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Abstract

During the flooding period, agricultural activities in freshwater swamp ecosystems are highly limited. Floating culture is an alternative
cultivation system for lettuce production under flooded conditions. This study aimed to determine the effective substrate composition and
number of wicks for improving the growth and yield of lettuce (Lactuca sativa L.) in a floating culture system. The experiment was conducted
at the Freshwater Swamp Field Laboratory, Sriwijaya University, South Sumatra, Indonesia. The study used a 2.0 m x 1.3 m bamboo raft
supported by used mineral water gallons and was arranged in a factorial randomised block design (FRBD) with two factors. The first factor was
substrate composition, consisting of M1 = soil, M2 = soil + cow manure + sand (4: 2: 1) and M3 = soil + cow manure + rice husk biochar (4: 2: 1).
The second factor was the number of wicks, consisting of S2 = two wicks, S3 = three wicks and S4 = four wicks. Each treatment combination
was replicated three times. The results showed that M3 produced the highest fresh leaf weight at 51.60 g and dry leaf weight at 6.13 g, while
M1 produced the lowest fresh leaf weight at 10.02 g and dry leaf weight at 1.12 g. The use of four wicks (S4) resulted in the highest fresh leaf
weight at 43.51 g and dry leaf weight at 4.68 g. The best treatment combination was M3S4, which produced the highest fresh leaf weight at
61.06 g, dry leaf weight at 7.32 g, fresh stem weight at 1.62 g, dry stem weight at 0.29 g and fresh root weight at 1.69 g. These findings indicate
that the combination of soil, cow manure, rice husk biochar and four wicks can improve lettuce yield and may serve as a practical cultivation
option for freshwater swamp areas during flooding periods.
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production under climaterelated constraints and reduces
dependence on conventional dry land. In this system, plants do not
require intensive manual watering because water can be supplied
continuously through capillary movement from the water below the
raft (3, 4). Therefore, floating cultivation has the potential to improve
water-use efficiency and support food production in flood-prone
swamp ecosystems.

Introduction

The increasing global population has led to a continuous rise in food
demand. One strategy to increase agricultural production is
expanding cultivation areas. However, the availability of productive
agricultural land is becoming increasingly limited, causing
agricultural expansion to shift toward suboptimal lands, including
freshwater swamp areas. Indonesia has approximately 33.4 million
ha of swamp land distributed mainly across Sumatra, Kalimantan
and Papua (1). These areas have considerable potential for
agricultural development, but their utilisation is constrained by
fluctuating water levels and prolonged inundation. At the beginning
of the dry season, when water levels decline, swamp land is
generally used for rice cultivation. During the rainy season, however,
agricultural activities in lowland swamp areas are very limited due to
flooding.

Floating cultivation with potted plants on rafts differs from
hydroponic floating systems. In hydroponic systems, water generally
serves as the main medium for nutrient delivery. In contrast, floating
cultivation in swamp land relies on planting substrates as the
primary source of nutrients, while swamp water mainly supports
moisture supply through capillary movement (2). This system allows
lettuce plants to grow above the water surface, reduces the risk of
submergence and minimises direct contact between roots and
swamp water. Lettuce (Lactuca sativa L.) is a suitable vegetable for
this system because it has a short growth cycle, high market
demand and can be cultivated intensively in limited spaces.

Floating culture is one alternative technology that can be
applied during the flooding period. This technique uses rafts to
support crop production under inundated conditions and allows

vegetables to be cultivated on the water surface (2). This system is The success of floating cultivation is strongly influenced by

consistent with the principles of sustainable agriculture because it
enables the productive use of marginal land, supports food

substrate composition and wick number. A suitable substrate
provides a favorable environment for root growth, nutrient
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availability, aeration and water retention. Meanwhile, the wick
functions as a channel for water movement from the swamp water
below the raft to the planting substrate. Different numbers of wicks
may affect the amount of water absorbed and distributed to the root
zone. Therefore, optimising both substrate composition and wick
number is essential to improve plant growth and yield in floating
cultivation systems.

The addition of organic and porous materials can improve
the physical and chemical properties of planting substrates. Sand
can improve substrate porosity and support root development,
although it is relatively heavy, easily dries and may require
sterilisation before use (5). Rice husk charcoal is another potential
substrate amendment because it contains high carbon, has a
porous structure and is relatively sterile (6). However, rice husk
charcoal may decompose over time. Cow manure can also improve
substrate fertility by enhancing soil chemical, physical and biological
properties. The combination of soil, organic manure and porous
materials is expected to create a more suitable substrate for lettuce
growth in floating cultivation systems.

Previous studies have reported the potential of floating
cultivation for vegetable production in swamp areas. However,
information on the combined effects of substrate composition and
wick number on lettuce growth and yield in floating culture systems
remains limited, particularly for lowland swamp ecosystems in
South Sumatra. This gap is important because substrate
composition determines root-zone conditions, while wick number
determines the continuity of water supply. A better understanding of
these factors is needed to develop practical and adaptive cultivation
techniques for flood-prone agricultural areas.

This study aimed to evaluate the effects of different substrate
compositions and wick numbers on the growth and yield of lettuce
cultivated using a floating culture system in lowland swamp
conditions. The results are expected to support the development of
adaptive, low-cost and sustainable vegetable cultivation technology
for swamp areas, particularly during flooding periods when
conventional agricultural activities are limited.

Materials and Methods

This study was conducted at the Laboratory of Plant Ecology,
Department of Agronomy and the Freshwater Swamp Field
Laboratory, Faculty of Agriculture, Sriwijaya University, South
Sumatra, Indonesia. The study was conducted from May to August
2024. The experiment was carried out under open environmental
conditions in a freshwater swamp field, where the plants were
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exposed to natural sunlight, rainfall, air temperature and relative
humidity during the cultivation period. This study used a factorial
randomised block design (FRBD) with 2 treatment factors. The first
factor was substrate composition (3 treatments combination),
consisting of M1 = soil, M2 = soil + cow manure +sand (4: 2: 1) and M3
= soil + cow manure + rice husk biochar (4: 2: 1). The second factor
was the number of wicks (3 treatments combination), consisting of
S2 = two wicks, S3 = three wicks and S4 = four wicks (Fig. 1A). Each
treatment combination was replicated three times, resulting in 27
experimental units. Each experimental unit consisted of one pot
containing three lettuce (L. sativa) plants; therefore, a total of 81
plants were used in this study. Lettuce seedlings aged 14 days after
sowing were transplanted into the pots and maintained for 35 days
after transplanting until harvest. During the experiment, the general
air temperature in the study area ranged from approximately 23 to
32°C, with relative humidity ranging from approximately 77 to 88 %
This study used pots with a diameter of 20 cm arranged on a floating
raft. Pots were filled with planting substrate according to the
treatment composition. Each pot used flannel cloth as wick material
to connect the water below the raft to the planting substrate through
capillary movement.

The parameters observed included substrate moisture
content and lettuce growth and yield variables. Growth parameters
consisted of leaf length, leaf width, leaf area, number of leaves, stem
diameter, root length and plant height. Leaf greenness was
measured using a SPAD meter Minolta 504, while canopy area and
leaf area were measured using the Easy Leaf Area Meter. Yield
parameters consisted of fresh weight and dry weight. Additionally,
several yield parameters such as fresh and dry weights were also
measured. Data on lettuce plant growth and yield were analysed
using analysis of variance (ANOVA) with R Studio statistical analysis
software. When the ANOVA showed significant differences among
treatments, mean comparisons were performed using the Least
Significant Difference test at the 5 % probability level (LSD 0.05). The
floating raft was made of 200 x 130 cm bamboo with the upper and
lower parts separated and modified to avoid direct contact with the
water in the freshwater swamps using 9 plastic gallons as floats. The
design of the floating raft and the lettuce cultivation activities are
shown in Fig. 1. Growth parameters were recorded at 7, 14, 21, 28
and 35 days after transplanting (DAT), while yield parameters were
measured at harvest. Floating cultivation was carried out using a
wick system hydroponic cultivation approach where the planting
media derive a water supply without direct contact with the surface
of the freshwater swamps. Flannel cloth was used as a connector for
water with substrate and capillary capacity, the distance between
the base of the pot and the water surface was +10cm.
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Fig. 1. Treatment of the number of wicks in the pot and conduct of the research. A: treatment of the number of wicks in the pot; B: conduct of

the research.
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Results
Physical properties of planting media and soil moisture

The treatment of the number of wicks in the pot and the conduct of
the research is shown in Fig. 1. Soil moisture differed among
substrate compositions and wick treatments (Fig. 2). M3 produced
the highest soil moisture at 23.57 %, followed by M2 at 20.62 %, while
M1 showed the lowest value at 6.78 %. For wick number, S3 had the
highest soil moisture at 18.26 %, followed by S4 at 17.92 % and S2 at
14.80 %. The highest interaction value was observed in M2S3 at
24.60 %, whereas the lowest value was recorded in M1S2 at 6.00 %.

The number of wicks also affected soil moisture. S3 showed
the highest soil moisture at 18.26 %, followed by $4 at 17.92 % and
S2 at 14.80 %. The interaction between substrate composition and
wick number showed that M2S3 produced the highest soil moisture
at 24.60 %, followed by M354 at 23.90 %, M3S3 at 23.50 %, M3S2 at
23.40 % and M254 at 22.20 %. In contrast, the lowest soil moisture
was recorded in M1S2 at 6.00 %, followed by M1S3 at 6.60 % and
M1S4 at 7.60 %. Soil-based media without organic or porous
amendments had the lowest soil moisture, whereas mixed
substrates containing cow manure, sand, or rice husk biochar
maintained higher moisture values.

Growth and morphology of lettuce plant

The number of lettuce leaves affected by planting media and
number of wicks is shown in Fig. 3. Substrate composition
significantly affected lettuce growth and morphology (Table 1). The
highest plant height was recorded in M3 at 1.68 cm, which was not
significantly different from M2 at 1.59 cm, while M1 produced the
lowest plant height at 0.25 cm. A similar trend was observed for
canopy area and total leaf area. M2 produced a canopy area of
497.33 cm? and total leaf area of 840.74 cm?, while M3 produced a
canopy area of 489.77 cm? and total leaf area of 869.74 cm?. Both
treatments were significantly higher than M1, which only produced a
canopy area of 29.62 cm?*and total leaf area 0f20.19 cm?.

The growth rate of lettuce leaf length and leaf width in
various media conditions and number of wicks is shown in Fig. 4. The
SPAD value was also higher in mixed substrate treatments. M2
showed the highest SPAD value at 21.24, followed by M3 at 18.98,
while M1 showed the lowest value at 12.83. Stem diameter was
highest in M3 at 1.13 mm, followed by M2 at 0.91 mm and M1 at 0.41
mm. Root length was highest in M2 at 18.34 cm, followed by M3 at
17.00 cm, while M1 showed the lowest root length at 8.34 cm.

S0 4

Soil moistere (%)

25 q a 25 4
A ’ B
20 0 a a
v 15 =15 4
5 =
g 2
= 10 4 5 10+
= C =
Z &
3 ]
0 0
M1 [ N | s2 |
O Seriesl 6.78 [ 20.62 [ 23.57 [mSeriest 148 |
Substrate Composition
300 5
C a

2 [ 2283 [ w2

sq | M3:s2 53 | Ma:s4

[@seriest

.1 _‘I.c.i | 222 |

23 i.. | .‘_“.-'.‘. ‘ ] 238 I

Interaction Substrate and Wicks

Fig. 2. Soil moisture under different media compositions and numbers of wicks. A: media compositions; B: number of wicks; C: interaction

between media composition and number of wicks.

Number of leaves

13 16 19 22 25
EMI1| 3.31 | 3.51 | 3.66 | 3.96 | 422 | 4.44 | 447 | 421 | 3.84 | 3.73

EM2| 348 | 3.71 | 4.14 | 4.03 | 6.36 | 7.51 | 8.99
BM3| 3.66 | 3.77 | 4.18 | 4.84 | 6.51 | 7.66 | 8.29

10.73
1033

12.44
12.14

14.44
14.11

Day after planting (DAP)

16 -

ui B
B 12 -
g
EIO* .
o 89 aal b
@ aad
':_-)E 6 a aaﬂﬂ
El a a
S ,laaa 2aa

2_@%

0 4

7 10 13 16 19 22 25

0S2| 359 | 3.81 | 425 | 481 | 559 | 644 | 7.11
EHS3| 348 | 3.59 | 3.84 | 444 | 562 | 644 | 6.92
ES4| 344 | 3.58 | 3.88 | 458 | 580 | 6.73 | 7.73

Day after planting (DAP)

Fig. 3. Number of leaves under different planting media and numbers of wicks. A: planting media; B: number of wicks.

Plant Science Today, ISSN 2348-1900 (online)



GUSTIARET AL

Table 1. Morphology of lettuce in various planting media compositions and number of wicks

PH SPAD CA TLA SD RL
(cm) Value (cm?) (cm?) (mm) (cm)
Substrate composition
M1 0.25 b 12.83 b 29.62 b 20.19 b 0.41 C 8.34 b
M2 1.59 a 21.24 a 497.33 a 840.74 a 0.91 b 18.34 a
M3 1.68 a 18.98 a 489.77 a 869.74 a 1.13 a 17.00 a
LSDo.0s 0.25 3.92 111.11 180.00 0.10 3.00
Number of wicks
S2 1.09 a 18.61 a 276.52 b 444,77 b 0.62 C 12.73 b
S3 1.14 a 17.56 a 344.84 ab 598.08 ab 0.81 b 14.26 ab
S4 1.29 a 16.89 a 395.35 a 687.03 a 1.02 a 16.69 a
LSDo.0s 0.25 3.92 111.11 180.00 0.1 3.00
Interaction substrate and wicks
M1:S2 0.18 [« 12.30 cd 18.73 C 11.56 d 0.22 f 5.83 e
M1:S3 0.28 [« 12.06 d 31.33 C 26.18 d 0.41 e 7.92 de
M1:54 0.30 [« 14.13 bcd 38.79 C 22.82 d 0.60 d 11.27 cd
M2:S2 1.58 ab 23.92 a 417.53 b 578.48 C 0.64 d 15.33 cd
M2:S3 1.57 ab 21.53 a 456.19 ab 810.03 bc 0.89 C 18.37 ab
M2:54 1.63 ab 18.28 abcd 618.28 a 1133.72 a 1.20 a 21.32 a
M3:S2 1.50 b 19.62 ab 393.31 b 744.29 bc 1.02 ab 17.01 ab
M3:S3 1.57 ab 19.10 abc 547.00 ab 958.04 ab 1.11 ab 16.50 ab
M3:54 1.97 a 18.27 abcd 528.98 ab 907.15 ab 1.27 a 17.50 a
LSDo.0s 0.44 6.80 192.44 311.77 0.17 5.20
PH: plant height; CA: canopy area; TLA: total leaf area; SD: stem diameter; RL: root length.
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Growth rate of lettuce leaf length and leaf width under different media conditions and numbers of wicks. A: leaf length under different media
conditions; B: leaf length under different numbers of wicks; C: leaf width under different media conditions; D: leaf width under different num-

bers of wicks.

The number of wicks affected several lettuce morphology
variables. S4 produced the highest plant height at 1.29 cm, canopy
area at 395.35 cm?, total leaf area at 687.03 cm?, stem diameter at
1.02 mm and root length at 16.69 cm. S2 produced the lowest
canopy area at 276.52 cm?, total leaf area at 444.77 cm?, stem
diameter at 0.62 mm and root length at 12.73cm.

The interaction between substrate composition and wick
number showed that M3S4 produced the highest plant height at
1.97 cm and stem diameter at 1.27 mm. The highest canopy area
was observed in M2S4 at 618.28 cm?, while the highest total leaf area
was also recorded in M254 at 1133.72 cm? The highest SPAD value
was recorded in M2S2 at 23.92, while the highest root length was

observed in M254 at 21.32 cm. The lowest values for most growth
variables were recorded in the M1S2 treatment, including plant
height at 0.18 cm, canopy area at 18.73 cm?, total leaf area at 11.56
cm?, stem diameter at 0.22 mm and root length at 5.83 cm. The
visual morphology of lettuce in various planting media compositions
and number of wicks is shown in Fig, 5.

Yield of lettuce plant

Lettuce yield differed among substrate compositions, wick numbers
and their interactions (Table 2). Based on substrate composition, M3
produced the highest fresh weight of leaves at 51.60 g, dry weight of
leaves at 6.13 g, fresh weight of stems at 1.16 g, dry weight of stems at
0.25 g and fresh weight of roots at 1.20 g. M2 produced comparable
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Fig. 5. Visual morphology of lettuce under different planting media compositions and number of wicks.

Table 2. Yield of lettuce on various compositions of planting media and the number of potting wicks

FWL DWL FWS DWS FWR DWR
() (8) (8) (8) (8) (g)
Substrate composition
M1 10.02 b 1.12 b 0.14 C 0.07 C 0.15 b 0.07 b
M2 46.58 a 541 a 0.70 b 0.18 b 1.11 a 0.56 a
M3 51.60 a 6.13 a 1.16 a 0.25 a 1.20 a 0.49
LSDo.os 9.81 1.04 0.29 0.05 0.22 0.09
Number of wicks
S2 28.66 b 3.64 b 0.47 b 0.14 b 0.53 C 0.39
S3 36.02 ab 3.93 ab 0.58 b 0.17 ab 0.79 b 0.40
S4 43.51 a 4.68 a 0.95 a 0.19 a 1.11 a 0.46
LSDo.os 9.81 1.04 0.29 0.05 0.22 0.09
Interaction substrate and wicks

M1:S2 9.70 e 1.14 d 0.14 d 0.06 e 0.14 e 0.04 C
M1:S3 9.75 e 0.68 d 0.13 d 0.08 de 0.14 e 0.07 [«
M1:S4 10.60 e 1.53 d 0.15 d 0.06 de 0.19 e 0.11 [«
M2:S2 37.38 d 4.62 C 0.42 cd 0.14 cd 0.85 cd 0.47 b
M2:S3 43.46 bed 5.21 bc 0.61 bc 0.19 bc 1.04 cd 0.55 ab
M2:S4 58.89 ab 6.40 ab 1.09 b 0.22 abc 1.45 ab 0.64 a
M3:S2 38.90 cd 5.16 bc 0.86 bc 0.22 abc 0.68 d 0.42 b
M3:S3 54.84 abc 5.90 ab 1.01 b 0.25 ab 1.22 bc 0.47 b
M3:54 61.06 a 7.32 a 1.62 a 0.29 a 1.69 a 0.57 ab
LSDo.os 10.02 1.12 0.14 0.07 0.15 0.07

FWL: fresh weight of leaves; DWL: dry weight of leaves; FWS: fresh weight of stems; DWS: dry weight of stems; FWR: fresh weight of roots; DWR:

dry weight of roots.

yield values, with fresh leaf weight of 46.58 g, dry leaf weight of 5.41 g,
fresh stem weight of 0.70 g, dry stem weight of 0.18 g and fresh root
weight of 1.11 g. The lowest yield was recorded in M1, with fresh leaf
weight of 10.02 g, dry leaf weight of 1.12 g, fresh stem weight of 0.14
g, dry stemweight of 0.07 gand fresh root weight of 0.15 g,

The number of wicks also influenced lettuce yield. S4
produced the highest fresh leaf weight at 43.51 g, dry leaf weight at
4.68 g, fresh stem weight at 0.95 g, dry stem weight at 0.19 g and
fresh root weight at 1.11 g. S2 produced the lowest fresh leaf weight
at 28.66 g, dry leaf weight at 3.64 g, fresh stem weight at 0.47 g, dry
stem weight at 0.14 g and fresh root weight at 0.53 g. Dry root weight
did not differ markedly among wick treatments, with values of0.39 g
inS2,0.40gin S3and 0.46gin S4.

The interaction treatment M3S4 produced the highest
lettuce yield, with fresh leaf weight of 61.06 g, dry leaf weight of 7.32
g, fresh stem weight of 1.62 g, dry stem weight of 0.29 g and fresh
root weight of 1.69 g. M254 also produced high yield values, with
fresh leaf weight of 58.89 g, dry leaf weight of 6.40 g, fresh stem
weight of 1.09 g, dry stem weight of 0.22 g and fresh root weight of
145 g. The lowest yield was generally observed in the M1S2 and
M1S3 treatments. M1S2 produced fresh leaf weight of 9.70 g, dry leaf
weight of 1.14 g, fresh stem weight of 0.14 g, dry stem weight of 0.06

g, fresh root weight of 0.14 g and dry root weight of 0.04 g. The M3S4
treatment combination produced the best lettuce yield
performance among all treatments, while M1-based treatments
consistently resulted in the lowest growth and yield.

Discussion

Moisture dynamics of growing media under floating cultivation
systems

The variation in soil moisture among treatments indicates that
moisture dynamics in floating cultivation are controlled by the
interaction between substrate physical properties and capillary
water movement. Planting media composed of soil, manure, sand
and rice husk charcoal provides a more favourable physical
environment for plant growth than soil alone. The inclusion of sand
contributes to the enlargement of macropores, which enhances
water infiltration and air movement within the medium. Porosity
plays a crucial role in regulating water availability, aeration and root
growth space, thereby creating optimal conditions for root
development (7). Increased macroporosity facilitates drainage and
gas exchange, preventing excessive waterlogging and reducing the
risk of oxygen deficiency in the root zone (8).

Plant Science Today, ISSN 2348-1900 (online)
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Rice husk charcoal contributes predominantly to the
formation of micropores, which function as water retention sites
within the planting media (9). Its lightweight and highly porous
structure enables it to absorb and store water, releasing it gradually
according to plant demand (10). This characteristic is particularly
advantageous under floating cultivation systems, where stable
moisture availability is essential. The combination of macropores
from sand and micropores from rice husk charcoal creates a
balanced pore distribution, allowing the medium to retain sufficient
water while maintaining adequate aeration for root activity.

The effectiveness of moisture regulation is further supported
by the wick irrigation system, which operates based on capillary
principles (11). The wick functions as a pathway for water movement
from the swamp water below the raft to the planting medium.
However, the effectiveness of this process depends not only on the
number of wicks but also on the capacity of the substrate to absorb
and distribute water. A greater number of wicks can increase water
entry points into the medium and improve moisture distribution in
the root zone. This condition helps maintain a stable and humid
microenvironment around the roots, supports water and nutrient
uptake and reduces the risk of water stress in lettuce grown under
floating cultivation systems.

Effects of growing media and wick irrigation on lettuce growth

The planting medium plays a critical role in determining lettuce
vegetative performance, particularly leaf development. Media
dominated by soil tend to exhibit dense structure, limited porosity
and suboptimal drainage and aeration. These physical constraints
restrict root expansion and reduce oxygen diffusion into the root
zone, thereby limiting the efficiency of water and nutrient uptake
(12). As root function becomes impaired, vegetative growth
processes, including leaf formation, are consequently inhibited.

Conversely, planting media incorporating organic and porous
amendments exhibit improved structural properties, including
higher porosity and enhanced air circulation (13). These conditions
support water absorption and help maintain moisture availability
within the root zone (14). In the floating cultivation system, this
condition is important because the planting medium depends on
capillary water movement rather than direct contact with swamp
water. Improved porosity also enhances the performance of the
wick irrigation system because water can move more evenly
through the medium (15). Roots developing under such conditions
tend to be healthier and more extensive, enabling more efficient
nutrient acquisition.

Optimal root development directly supports leaf growth by
improving access to water and nutrients required for photosynthesis
and tissue formation (16). Even moisture distribution promotes
consistent physiological activity, whereas restricted root growth
limits nutrient uptake and suppresses vegetative development,
including leaf initiation and expansion (17). Therefore, the
interaction between porous media and an effective wick system
creates a favorable root-zone environment for sustained lettuce
growth.

Nitrogen availability further explains the differences in leaf
growth. Manure serves as a source of organic nitrogen, while rice
husk charcoal helps retain nutrients and provides a suitable habitat
for soil microorganisms (18). Enhanced microbial activity promotes
mineralisation and nitrification processes, allowing nitrogen to
become more readily available for plant uptake (19). Adequate

6

nitrogen supply supports chlorophyll synthesis, protein formation
and cell division, which are essential for leaf elongation and
expansion.

The improved growth response in amended media can
therefore be associated with better substrate structure, stable
moisture supply and increased nutrient availability. These
conditions support root development, nitrogen metabolism,
chlorophyll formation and photosynthetic efficiency, as reflected by
better vegetative performance (20). Organic-enriched and porous
media combined with sufficient wick pathways provide a more
suitable cultivation environment for lettuce than unamended soil
under floating cultivation conditions (21).

Lettuce yield response to growing media and wick irrigation

Lettuce biomass accumulation was improved using mixed planting
media and an appropriate wick configuration. The higher yield
obtained from media enriched with cow manure and rice husk
biochar indicates that substrate quality plays an important role in
supporting lettuce growth under floating cultivation systems. Cow
manure contributes nutrients, particularly nitrogen, which is
essential for chlorophyll synthesis, leaf development and
photosynthetic activity (22). Meanwhile, rice husk biochar improves
the physical structure of the medium by increasing porosity, aeration
and water-holding capacity, allowing roots to absorb water and
nutrients more efficiently (23).

The wick irrigation system also contributed to vyield
improvement by supplying water from the swamp water to the
planting medium through capillary movement. A greater number of
wicks can improve water distribution in the root zone, particularly
when combined with porous and organicenriched media. This
condition helps maintain moisture availability, supports root activity
and reduces the risk of water stress during plant growth.

The superior yield response in the M354 treatment suggests
that the combination of soil, cow manure, rice husk biochar and four
wicks provided a favourable balance between nutrient availability,
aeration and moisture supply (24). Therefore, this substrate-wick
combination can be considered a practical option for lettuce
cultivation in floating systems, especially in freshwater swamp areas
during flooding periods.

Conclusion

The results showed that the use of mixed planting media improved
lettuce growth and yield in the floating culture system. The M3
substrate, consisting of soil, cow manure and rice husk biochar,
produced better growth and yield than soil alone, with the highest
fresh leaf weight of 51.60 g and dry leaf weight of 6.13 g. This
improvement was associated with enhanced substrate structure,
moisture retention, aeration and nutrient availability. The number of
wicks also influenced lettuce performance. The S4 treatment
produced the highest fresh leaf weight of 43.51 g and dry leaf weight
of 4.68 g, indicating that four wicks provided better water supply to
support plant growth. The best treatment combination was M3S4,
which produced the highest yield, with 61.06 g fresh leaf weight, 7.32
g dry leaf weight, 1.62 g fresh stem weight, 0.29 g dry stem weight
and 1.69 g fresh root weight. The combination of soil, cow manure,
rice husk biochar and four wicks can be recommended as a practical
option for lettuce cultivation in floating systems, particularly in
freshwater swamp areas during flooding periods.
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