponic systems is the fungus Pythium spp. Plants infected with Pythium spp. experience
symptoms of root rot. This is consistent with Sudiartini et al. [45], who found that Pythium spp. fungi are
commonly found in plants using NFT hydroponic cultivation systems. Plants infected with Pythium spp. are
characterized by symptoms of root rot. Pythium spp. fungi The fungi that cause root rot in hydroponic plants can
be transmitted from their sources, including water, plant debris, airborne dust, tools used, previously infected
plant seeds, and several media containers. The fungus will infect plants if contaminated inocula enter the growth
system, thus colonizing the root system and causing the roots to turn brown and rot [46]. Control is carried out
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by sterilizing the nutrient tank and installation by cleaning the nutrient tank and pipes regularly and ensuring
sufficient oxygen availability for the plants.

3.2 Lettuce Plant Growth

The observed growth parameters were plant height, number of leaves, leaf width, leaf length, and root
length. The provision of AB Mix and liquid organic fertilizer kipahit nutrients significantly affected all plant
growth parameters. P1 was the treatment that produced the highest parameters in plant height, leaf length, leaf
width, and number of leaves. P5 was the treatment that produced the highest parameter in root length. P4 was the
treatment that produced the lowest parameters in plant height, leaf length, leaf width, and number of leaves. P2
was the best combination among other combination treatments for the parameters of plant height, leaf length,
leaf width, and number of leaves (Table 1).

Table 1. Average growth parameters of green lettuce in response to the administration of liquid organic fertilizer
kipahit and AB Mix at 43 HST

Plant height Leaf length Leaf width Number of Root length

Treatment (cm) (cm) (cm) leaves (cm) (cm)

P1 (0% liquid organic

fertilizer bittersweet + 23.52+0.27° 16.58 £0.27*  13.35+0.12*  10.25+0.50°  9.05 +0.64"
100% AB Mix)

P2 (25% liquid organic

fertilizer bittersweet + 20.40 +0.57° 14.50 £0.25°  11.45+0.26°  7.75+0.50° 8.50 £0.76°
75% AB Mix)

P3 (50% liquid organic

fertilizer kipahit + 50% 18.58 +0.29¢ 14.73 +£0.50¢ 9.50 +£0.18¢ 6.50 £0.57¢ 6.63 £1.05¢
AB Mix)

P4 (75% liquid organic

fertilizer kipahit + 25% 15.40 £0.49¢ 11.73 £0.78¢ 7.35 £0.20° 5.00 £0.00° 9.93 +£1.38%¢
AB Mix)

P5 (100% liquid organic

fertilizer bittersweet + 15.88 £0.92¢ 13.58 £0.71¢ 8.95 +0.67¢ 5.78 £0.50¢  10.45 £1.36*
0% AB Mix)

Description: The average value followed by a different letter indicates that the treatment is significantly different at the 5% Duncan Test
level.

P1 provided the highest growth in plant height, leaf length, leaf width, and leaf number compared to the
combination treatment and the liquid organic fertilizer treatment (Table 1). AB Mix nutrients contain a complete
range of macro and micronutrients in appropriate amounts for plant growth. Nutrient adequacy affects the rate of
vegetative plant growth [47], [48]. AB Mix nutrients consist of stock solution A and stock solution B. Stock
solution A contains Ca, K, N, and P, while stock solution B contains Mg, S, and Fe [49]. AB Mix nutrients are
more stable and dissolve quickly in water because they are in a purer form. Higher AB Mix nutrient levels can
increase plant growth in appropriate amounts. This is consistent with research by Meriaty et al. [50]. The higher
the AB Mix nutrient concentration, the higher the nutrient content, thereby enhancing plant growth. The highest
AB Mix nutrient concentration of 1200 ppm yielded the best results for plant height, leaf area, root weight, and
lettuce weight in hydroponic cultivation.

P2 was the best combination of AB Mix and Kipahit Organic Fertilizer for lettuce growth, specifically
for plant height, leaf length, leaf width, and leaf number (Table 1). P2 was the best combination treatment,
reducing AB Mix nutrient usage in hydroponic cultivation. This is because P2 has a higher AB Mix
concentration than other combination treatments. The use of liquid organic fertilizer Kipahit in hydroponic
cultivation must be accompanied by AB Mix nutrient application to achieve good growth, as AB Mix contains
all the necessary nutrients for plants.

The growth of green lettuce plants treated with AB Mix and liquid organic fertilizer Kipahit increased
with increasing plant age in all treatments. This is because increasing plant age increases the growth of
vegetative organs. As plants age, their development is directed towards the formation of vegetative organs to
expand growth and meet their nutritional needs. Green lettuce plants showed relatively similar growth at 22 days
after planting (DAP) because no treatment was applied to each plant. Lettuce growth at 29 days after planting
increased across all treatments, but P1 showed higher yields than the other treatments (Figure 4). Plant growth
differed between 36 and 43 days after planting, experiencing faster growth (Figure 4). This is because at 36 and
43 days after planting, nutrient concentrations are optimal, providing the necessary nutrients for lettuce growth in
the appropriate amounts. Providing too much nutrient can be toxic to the plant. Providing too little nutrient can
inhibit root development, thus disrupting nutrient uptake.
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Figure 1. Growth pattern of green lettuce at 22 - 43 HST with liquid organic fertilizer kipahit and Ab Mix
treatments A. Plant height; B. Leaf length; C. Leaf width; D. Number of leaves

The growth pattern in all treatments experienced a logarithmic phase at 36—43 days after planting
(DAP). This is because green lettuce growth is slow in the early stages, followed by a rapid increase in the late
stages. logarithmic phase indicates a slow growth rate at the beginning, but a steady increase towards the end.

P1 had the highest plant height growth rate among the other treatments. P4 had the lowest plant height
growth rate among the other treatments (Figure 4). The provision of 100% AB Mix nutrients provided the
complete nutritional requirements of the plants. Plants require optimal levels of N, P, and K to accelerate growth
processes such as cell division and cell elongation, which in turn increase plant height.

Leaves are the site of photosynthesis. Proper photosynthesis produces abundant photosynthetic
products, which are then used for the formation of organs and tissues within the plant. The growth of leaf length,
leaf width, and leaf number in P1 was the highest compared to the other treatments. Meanwhile, the growth of
leaf length, leaf width, and leaf number in P4 was the lowest compared to the other treatments. This is because
P1 has complete nutrients for plant growth and development. AB Mix nutrition provides complete nutrients for
plant growth, especially leaf growth. Leaf growth will be optimal if the nutrients contained in a fertilizer are
sufficient to stimulate plant metabolism in leaf growth. Leaf growth in P4 and PS5 yielded less favorable results
compared to the other treatments. This is suspected to be due to deficiencies in N and micronutrients, namely Zn,
Mo, Fe, Mn, Co, and B.

N and micronutrients play a role in chlorophyll formation. The greater the amount of chlorophyll, the
more photosynthetic activity will produce photosynthates, which play a role in the development of leaf
meristematic tissue. Micronutrients are needed in small amounts, but if plants are deficient in them, leaf growth
will be suboptimal. Micronutrient deficiencies can affect vegetative growth. Adequate nutrient supply for plant
growth determines plant biomass, as the amount of nutrients supplied and absorbed by plants significantly
impacts the rate of vegetative growth.

The number of leaves and leaf area significantly influence chlorophyll formation. Leaf length and width
determine leaf area. The larger the leaf area, the greater the amount of sunlight received, as light is more readily
absorbed by the leaves. Sunlight is the energy source used in photosynthesis. A greater number of leaves
provides more space for photosynthesis and increases yields, which can be translocated throughout the plant.

Roots are the plant organs responsible for absorbing and acquiring nutrients as food, which are then
translocated throughout the plant. Root length in P5 was the longest compared to other treatments. The P5
nutrient content is not sufficient to meet the needs of plant growth and development, resulting in nutrient
deficiencies. Nutrient deficiencies cause plant roots to lengthen. This is due to the greater distribution of
assimilates, which leads to faster and longer root growth, enabling them to supply nutrients for plant growth. The
concentration of kipahit liquid organic fertilizer in PS5 was the highest among other treatments. Kipahit liquid
organic fertilizer contains P elements that function in the growth of seeds, roots, flowers, and fruit. In plant root
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growth, P elements help improve root structure in nutrient absorption. Kipahit liquid organic fertilizer is
effective in accelerating and increasing root growth.

3.3 Lettuce Plant Production
Lettuce production parameters include plant fresh weight. The provision of AB Mix and Kipahit POC
nutrients significantly affected the plant fresh weight (P>0.05).

Table 2. Effect of liquid organic fertilizer administration on average wet weight of plants

Treatment Wet weight (g)
P1 (0% liquid organic fertilizer bittersweet + 100% AB Mix) 101,00 £2.16*
P2 (25% liquid organic fertilizer bittersweet + 75% AB Mix) 74,25 £5.67°
P3 (50% liquid organic fertilizer kipahit + 50% AB Mix) 52,25 +3.50°¢
P4 (75% liquid organic fertilizer kipahit + 25% AB Mix) 33,00 + 1.82°¢
P5 (100% liquid organic fertilizer bittersweet + 0% AB Mix) 42,00 £ 1.82¢

Description: The average value followed by different letters indicates that the treatment is significantly different at the 5% Duncan Test level.

P1 was the treatment that produced the highest fresh weight, while P4 produced the lowest fresh weight
(Table 2). The increase in lettuce fresh weight across treatments is closely related to the availability of N, P, and
K, which are key macronutrients for plant growth and production. Fresh weight is affected by the number of
leaves, leaf area, water content, stem diameter, and plant height, as these factors contribute to total plant
biomass. Water is the dominant component of fresh weight, comprising approximately 80—90% of plant tissue.
Adequate and balanced nutrient supply promotes optimal growth and high production, whereas nitrogen
deficiency leads to stunted and slow growth. Based on Table 2, P1 yielded the best wet weight results because
the AB Mix nutrient solution contained essential macro- and micronutrients that support vegetative growth. In
contrast, P4 and P5 produced lower fresh weights due to the higher proportion of liquid organic fertilizer
compared to AB Mix, which provides less immediately available nutrients for plant uptake [29], [33]. Although
organic fertilizers improve soil organic matter and microbial activity, their nutrient release is generally slower
than that of inorganic nutrient solutions, which can limit rapid biomass accumulation in hydroponic systems
[33].

Several studies have shown that the composition and concentration of AB-Mix nutrient solutions
significantly affect the growth and fresh weight of lettuce in hydroponic systems; optimal concentrations
increase plant height and weight, while concentrations that are too high or too low reduce yields [51]. In
addition, several studies have reported that liquid organic fertilizers formulated from various materials (e.g.,
molasses, factory waste, fermented organic fertilizers) can be used in hydroponic systems and sometimes
provide biomass yields comparable to inorganic fertilizers but with slower nutrient release, requiring adjustments
in composition [31]. Another study combining AB-Mix with liquid organic fertilizers showed the potential to
reduce AB-Mix use while maintaining growth if the ratio and concentration are chosen appropriately, but
effectiveness is highly dependent on the chemical composition of the liquid organic fertilizer and the stability of
the solution parameters (pH, TDS/EC) [52]. Additionally, root disease by Pythium often occurs in
NFT/recirculating systems when nutrient conditions (including very acidic pH or low dissolved oxygen) favor
the pathogen causing brown roots, wilting, and decreased biomass, making pH/TDS management and system
sanitation crucial [53].

The novelty of the present study resides in evaluating specific ratios between AB-Mix and a locally
derived liquid organic fertilizers “Kipahit” (liquid organic fertilizer) within an NFT system for green lettuce, and
in providing a detailed account of how such ratios affect solution parameters (TDS 730—1120 ppm, pH 5-6) and
the incidence of root disease. The finding that the combination of 25% liquid organic fertilizers (Kipahit) + 75%
AB-Mix (treatment P2) is capable of reducing AB-Mix usage without compromising key vegetative parameters
(plant height, leaf dimensions, leaf count) provides practical evidence of a partial substitution approach
something not previously well documented for this particular liquid organic fertilizer /Kipahit formulation in
NFT hydroponics, especially with full traceability of TDS/pH data and observed Pythium incidence at high
liquid organic fertilizer concentrations.

Implications of this study suggest a practical pathway toward reducing reliance on inorganic fertilizer
(AB-Mix) by partially substituting it with a locally available liquid organic fertilizer, potentially lowering input
costs and promoting greater sustainability in hydroponic cultivation provided that precise formulation and
nutrient solution monitoring are applied. However, this research also cautions that excessive liquid organic
fertilizer concentrations may depress pH and elevate the risk of root pathogens (e.g. Pythium), mandating tight
control of pH/TDS, regular monitoring of nutrient cycles, and microbial assessments of liquid organic fertilizer.
Limitations of the study include: (1) lack of fully quantitative chemical profiling of the liquid organic fertilizer
(e.g. nitrogen, phosphorus, potassium, micronutrients) and microbial composition; (2) experiments limited to one
lettuce variety and a single cultivation period, which constrains generalizability to other varieties or seasonal
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conditions; and (3) relatively short observation duration longer-term studies assessing total biomass yield,
postharvest quality, and microbial pathogen accumulation are needed before recommending large-scale adoption.

4. CONCLUSION

Based on the results of the research conducted, it can be concluded that the administration of liquid
organic fertilizer kipahit and AB Mix significantly affected the growth and production of green lettuce using the
NFT hydroponic system. No combination of liquid organic fertilizer kipahit and AB Mix concentrations has
been found that can increase the growth and production of green lettuce when compared to the use of 100% AB
Mix. Further research is needed regarding a more optimal dose for the growth and production of green lettuce
plants. Improvements in the liquid organic fertilizer kipahit filtration process are needed to avoid leaving dregs
and research is needed using other plants and hydroponic systems to determine the effectiveness of liquid
organic fertilizer kipahit use.
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