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Abstract

This study evaluated the effects of coir substrate reuse on substrate physicochemical properties, vegetative growth,
biomass accumulation, and fruit yield of eggplant (So/anum melongenaL. ‘Otoking’) grown in a coir slab-based solid substrate
hydroponic system. The two substrate conditions compared were new coir substrate and reused coir substrate that had
previously been used for one year in eggplant cultivation without structural reprocessing. Substrate reuse changed the
physical and chemical properties of the coir substrate. Compared with the new substrate, the reused substrate showed lower
container capacity and total porosity, decreasing from 74.17% to 57.32% and from 76.34% to 59.92%, respectively. In
contrast, pH and electrical conductivity increased from 5.21 to 6.13 and from 4.12 to 6.94 dS'm™!, respectively, indicating
salt accumulation and altered root-zone conditions. Vegetative growth and biomass accumulation were generally reduced in
the reused substrate. At the final harvest, reused substrate decreased leaf number, leaf area, and total dry weight, whereas
fruit fresh weight and fruit dry weight were not significantly affected. Average fruit weight increased from 259.8 to 285.5 g
in the reused substrate, while cumulative fruit number decreased from 89.3 to 74.7 fruits per plant. Consequently, cumulative
yield decreased from 23,211.7 to 21,316.6 g-plant”'. However, marketable fruit percentage was not significantly affected by
substrate reuse. These results indicate that reused coir substrate may limit vegetative growth and total yield compared with
new substrate, but fruit development and marketable fruit percentage were relatively maintained. Therefore, reused coir
substrate could be used as a resource-saving substrate for hydroponic eggplant production if pore structure changes and salt
accumulation are properly managed through leaching, buffering, EC adjustment, and hygienic control.
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1. Introduction

The increasing severity of climate change,
agricultural water scarcity, continuous cropping
obstacles, and agricultural waste accumulation
has intensified the need for sustainable
horticultural production systems. Hydroponic
cultivation, which enables precise delivery of
water and mineral nutrients without the use of

soil, has been recognized as an effective

cultivation  strategy for improving crop
productivity, ensuring product uniformity, and
enhancing resource-use efficiency (Sonneveld
and Voogt, 2009). In protected horticulture, the
integration of hydroponic systems with
environmental control technologies facilitates
year-round production, reduces soil-borne

diseases, and lowers labor requirements, leading
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to a continuous expansion of hydroponic
cultivation worldwide.

Eggplant (So/anum melongenal.) is one of the
most important solanaceous vegetable crops and
is widely appreciated for its nutritional and
functional properties. The fruit contains dietary
fiber, potassium, folate, vitamins, and bioactive
compounds such as nasunin and chlorogenic
acid, which contribute to its antioxidant activity
and potential health benefits (McCullough et al.,
2002; Stommel and Whitaker, 2003). Owing to its
prolonged fruiting habit and high yield
potential, eggplant is an economically valuable
greenhouse crop. However, vegetative growth,
flowering, fruit set, and fruit enlargement are
highly sensitive to environmental conditions,
including  temperature, radiation, water
availability, and nutrient status, resulting in
considerable variations in productivity and fruit
quality depending on cultivation practices.

In Korea, the cultivation area of eggplant is
approximately 263 ha, of which only about 38%
is managed under hydroponic systems (KOSIS,
2022; Jeong et al., 2026). Conventional soil
cultivation frequently suffers from soil-borne
pathogen accumulation and salinity buildup
caused by continuous cropping, both of which
are major constraints limiting productivity
(Jeong et al., 2026). Consequently, the adoption
of hydroponic production systems has been
proposed as an effective alternative to overcome
these challenges. Nevertheless, compared with
other greenhouse fruit vegetables such as
tomato and sweet pepper, relatively limited
research has been conducted on hydroponic
cultivation techniques for eggplant (Choi et al.,
2001; Kim et al., 2004).

In substrate-based hydroponic systems, the
growing medium plays a critical role in
determining root-zone conditions by providing
physical support for plant growth while
retention,

simultaneously regulating water

aeration, and nutrient buffering capacity.
Physical properties such as total porosity,
container capacity, air-filled porosity, and bulk
density, together with chemical characteristics,
directly influence root development, water and
nutrient uptake, and oxygen availability,
ultimately affecting plant growth and vyield
formation (Gruda, 2012; Junior et al., 2014; Lee
et al., 2024).

Among various horticultural substrates, coir
has become one of the most widely used organic
growing media due to its favorable physical and
chemical properties. Derived from coconut husk
residues, coir exhibits high water-holding
capacity, adequate aeration, substantial cation
exchange capacity, and excellent structural
stability, making it suitable for greenhouse
vegetable production (Shin et al., 2012; Kim et
al., 2014; Song et al., 2016). Furthermore, as a
renewable organic resource, coir is considered
environmentally sustainable and its utilization
has steadily increased in  commercial
hydroponic production systems. Despite these
advantages, large quantities of spent coir
substrate are generated after cultivation cycles,
resulting in disposal costs and environmental
burdens. Therefore, strategies to extend the
useful life of coir substrates have attracted
increasing attention from both economic and
environmental perspectives.

The growing emphasis on carbon neutrality
and circular agriculture has further accelerated
interest in substrate reuse within hydroponic
production systems. Reusing substrates can
reduce production costs, minimize agricultural
waste, and improve resource-use efficiency (Lee
et al, 2017. Jeong et al., 2026). However,
repeated use may alter substrate physical
structure and chemical properties, leading to
salinity accumulation, reduced aeration,
pore-space degradation, and proliferation of
pathogenic microorganisms, all of which may
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negatively affect crop productivity (Jeong, 2000;
Raviv et al., 2004). Conversely, several studies
have reported that reused substrates subjected to
appropriate washing, buffering, or disinfection
treatments can maintain crop growth and yield at
levels comparable to those obtained with new
substrates (Urrestarazu et al., 2008; Lee et al.,
2016, 2017).

The feasibility of reusing coir and rockwool
substrates has been investigated in several
greenhouse crops, including tomato, sweet
pepper, cucumber, and strawberry (Gruda, 2012;
Lee et al.,, 2017; Shin et al., 2022). However,
information regarding substrate reuse in

eggplant production remains limited. In
particular, quantitative evaluations of the effects
of reused coir substrate on plant growth,
biomass accumulation, yield components, and
marketable fruit production during long-term
greenhouse cultivation are scarce.

Because repeated cultivation may modify the
pore structure and increase salt accumulation
within coir substrates, reused coir is unlikely to
perform identically to newly supplied substrate.
Nevertheless, if reused coir can sustain
acceptable levels of fruit growth, marketable
yield, and overall productivity, it may represent
a practical resource-saving alternative when
combined with

appropriate management

practices such as leaching, buffering,
disinfection, and electrical conductivity control.
Therefore, a comprehensive assessment is
needed to determine the extent to which crop
performance is maintained or reduced in reused
coir relative to new substrate, and to identify the
factors requiring management for successful
substrate recycling.

Accordingly, the objectives of this study were
to compare the physical and chemical
properties of new and reused coir slabs in a
substrate-based hydroponic system and to

quantitatively evaluate the effects of substrate

reuse on plant growth, biomass accumulation,
yield components, total yield, and marketable
fruit production of greenhouse-grown eggplant.
The findings of this study will contribute to
assessing the direct applicability of reused coir
substrate and provide practical guidelines for
the sustainable and stable reuse of coir in
hydroponic vegetable production systems.

2. Materials and Methods

2.1. Plant material and growing conditions

The experiment was conducted to evaluate
the effects of reused coir substrate on the growth
and vield of eggplant grown in a substrate-based
hydroponic system. Seeds of eggplant (So/anum
melongena L. ‘Otoking’; Sakata Seed Co.,
Yokohama, Japan) were sown in 40-cell plug
trays filled with a commercial horticultural
growing medium and raised for 40 d in a nursery
greenhouse. Uniform seedlings with three to
four fully expanded true leaves were selected for
transplanting.

Seedlings were transplanted on 21 Mar. 2024
into coir slab substrates at a plant spacing of 30
cm. The experiment was conducted in a
glasshouse located at the Gyeongnam Smart
Farm Innovation Valley, Miryang, Republic of
Korea. Plants were grown under natural solar
radiation, and environmental conditions were
controlled using an integrated greenhouse
climate-control system.

Plants were trained using a two-stem training
system and managed according to standard
commercial greenhouse eggplant production
practices. Pruning, pest and disease management,
and irrigation scheduling were performed
uniformly throughout the experiment.

The nutrient solution contained (mmol-L™):
0.7 NH:*, 15.5 NOs", 1.25 PO#7, 6.0 K", 3.75 Ca™,
2.75 Mg*, and 1.55 SO.*". Micronutrients were
supplied at concentrations (zmol-L™") of 15 Fe,



756 SungHyun Park, Faraaz Ahmed Mohammad, Sang Rim Kim, Ji Gu Lee, Mac Cheryl Sulan Charles Emparang, Min Geon Cho, Dae Geun Jeong, Min Jae Kim, Kyung Min Park, Jum Soon Kang

35 B, 10 Mn, 5 Zn, 0.75 Cu, and 0.5 Mo. The
nutrient solution pH and electrical conductivity
(BEC) were maintained at 5.6-5.8 and 2.0-3.0
dS'm™, respectively.

Irrigation was supplied through a drip
irrigation system. The frequency of irrigation
events ranged from three to twenty times per day
depending on solar radiation, substrate moisture
status, and plant growth stage. The volume
applied per irrigation event ranged from 50 to
150 mL. Total daily irrigation volume was
adjusted according to crop developmental stage,
ranging from 200-800 mL-plant*-d™! during the
early vegetative stage, 1,000-1,500 mL-plant'-d”
! during flowering and fruit set, and 2,000-3,000
mL-plant'-d?! during the harvesting period.
Drainage was maintained at approximately 15%—
25% to ensure stable root-zone conditions, and
the final irrigation event was terminated 2-3 h
before sunset to prevent excessive nighttime
moisture accumulation.

Greenhouse environmental conditions were
monitored and controlled using a commercial
greenhouse management software package
(Magma GreenCS, Damyang, Korea).

2.2. New and reused coir substrates

Two substrate treatments were evaluated: a
new coir substrate and a reused coir substrate.
Both treatments consisted of commercially
available slab-type coir substrate (100 x 15 x
10 cm: coir:perlite = 7:3, (v/v); Daeyoung GS
Co., Ltd., Daegu, Korea). The reused substrate
had previously been used for one production
cycle of hydroponic eggplant cultivation for
approximately one year. After completion of the
previous crop, the slabs were retained and
reused without dismantling, reprocessing, or
replacement of substrate materials. The new
substrate consisted of unused coir slabs supplied
directly from the manufacturer.

2.3. Physical and chemical properties of substrates

To compare substrate characteristics between
treatments, physical properties including total
porosity, container capacity, air-filled porosity,
and bulk density were determined. Substrate
physical properties were measured using the
container-capacity method and analyzed using a
substrate characterization system (ioCrops Co.,
Ltd., Seoul, Korea). Calculations were performed
according to the procedures described by
Fonteno(1996) and Bilderback et al.(2005).

Substrate samples were first saturated with
water and weighed to obtain wet weight.
Samples were then allowed to drain freely until
gravitational water was removed, and the weight
after drainage was recorded. Subsequently,
samples were oven-dried at 105°C until constant
weight was achieved to determine dry weight.
Three replicate samples were analyzed for each
treatment.

The following equations were used:

Total porosity (%) = [(Wet weight - Dry weight) /
Container volume/ x 100
Container capacity (%) = [(Weight after drainage
- Dry weight)/Container volume] x 100
Air-filled porosity (%) = Total porosity -
Container capacity
Bulk density (g-cm™) = Dry weight / Container
volume

Chemical analyses included pH, EC, total
(T-N),
(C/N), phosphorus (P), potassium (K), calcium

nitrogen carbon-to-nitrogen ratio
(Ca), magnesium (Mg), and sodium (Na). Prior
to analysis, substrate samples were thoroughly
homogenized. For carbon determination,
samples were oven-dried at 110°C for 1 h and
subsequently ashed at 550°C for 4 h in a muffle
furnace. Total nitrogen content was determined

using the Kjeldahl digestion and distillation
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method. Phosphorus concentration was quantified
colorimetrically using a spectrophotometer at
470 nm. Concentrations of Ca, K, Mg, and Na
were measured using an atomic absorption
spectrophotometer.

2.4. Growth measurements and biomass analysis

Vegetative growth measurements were
conducted at 2-week intervals from 4 to 20
weeks after transplanting (WAT). Stem diameter
was measured at a fixed position above the
substrate surface using a digital caliper (DC150P;
Bluetec, China; accuracy #+0.01 mm). Plant
height was measured from the substrate surface
to the apical meristem, and node number was
determined by counting nodes along the main
stem. Leaf length and leaf width were measured
on representative fully expanded leaves. Leaf
length was defined as the distance from the
petiole insertion point to the leaf apex, whereas
leaf width was measured at the widest portion
of the leaf blade. Non-destructive growth
measurements were conducted using three
biological replicates per treatment. Final growth
measurements were performed at 21 WAT.
Three plants per replicate were destructively
harvested to determine leaf number, leaf area,
leaf fresh weight, fruit fresh weight, shoot fresh
weight, total aboveground fresh weight, leaf dry
weight, fruit dry weight, shoot dry weight, total
aboveground dry weight, and fruit number. Leaf
area was measured using a leaf area meter
(LI-3000; LI-COR Biosciences, Lincoln, NE,
USA). Total aboveground fresh weight included
leaves, stems, and fruits. Dry weights were
determined after oven-drying samples at 70°C
for 72 h to constant weight.

2.5. Yield and fruit quality assessment

Harvesting was conducted weekly from 5 to
20 WAT, resulting in a total of 16 harvests

during the experimental period. Cumulative
fruit number was calculated as the total
number of harvested fruits per plant at each
sampling date. Cumulative yield was expressed
as the cumulative fresh weight of harvested
fruits per plant. Fruit length was measured
from the calyx attachment point to the distal
end of the fruit. Fruits were classified as
marketable or non-marketable according to
Korean commercial grading standards. Fruits
weighing =150 g with a fruit length of 20-22
cm were considered marketable. Fruits weighing
{100 g or exhibiting blossom-end rot, disease
symptoms, deformities, or other defects were
classified as non-marketable. Marketable fruit
percentage was calculated as the ratio of
marketable fruits to the total number of
harvested fruits and expressed as a percentage.

2.6. Experimental design and statistical analysis

The experiment was arranged in a completely
randomized design consisting of two substrate
treatments (new and reused coir substrates). All
collected data were analyzed using SAS statistical
software (Version 9.4: SAS Institute Inc., Cary,
NC, USA). Differences between treatments were
evaluated by analysis of variance (ANOVA).
When
detected, mean separation was performed using
Duncan’s multiple range test (DMRT) at P <
0.05. Data are presented as mean values in tables

significant treatment effects were

and means * standard error (SE) in figures.
Figures were generated using SigmaPlot Version
12 (Systat Software Inc., San Jose, CA, USA).

3. Results and Discussion

3.1. Changes in physical and chemical properties
of new and reused coir substrates

The reuse of coir slabs significantly altered
several physical properties of the substrate
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(Table 1). Compared with the new substrate, the
reused coir substrate exhibited significantly
lower container capacity and total porosity.
Container capacity decreased from 74.17% in
the new substrate to 57.32% in the reused
substrate, while total porosity decreased from
76.34% to 59.92%. In substrate-based hydroponic
systems, physical substrate characteristics are
critical determinants of root-zone water and
air balance. Parameters such as pore structure,
container capacity, air-filled porosity, and
bulk density directly influence water retention,
oxygen diffusion, and root activity (de Boodt
and Verdonck, 1972; Kang and Kim, 2004; Shin
et al., 2022). Therefore, the reductions in
container capacity and total porosity observed
in the reused substrate suggest that structural
modifications occurred during the previous
cultivation cycle. These changes were likely
associated  with  particle degradation,
accumulation of fine particles, and gradual
substrate compaction, resulting in reduced
water-holding capacity and altered pore
distribution.

Organic substrates such as coir are known to
undergo  physical deterioration  during
repeated use, including particle breakdown
and pore-space reorganization, which can
affect
properties and aeration status (Raviv et al.,
2004). The results of the present study are

consistent with these observations and indicate

subsequently substrate  hydraulic

that long-term use of coir substrate may
modify the physical environment surrounding
plant roots. In contrast, air-filled porosity did
not differ significantly between treatments,
averaging 2.17% and 2.60% in the new and
reused substrates, respectively. Similarly, bulk
density remained unchanged at 0.12 g-em™in
both treatments. These results suggest that
substrate reuse did not substantially alter the

overall mass-to-volume relationship of the

Rather, the
changes occurred within the internal pore

substrate. primary physical
structure, resulting in reduced water-storage
capacity without a measurable increase in
substrate density.

Alterations in pore distribution and
water-retention characteristics can affect water
movement, oxygen availability, and nutrient
transport within the root zone, potentially
limiting plant growth and productivity during
long-term cultivation (Sonneveld and Voogt,
2009). Consequently, the observed reductions in
container capacity and total porosity may
represent important constraints to the successful
reuse of coir substrates in hydroponic
production systems. Significant changes were
also observed in the chemical properties of the
reused substrate (Table 2). The pH increased
from 5.21 in the new substrate to 6.13 in the
reused substrate, while EC increased from 4.12
to 6.94 dS'‘m™. The physicochemical properties
of substrate media play a central role in
determining root-zone conditions and directly
affect nutrient availability, water uptake, and
crop productivity (Nelson, 1991; Kang and Kim,
2004; Lee et al., 2016; Shin et al., 2022; Jeong et
al., 2026).

The increases in pH and EC observed in the
reused substrate were likely caused by the
accumulation of soluble salts and basic cations
during repeated fertigation and evapotranspiration
processes throughout the previous cultivation
cycle. Coir substrates may contain or accumulate
substantial concentrations of soluble ions such
as Na", K", and ClI” during production and
cultivation. Elevated EC levels increase the
osmotic potential of the root zone, thereby
reducing the ability of plants to absorb water
and nutrients efficiently (Raviv et al., 2004;
Sonneveld and Voogt, 2009). Maintaining a low
and stable initial EC is considered a critical
requirement for high-quality coir substrates.
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Table 1. Physical properties of new and reused coir substrates used for hydroponic cultivation of eggplant in a smart

greenhouse
. ) Air-filled it . Bulk densit
Substrate Container capacity (%) i e(%f orosity Total porosity (%) u(g.crir’lf)l ¥
New substrate 74.17a" 2.17a 76.34a 0.12a
Reused substrate 57.32b 2.60a 59.92b 0.12a

* Means separation within columns by Duncan's multiple range test at 7 < 0.05

Table 2. Chemical properties of new and reused coir substrates used for hydroponic cultivation of eggplant in a smart

greenhouse
Substrate pH EC T-N C/N P Exchangeable cations (mg-kg™)
condition (1:5) (dSm™) %) ratio (mgkg™) Ca K Mg Na
New 5.21b* 4.12b 0.32a 224.5b 5.8b 2.6b 15.0a 11.0b 4.8b
Reused 6.13a 6.94a 0.23b 320.0a 10.2a 4.3a 18.2a 18.3a 5.4a

*Means separation within columns by Duncan's multiple range test at 7 < 0.05

Excessive concentrations of soluble salts may
adversely affect root-zone osmotic conditions
and reduce crop performance, particularly
during the early stages of crop establishment
(Sonneveld and Voogt, 2009). Furthermore,
because salts continuously accumulate through
nutrient solution application during hydroponic
cultivation, the initial chemical status of the
substrate is an important factor influencing
root-zone stability and nutrient management
efficiency (Raviv et al., 2004). The total nitrogen
(T-N) concentration decreased from 0.32% in
the new substrate to 0.23% in the reused
substrate, whereas the C/N ratio increased from
224.5 to 320.0. These results indicate that
nitrogen was depleted during the previous
cultivation cycle through plant uptake and
leaching losses, resulting in a relatively greater
proportion of carbon within the substrate. The
elevated C/N that

substrate organic matter dynamics and nutrient

ratio further suggests
availability were altered during reuse, which
may subsequently influence microbial activity
and nutrient cycling within the root zone.
Changes in mineral composition were also

evident. Concentrations of P, Ca, Mg, and Na
were significantly higher in the reused substrate
than the K
concentration increased numerically but did not

in new substrate, whereas
differ significantly between treatments. The
accumulation of Na is particularly noteworthy
because excessive sodium concentrations can
induce osmotic stress and ionic imbalance,
thereby restricting water uptake and plant
2009). The

increased Na concentration, together with the

growth (Sonneveld and Voogt,

elevated EC observed in the reused substrate,
indicates that salt accumulation was a major
factor contributing to changes in root-zone
chemical conditions. Collectively, substrate
reuse reduced container capacity and total
porosity while increasing pH, EC, and the
accumulation of several mineral ions. These
changes resulted in a root-zone environment
that differed substantially from that of the new
substrate. Reduced water-holding capacity
combined with elevated salinity may negatively
affect root function, nutrient uptake, and plant
establishment, thereby limiting crop performance
are applied without

if reused substrates
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appropriate pretreatment.

Therefore, effective management practices
are required before reusing coir substrates in
hydroponic production systems. In particular,
leaching procedures should be implemented to
remove accumulated salts, while buffering
treatments may help restore chemical balance
within the substrate. In addition, disinfection
measures should be considered to minimize
potential pathogen carryover between cropping
cycles. Such management strategies may
improve the feasibility of coir substrate reuse
and contribute to the development of more
sustainable and resource-efficient hydroponic

production systems.

3.2. Effects of reused coir substrate on vegetative
growth during the growing period

The reuse of coir substrate influenced the
vegetative growth of eggplant throughout the
cultivation period, although the magnitude of
the response varied depending on growth stage
and measured parameter (Table 3). Overall,
plants grown in the reused substrate exhibited
lower values for most growth characteristics
than those grown in the new substrate. During
the early vegetative stage (4-8 weeks after
transplanting, WAT), plants cultivated in the
reused substrate tended to show reduced stem
diameter, node number, and leaf development.
At 6 WAT, stem diameter and node number in
the reused substrate were 5.77 mm and 2.71,
respectively, compared with 6.27 mm and 3.00
in the new substrate. Leaf length and leaf width
also tended to be lower in the reused substrate.
These results suggest that differences in substrate
condition affected seedling establishment and
early shoot growth following transplanting.

In hydroponic cultivation systems, substrate
pore structure and water-holding characteristics
strongly influence root-zone aeration, water
availability, and nutrient uptake efficiency.

Consequently, alterations in substrate physical
properties may directly affect early plant growth
and establishment (Raviv et al., 2004; Gruda,
2012). As demonstrated in Section 3.1, the
reused substrate exhibited reduced container
capacity and total porosity compared with the
new substrate, potentially restricting root
activity during the establishment phase. The
tendency toward reduced vegetative growth
persisted during the mid-growth stage (10-14
WAT). Plant height, node number, and several
leaf growth parameters remained lower in plants
grown in the reused substrate. At 14 WAT, plant
height reached 11590 cm in the reused
substrate compared with 131.69 cm in the new
substrate. Similarly, node number was reduced
from 8.88 in the new substrate to 7.88 in the
reused substrate.

This growth stage is particularly important
because rapid vegetative development establishes
the photosynthetic framework and potential
fruit-bearing capacity of the crop. Therefore,
reductions in plant height and node formation
during this period may influence subsequent
reproductive growth and yield formation. The
observed growth suppression is likely associated
with the
properties of the reused substrate identified in

altered physical and chemical
Section 3.1, including reduced water-holding
capacity, lower total porosity, and elevated EC.
Changes in substrate pore structure and salinity
can limit oxygen diffusion, water uptake, and
nutrient acquisition by roots, thereby reducing
stem elongation and leaf expansion (Sonneveld
and Voogt, 2009; Savvas and Gruda, 2018).
During the late growth stage (16-20 WAT), plants
grown in the reused substrate continued to
exhibit lower plant height, node number, leaf
length, and leaf width than those grown in the
new substrate. At 20 WAT, plant height was
168.01 cm in the reused substrate and 191.07 cm
in the new substrate, while node number was
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Table 3. Effects of reused substrate on vegetative growth parameters of hydroponically grown eggplant at different growth

stages in a smart greenhouse

Substrate condition  Stem diameter (mm) No. of nodes Plant height (cm)  Leaf length (cm) Leaf width (cm)
4 weeks after transplanting

New substrate 5.56a" 1.00a 30.55a 18.06a 14.67a

Reused substrate 5.13b 1.00a 27.83b 17.31a 12.80a
6 weeks after transplanting

New substrate 6.27a 3.00a 45.77a 16.60a 10.91a

Reused substrate 5.77b 2.71b 42.31b 14.11b 8.96b
8 weeks after transplanting

New substrate 6.38a 4.58a 78.27a 20.54a 15.55a

Reused substrate 5.50a 4.11b 73.36a 18.56a 13.44b
10 weeks after transplanting

New substrate 4.91a 6.55a 95.81a 18.86a 10.30a

Reused substrate 4.18b 5.85b 86.25b 17.30b 9.42a
12 weeks after transplanting

New substrate 5.75a 8.00a 113.10a 20.78a 11.24a

Reused substrate 4.66b 7.16b 100.44b 18.51a 10.21a
14 weeks after transplanting

New substrate 5.13a 8.88a 131.69a 19.45a 12.63a

Reused substrate 4.60b 7.88b 115.90b 18.30b 11.73b
16 weeks after transplanting

New substrate 4.33a 9.33a 152.11a 20.36a 13.10a

Reused substrate 3.91b 8.66b 130.99b 19.10b 12.35b
18 weeks after transplanting

New substrate 5.31a 10.88a 167.84a 20.10a 12.63a

Reused substrate 3.75b 9.71a 145.52b 19.16b 11.64b
20 weeks after transplanting

New substrate 6.01a 12.44a 191.07a 19.96a 11.71a

Reused substrate 6.90a 11.22b 168.01b 18.50b 10.83b

* Means separation within columns of each treatment by Duncan's multiple range test at 2 < 0.05

11.22 and 12.44, respectively. These findings
indicate that shoot growth and node formation
remained somewhat restricted throughout the
cultivation period when plants were grown in
the reused substrate. Interestingly, stem
diameter was not significantly affected by
substrate reuse during the later growth stage.
At 20 WAT, stem diameter was 6.90 mm in the
reused substrate and 6.01 mm in the new
significant difference

substrate, with no

between treatments. This result suggests that

the influence of substrate reuse was not
uniform across all vegetative growth parameters.
Rather, the effects were more pronounced in
traits associated with canopy expansion and
shoot elongation, such as plant height, node
formation, and leaf development, than in stem
thickening. The differential response among
growth parameters may reflect the adaptive
capacity of eggplant to moderate root-zone
stress. Under conditions of reduced substrate
water availability and elevated salinity, plants
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often prioritize maintenance of structural
tissues while reducing leaf expansion and
shoot elongation to minimize transpiration
demand and maintain physiological balance.
Similar growth responses have been reported
in greenhouse vegetable crops exposed to
suboptimal root-zone environments (Sonneveld
and Voogt, 2009; Savvas and Gruda, 2018).
Overall, the reused coir substrate moderately
reduced vegetative growth relative to the new
substrate, particularly in plant height, node
development, and leaf expansion. Nevertheless,
plants grown in the reused substrate
maintained continuous growth throughout the
entire cultivation period, and some parameters,
such as stem diameter, were not significantly
affected. These findings indicate that the
effects of substrate reuse are growth-
parameter dependent rather than universally
inhibitory. Although the altered physical and
chemical properties of the reused substrate
reduced vegetative vigor, the degree of growth
suppression was relatively moderate, suggesting
that eggplant possesses a certain level of
tolerance to changes in root-zone conditions

associated with coir substrate reuse.

3.3. Effects of reused coir substrate on yield
development during the growing period

The reuse of coir substrate affected yield
throughout the
period, resulting in lower cumulative fruit

development cultivation
number and cumulative yield compared with
the new substrate, although fruit production
was continuously maintained throughout the
growing season (Fig. 1). Differences in
cumulative fruit number between treatments
were relatively small during the initial harvesting
period but became increasingly evident after 8
weeks after transplanting (WAT). At the final
harvest, plants grown in the reused substrate

produced 72.7 fruits plant™, whereas those

grown in the new substrate produced 88.3 fruits
plant!. The reduction in cumulative fruit
number is likely associated with the lower
vegetative growth observed in the reused
substrate, particularly reduced plant height,
node formation, and leaf expansion (Table 3).
Because node development directly determines
the number of potential flowering and fruiting
sites in continuously fruiting crops such as
eggplant, reductions in vegetative growth may
ultimately limit fruit production capacity.
Similarly, cumulative vyield remained
consistently lower in plants grown in the
reused substrate. At 20 WAT, cumulative yield
reached 2,696.6 gplant! in the reused
substrate compared with 2,891.9 g-plant’! in
the new substrate, representing a reduction of
approximately 6.8% (Fig. 1). The decline in
yield appeared to be primarily attributable to
reduced fruit number rather than impaired
fruit growth. Substrate physical and chemical
properties strongly influence root-zone water
availability, oxygen supply, and nutrient uptake,
all of which affect vegetative development and
the maintenance of reproductive growth (Raviv
et al., 2004; Sonneveld and Voogt, 2009; Savvas
and Gruda, 2018). Therefore, the reduced
container capacity and total porosity, together
with the elevated EC observed in the reused
substrate, likely contributed to less favorable
root-zone conditions and consequently reduced
fruit set and cumulative yield. In contrast, fruit
length was generally unaffected by substrate
treatment throughout the cultivation period.
The absence of significant differences in fruit
length suggests that substrate reuse had
relatively little influence on the external
morphological development of individual fruits.
Although cumulative fruit number and total yield
were reduced, the maintenance of fruit length
indicates that fruits that successfully developed
under the reused substrate were able to sustain
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Fig. 1. Changes in (A) cumulative number of fruits, (B)
cumulative yield and (C) fruit length of eggplant at
different growth stages after transplanting as
affected by substrate condition (new vs. reused
substrate) in a coir slab-based hydroponic system
in greenhouse. Error bars represent SE (n = 3).

These
demonstrate that the primary effect of substrate

relatively normal growth. results
reuse was associated with the number of fruits
produced rather than with the growth of
individual fruits. Thus, reused coir substrate
on vyield

acted as a moderate constraint

formation by reducing fruit production capacity

while having comparatively little effect on fruit
size characteristics.
Overall, the

cumulative fruit number and cumulative yield

reused substrate reduced
compared with the new substrate. Nevertheless,

fruit production continued throughout the
cultivation period, and fruit length remained
relatively stable. These findings suggest that
substrate reuse did not severely impair fruit
development but rather limited yield formation
primarily through reductions in fruit set and

cumulative fruit production.

3.4. Effects of reused coir substrate on final plant
growth and biomass accumulation

The effects of substrate reuse on plant
growth and biomass accumulation were further
evaluated at the final harvest (21 WAT). Plants
grown in the reused substrate exhibited lower
leaf number, leaf area, and aboveground
biomass than those grown in the new substrate
(Fig. 2; Table 4). Leaf number decreased from
165.0 leaves plant! in the new substrate to
161.0 leaves plant! in the reused substrate,
while leaf area was also reduced (Fig. 2B). These
results are consistent with the reduced plant
height,
observed throughout the cultivation period
(Table 3), indicating that the effects of substrate

reuse persisted until the final harvest stage.

node number, and leaf expansion

Differences in fresh biomass accumulation
were also evident (Table 4). Leaf fresh weight
and stem fresh weight in the reused substrate
were 340.0 and 570.0 g plant™!, respectively,
compared with 380.0 and 650.0 g-plant™ in the
new substrate. Consequently, total aboveground
fresh weight decreased from 1,335.8 g-plant’! in
the new substrate to 1,224.2 g-plant™ in the
reused observations  of
the final
supported these quantitative findings (Fig. 3).

substrate.  Visual

representative plants at harvest

Plants grown in the reused substrate exhibited
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Fig. 2. Effect of substrate condition on eggplant growth at
21 weeks after transplanting in a coir slab-based
hydroponic system. (A) Number of leaves per plant
and (B) leaf area. New substrate produced higher
values than reused substrate for both traits.
Different letters above the bars indicate significant
differences between treatments, and error bars
represent SE (n = 3).

somewhat reduced canopy development and
overall vigor compared with those grown in the
new substrate, although fruit production was
maintained. These observations correspond well
with the reductions in leaf and stem biomass
shown in Table 4, suggesting that substrate reuse
primarily affected vegetative growth rather than
reproductive development.

Dry matter accumulation showed trends
similar to those observed for fresh biomass. Leaf
dry weight and stem dry weight were lower in the
reused substrate, reaching 45.3 and 129.6
gplant™!, respectively. Consequently, total
aboveground dry weight decreased from 219.0

g'plant™ in the new substrate to 194.2 g-plant’

in the reused substrate. The physical and
chemical changes observed in the reused
substrate, including lower container capacity,
reduced total porosity, and higher EC, may have
restricted water and nutrient uptake, thereby
limiting canopy development and dry matter
production (Raviv et al., 2004; Sonneveld and
Voogt, 2009; Savvas and Gruda, 2018). Reduced
leaf area and biomass accumulation likely
lowered the overall photosynthetic capacity of
the plants, contributing to diminished vegetative
growth.

Interestingly, fruit fresh weight and fruit dry
weight did not differ significantly between
treatments. Fruit fresh weight was 305.8 g-plant”
Uin the new substrate and 314.2 g-plant™* in the
reused substrate, whereas fruit dry weight was
17.7 and 19.3 gplant™!, respectively. These
results indicate that although vegetative biomass
accumulation was reduced, fruit growth and dry
matter deposition within individual fruits were
largely maintained wunder substrate reuse
conditions. This response may be explained by
source-sink relationships in fruiting vegetable
crops. Marcelis(1996) reported that fruits act as
dominant sink organs, preferentially attracting
assimilates when source availability becomes
limiting. In the present study, despite reductions
in vegetative growth and total biomass production,
fruit biomass accumulation was maintained,
suggesting that assimilates were preferentially
allocated to reproductive organs. Consequently,
the effects of substrate reuse were more
pronounced in vegetative tissues than in fruits.

Overall, reused coir substrate reduced leaf
development, aboveground biomass
accumulation, and total dry matter production,
indicating moderate limitations on vegetative
growth. However, fruit biomass accumulation
remained relatively stable, suggesting that
reproductive sinks were maintained despite

reductions in overall plant vigor.
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Table 4. Effects of new and reused coir substrates on growth and biomass of hydroponically grown eggplant at 21 weeks
after transplanting

Fresh weight (g-plant™’) Dry weight (g-plant™)
Substrate condition” Leaf Stem Fruit Total Leaf Stem Fruit Total
New substrate 380.0a’ 650.0a 305.8a 1,335.8a 48.7a 152.6a 17.7a 219.0a
Reused substrate 340.0b 570.0b 314.2a 1,224.2b 45.3b 129.6b 19.3a 194.2b

* Growth parameters were measured at the final harvest, 21 weeks after transplanting
¥ Means separation within columns by Duncan's multiple range test at 2 < 0.05

New substrate Reused substrate

Fig. 3. Representative plant morphology of eggplant at 21 weeks after transplanting as affected by substrate condition in
a coir slab-based hydroponic system. New substrate and reused substrate treatments are shown to visually
compare plant vigor and canopy development at the final harvest stage. Reused substrate refers to coir substrate
previously used for one yvear in eggplant hydroponic cultivation and reused without structural reprocessing.
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Table 5. Effects of new and reused coir substrates on yield components and marketable fruit percentage of hydroponically

grown eggplant at 21 weeks after transplanting

Substrate condition” Average fruit weight

Cumulative no. of fruits

Cumulative yield Marketable fruit yield

(© (plant™) (gplant™) %)
New substrate 259.8b" 89.3a 23,211.7a 96.6a
Reused substrate 285.5a 74.7b 21,316.6b 95.3a

* Growth parameters were measured at the final harvest, 21 weeks after transplanting
¥ Means separation within columns by Duncan's multiple range test at < 0.05

3.5. Effects of reused coir substrate on yield
components and marketable fruit production

Substrate reuse significantly influenced
several yield components at the final harvest
(Table 5). Interestingly, average fruit weight
was significantly greater in the reused substrate
than in the new substrate, whereas cumulative
fruit number and total yield were reduced.

Average fruit weight increased from 259.8 g in
the new substrate to 285.5 g in the reused
substrate. This increase was likely associated
with the reduced fruit number observed under
substrate reuse conditions. When fewer fruits
are present on a plant, competition among fruits
for assimilates is reduced, allowing a greater
proportion of photosynthates to be allocated to
individual fruits.

In contrast, cumulative fruit number
decreased from 89.3 fruits plant™ in the new
substrate to 74.7 fruits plant™ in the reused
substrate. This reduction is consistent with the
lower plant height, node number, leaf area,
and vegetative biomass observed in previous
sections. In continuously fruiting crops such as
eggplant, node formation and canopy
development determine both flowering potential
and assimilate supply capacity. Therefore,
likely

contributed directly to reduced fruit production.

reductions in vegetative growth

Final cumulative yield was also lower in the
reused substrate, reaching 21,316.6 g-plant™
compared with 23,211.7 gplant™ in the new
Although weight

substrate. individual fruit

increased under substrate reuse conditions, the

reduction in fruit number had a greater
influence on total yield. This finding agrees with
the source-sink theory proposed by Marcelis
(1993), which suggests that fruit number and
exhibit

compensatory relationships under conditions of

individual  fruit growth often

limited assimilate availability.
Despite reductions in fruit number and total

yield, marketable fruit percentage was not

affected by
Marketable fruit percentage was 96.6% in the

significantly substrate reuse.
new substrate and 95.3% in the reused substrate.
These results indicate that while substrate reuse
reduced overall productivity, it had little effect
on fruit quality and marketability.

Therefore, the principal effect of substrate
reuse was a reduction in fruit production
capacity rather than deterioration of fruit
quality. The high marketable fruit percentage
observed in both treatments suggests that reused
coir substrate can maintain acceptable fruit
quality even when some reduction in yield
occurs.

Collectively, these findings demonstrate that
substrate reuse moderately reduced vegetative
growth, fruit number, and total yield, but did not
substantially impair individual fruit growth or
marketable fruit production. Consequently, with
appropriate management practices to mitigate
the physical and chemical limitations identified
in reused substrates, coir reuse may represent a
feasible strategy for improving the sustainability
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and resource-use efficiency of hydroponic
eggplant production.

4. Conclusions

This study evaluated the effects of coir
substrate reuse on substrate properties, plant
growth, biomass accumulation, and vyield
performance of eggplant (So/anum melongenal.
‘Otoking’) grown in a coir slab-based hydroponic
system. Reused coir substrate exhibited lower
container  capacity and total porosity,
accompanied by increased pH and electrical
conductivity (EC), indicating that repeated use
altered both the

characteristics of the root-zone environment.

physical and chemical
Compared with the new substrate, the reused
substrate reduced plant height, node number,
leaf number, leaf area, and total dry matter
accumulation, suggesting moderate limitations
on vegetative growth and biomass production.
In terms of yield performance, cumulative fruit
number and total cumulative yield were reduced
under substrate reuse conditions, whereas
average fruit weight increased. Notably,
marketable fruit percentage was not significantly
affected by substrate reuse, indicating that fruit
quality and marketability were largely maintained
despite reductions in overall productivity. These
findings suggest that although reused coir
substrate may not provide growth and yield
performance equivalent to that of new substrate,
it can sustain acceptable levels of fruit
production and marketable yield in hydroponic
eggplant cultivation. The primary limitations
associated with substrate reuse were related to
changes in pore structure and salt accumulation,
which adversely affected root-zone conditions
and vegetative growth.

Therefore, appropriate management practices,
including leaching, buffering, EC adjustment,
and sanitation treatments, are essential for

improving the performance of reused coir
substrates. When such measures are properly
implemented, reused coir substrate has the
potential to serve as a resource-efficient and
environmentally sustainable alternative in
hydroponic eggplant production, contributing
to reduced substrate costs and improved circular
utilization of horticultural growing media.

Future studies should evaluate changes in
substrate porosity and salinity over multiple
reuse cycles, establish practical threshold values
for substrate replacement, optimize nutrient-
solution management according to substrate EC,
and determine the economically optimal duration
of coir substrate reuse.
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