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Abstract. Sesanti RN, Purwanto E, Samanhudi, Sudadi. 2025. Effects of nutrient solution and substrate on Limnocharis flava 

performance in hydroponic systems. Asian J Agric 9: 590-597. Limnocharis flava is a promising aquatic vegetable for substrate-based 

hydroponic cultivation. However, the optimal combination of nutrient concentrations and substrate types to maximize growth under 

hydroponic conditions remains unclear. This study evaluated five nutrient solution concentrations (0, 0.8, 1.6, 2.4, and 3.2 dS m-¹) and three 

substrate types (volcanic sand, rice husk charcoal, and a 1:1 mixture) in a Randomized Complete Block Design (RCBD) with three 

replications. Nutrient concentrations of 0.8 and 1.6 dS m-¹ produced the highest plant height (28.48 cm and 28.20 cm), number of leaves 

(11.31 and 11.03), shoot dry weight (4.61 g and 4.74 g), root fresh weight (13.20 g and 12.43 g), and root dry weight (0.76 g and 0.74 g). 

Both lower and higher concentrations inhibited growth, indicating optimal thresholds for nutrient uptake. Chlorophyll a, b, and total 

chlorophyll contents were similar across the 0.8-3.2 dS m-¹ range, but consistently higher than the control. The leaf greenness index showed 

a significant interaction between nutrient concentration and substrate type, with the highest value at 2.4 dS m-¹ in the mixed substrate. A 

nutrient concentration of 1.6 dS m-¹ produced the best overall performance. Based on these results, a combination of 1.6 dS m-¹ nutrient 

solution and a 1:1 mixture of volcanic sand and rice husk charcoal is recommended for the cultivation of L. flava. These findings establish 

baseline guidelines for hydroponic cultivation of L. flava and highlight its potential to advance precision hydroponics for indigenous 

vegetables, thereby contributing to food security and sustainable agriculture.  
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INTRODUCTION  

Indonesia is renowned for its rich biodiversity, which 

includes a vast array of indigenous plants with untapped 

potential to enhance food security and nutritional diversity. 

Among these, Limnocharis flava (L.) Buchenau (yellow 

velvetleaf) emerges as a particularly promising candidate 

due to its unique adaptability and nutritional profile. This 

aquatic vegetable thrives in waterlogged conditions, a trait 

that sets it apart from many conventional leafy vegetables, 

which often fail in marginal wetlands. Limnocharis flava 

provides higher levels of key nutrients compared to widely 

consumed leafy vegetables such as spinach (Spinacia 

oleracea L.), water spinach (Ipomoea aquatica Forssk.), 

and lettuce (Lactuca sativa L.). On a fresh-weight basis, L. 

flava contains approximately 3.5 g of protein per 100 g, 

which is about 30% higher than spinach (2.7 g) and more 

than twice that of lettuce (1.4 g). Its calcium content (~140 

mg/100 g) also surpasses that of spinach (99 mg), water 

spinach (77 mg), and lettuce (33 mg), while its iron 

concentration (~5.2 mg/100 g) is nearly double that of 

spinach (2.7 mg) and more than triple that of lettuce (0.9 

mg). In addition, L. flava exhibits a robust antioxidant 

profile, with total phenolic content exceeding 40 mg 

GAE/g extract and an IC50 for DPPH scavenging of 35-40 

µg/mL, values that are comparable to or even superior to 

those reported for common leafy vegetables (Susila et al. 

2012; Harich et al. 2019; Dylag et al. 2023; Saikia et al. 

2023; Sudirman et al. 2023). Despite these advantages, its 

cultivation remains limited to regions such as Sumatra and 

West Java, constraining its accessibility and economic 

potential (Saupi et al. 2020; Chatara et al. 2023; Putra et al. 

2023). 

To expand its utilization, cultivation methods that 

mimic its natural aquatic environment while ensuring yield 

stability are needed. Conventional systems are inadequate, 

whereas substrate-based hydroponics offers precise nutrient 

and water management, reduced soil-borne risks, and 

suitability for urban agriculture (Perkasa and Petropoulos 

2020; Pomoni et al. 2023; Fathidarehnijeh et al. 2024). 

However, the effectiveness of hydroponics is highly 

dependent on nutrient solution concentration and substrate 

type, both of which directly influence plant physiology, 

chlorophyll content, and stress tolerance (Neocleous et al. 

2020; Łaźny et al. 2021; Yang et al. 2021; Azmin et al. 2022).  

Previous studies on leafy vegetables have reported 

inconsistent responses to nutrient and substrate conditions. 

Spinach benefited from higher nutrient levels (3.4 dS m-¹), 

whereas lettuce exhibited optimal growth at moderate 

nutrient solution concentration (1.3 dS m-¹), and Cichorium 



SESANTI et al. – Growth of Limnocharis flava in a hydroponics system 

 

591 

spinosum L. showed minimal response (Gillespie et al. 

2021; Kappel et al. 2021; Voutsinos-Frantzis et al. 2022). 

Similarly, cocopeat improved the yield of spinach but was 

less effective for lettuce, for which inorganic substrates 

such as perlite performed better (Machado et al. 2021; 

Nerlich and Dannehl 2021). These differences indicate that 

substrate–nutrient interactions are species-specific and 

cannot be generalized across all leafy vegetables. 

For L. flava, no systematic studies exist under 

hydroponic conditions. Current recommendations are 

extrapolated from other crops, overlooking its adaptations 

to aquatic environments, which may alter responses to 

nutrient imbalances and root zone conditions. The critical 

interaction between nutrient concentration and substrate 

type is a determinant of nutrient uptake and root health 

remains unexplored. Therefore, this study addresses this 

gap by evaluating the effects of nutrient solution 

concentrations (0-3.2 dS m-¹) and substrate types (volcanic 

sand, rice husk charcoal, and a 1:1 mixture) on the growth 

and chlorophyll content of L. flava. The findings aim to 

establish evidence-based guidelines for hydroponic 

cultivation of L. flava, contributing to its commercial 

viability, sustainable agriculture, and broader utilization of 

indigenous aquatic crops. 

MATERIALS AND METHODS  

Study area 

This study was conducted in the greenhouse of the 

Faculty of Agriculture, Universitas Sebelas Maret, 

Surakarta, Central Java, Indonesia (altitude 131 m above 

sea level; coordinates 7°33′41.8″ S and 110°51′32.36″ E) 

from August to October 2024. The greenhouse was covered 

with UV-stabilized polyethylene film and had natural 

ventilation through side openings. Environmental 

parameters during the experiment were as follows: light 

intensity of 680-850 µmol m-² s-¹ (measured at midday) and 

a natural photoperiod of 12.3-12.5 h. The average 

temperature and relative humidity during the experiment 

are shown in Figure 1. 

Experimental design and treatments  

This study was conducted using a factorial experiment 

that was arranged in a Randomized Complete Block Design 

(RCBD) with three replications. Factor A was the nutrient 

solution concentrations (0, 0.8, 1.6, 2.4, and 3.2 dS m-¹), 

and factor B was the substrate type (volcanic sand, rice 

husk charcoal, and a 1:1 mixture). This study had fifteen 

treatments replicated three times, resulting in 45 

experimental units. Each experimental unit contained six 

plants, and three plants were sampled.  

Procedures 

Preparation of the hydroponic installation of the floating 

raft system without an aerator 

The hydroponic installation of the floating raft system 

without an aerator was prepared using 45 plastic boxes. 

The top of each box was covered with styrofoam and 

perforated according to a planting distance of 20×20 cm, 

accommodating six plants per box. The layout was divided 

into three groups according to the number of replicates, 

with each replicate containing 15 boxes. Each box was 

filled with the designated substrate treatment, namely 

volcanic sand, husk charcoal, or a 1:1 mixture of volcanic 

sand and husk charcoal. The substrate was arranged to a 

depth of 15 cm, after which the nutrient solution was 

applied until reaching 2 cm above the substrate surface. 

The system was operated without aeration to mimic the 

natural waterlogged conditions in which L. flava typically 

grows, making it simple and low cost. Such a design 

minimizes investment and management requirements, 

thereby offering a more accessible option for small-scale 

farmers and supporting broader adoption of sustainable 

hydroponic practices. 

Planting of Limnocharis flava seedlings  

Limnocharis flava seedlings were obtained from 

Semarang Regency. The seedlings used were 15 cm tall, 

with a total of 3 leaves. Planting the seedlings was done by 

placing the seedlings in the planting holes that had been 

provided in the hydroponic installation.  

 

 

 
 

Figure 1. Average temperature and relative humidity in the greenhouse from August to October 2024 
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Nutrient treatment 

The hydroponic nutrient solution was formulated to 

contain 180 ppm NO3⁻, 37 ppm NH4⁺, 66 ppm P, 286 ppm 

K, 154 ppm Ca, 66 ppm Mg, and 122 ppm S, plus 40 g 

Vitaflex™ micronutrient mix, in 5 L of concentrated stock 

solution. Stock Solution A contained nitrate, ammonium, 

potassium, calcium, and micronutrients, without sulfate or 

phosphate salts. Stock Solution B contained magnesium, 

sulfate, and phosphate salts. Solutions were diluted to 

treatment and adjusted to 6.0±0.2 pH daily using 1 N HCl 

or NaOH. Nutrient solution concentration was monitored 

with a calibrated EC meter (Hanna HI 98301). Nutrient 

solution treatments (0, 0.8, 1.6, 2.4, 3.2 dS m-¹) were 

obtained by adding water to the nutrient stock solution. 

Substrate  

Volcanic sand (3-5 mm) was collected from volcanic 

deposits, while rice husk charcoal was produced by 

pyrolysis at 400°C under limited oxygen. Mixed substrates 

were prepared volumetrically. 

Maintenance and harvesting  

Plant maintenance is done by checking the 

concentration of nutrient solution and pH every day using 

an EC and pH meter. If the nutrient solution concentration 

and pH are not appropriate, the feeding treatment is 

adjusted. Pest and disease control was carried out without 

the use of pesticides by picking up pests by hand or 

removing diseased plants. Harvesting was done when L. 

flava was 28 days after planting (DAP). Harvesting was 

done by pulling out L. flava from the planting hole and 

collecting it into a container for observation. 

Sample preparation and analysis 

Growth measurement 

The observation variables included plant height (cm) 

measure with ruler, number of leaves (leaf), is counted 

manually on fully opened leaves, leaf area (cm2) measure 

with Leaf Area Measurement., plant fresh weight (g), plant 

dry weight (g), root fresh weight (g), root dry weight (g) 

measure with analytical balance.  

Chlorophyll and SPAD measurement 

Leaf greenness index was measure with SPAD, and 

chlorophyll content was calculated using the following 

formula developed by Arnon (1949) 

Chlorophyll A = (12.7 × A 663 – 2.69 × A 645) × v/w × 1000 

Chlorophyll B = (22.9 × A 645 – 4.68 × A663) x v/w × 1000 

Total chlorophyll = (20.2 × A645) + (8.02 × A663) × v/w × 1000 

Where: 

v: Supernatant volume 

w: Leaf weight 

Data analysis 

The collected data were analyzed using Analysis of 

Variance (ANOVA) using the Factorial procedure in a 

Randomized Complete Block Design (RCBD) available in 

SPSS 26 software. If the calculated F value is significant, 

continue with Duncan’s Multiple Range Test (DMRT) at 

the 5% level. DMRT was chosen for its higher sensitivity 

in detecting differences among means in experiments with 

small replication numbers, making it suitable for 

horticultural studies with limited sample sizes (Gomez and 

Gomez 1984) 

RESULTS AND DISCUSSION 

Growth and biomass accumulation 

The application of varying nutrient solution 

concentration levels significantly influenced the growth 

and biomass accumulation of L. flava. Growth parameters 

such as plant height, number of leaves, and leaf area 

showed an optimum at 0.8-1.6 dS m-¹, while a noticeable 

decline was observed beyond 2.4 dS m-¹ (Table 1). This 

pattern suggests that L. flava performs best under low to 

moderate nutrient supply, aligning with previous findings 

on L. sativa, which reported optimal growth at 0.9-1.3 dS 

m-¹ (Hosseini et al. 2021; Kappel et al. 2021). Plant height, 

leaf number, and leaf area increased significantly within 

the range of 0.8-1.6 dS m-¹. Biomass data supported this 

trend, with the highest plant fresh weight (55.77 g) and root 

fresh weight (13.20 g) recorded at 0.8 dS m-¹. Although 

root dry weight remained stable from 0.8 to 2.4 dS m-¹, 

both low and higher nutrient solution concentrations 

resulted in significant decreases in root and plant biomass, 

indicating stress due to nutrient imbalance. These reflect 

the physiological response of L. flava to nutrient 

availability. Low nutrient supply results in stunted growth 

and a reduction in fresh biomass of herbaceous plants by 

nearly 50% (Fimbres-Acedo et al. 2022). In contrast, 

excessively high nutrient solution concentration levels 

(>2.4 dS m-¹) tend to disrupt ionic balance, reduce osmotic 

potential, and interfere with nutrient absorption, which 

ultimately limits biomass accumulation (Soufi et al. 2023). 

Therefore, the optimal nutrient solution concentration 

range for L. flava growth in hydroponic systems is between 

0.8-1.6 dS m-¹, with growth performance declining sharply 

above 2.4 dS m-¹. Substrate type did not significantly affect 

most vegetative traits, suggesting that all tested media 

provided sufficient aeration and water retention. 

Nonetheless, husk charcoal showed a slight advantage in 

supporting plant and root fresh weight. This supports 

previous research indicating that biochar-based media 

enhance plant performance under suboptimal nutrient or 

salinity conditions by improving cation exchange capacity 

and buffering against salt stress (Nurhidayati et al. 2022; 

Zhu et al. 2024; Sahin et al. 2025). Recent evidence also 

demonstrates that biochar substrates improve pore structure 

and nutrient-use efficiency in hydroponic systems, making 

them globally relevant for sustainable cultivation (Ighalo et 

al. 2025; Natalli et al. 2024). 

Several recent global studies have confirmed that 

moderate nutrient solution concentration in hydroponic 

systems enhances the growth, yield, and quality of leafy 

vegetables (Adhikari et al. 2022; Do Carmo et al. 2024; 

Martinez-Moreno et al. 2024). Moreover, recent studies on 

hydroponically grown leafy vegetables, including kale, 

collard, and broccoli, have demonstrated that excessive 
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nutrient solution concentration can negatively affect plant 

performance (Tobassum et al. 2023; Yang et al. 2024). 

Excessive nutrient solution concentration in hydroponic 

systems impairs photosynthesis, reduces biomass 

accumulation, and decreases yield, while moderate nutrient 

solution concentration promotes optimal growth and 

nutritional quality. These findings collectively highlight the 

critical importance of precise management of both nutrient 

solution concentration to maximize productivity and 

performance in hydroponically grown leafy vegetables. 

Chlorophyll content and leaf greenness index 

Nutrient solution concentrations (0.8-3.2 dS m-¹) did not 

significantly affect chlorophyll a, b, or total chlorophyll 

content in L. flava. However, all nutrient-supplemented 

treatments resulted in significantly higher chlorophyll 

content compared to the control (0 dS m-¹), which showed 

the lowest values (Table 2). This indicates that the presence 

of essential nutrients, especially nitrogen (N), magnesium 

(Mg), and iron (Fe), is crucial for chlorophyll biosynthesis 

(Li et al. 2022; Nasar et al. 2022; Lazarević et al. 2024; 

Mthiyane et al. 2024). Although increasing nutrient 

solution concentration levels did not further increase 

chlorophyll content above 0.8 dS m-¹, this stable value may 

be due to ion antagonism under high salinity conditions. 

Specifically, increased nutrient solution concentration can 

lead to the accumulation of potassium (K), which inhibits 

the uptake of Mg, a key element in chlorophyll structure 

(Currey et al. 2019). This ion competition at higher nutrient 

solution concentration levels can inhibit nutrient uptake, 

resulting in stagnant chlorophyll levels, as supported by 

previous studies (Nkcukankcuka et al. 2022; Papadakis et 

al. 2023). Given the absence of chlorophyll increases above 

0.8-1.6 dS m-¹, this range appears optimal for hydroponic 

cultivation of L. flava. Higher concentrations provide no 

additional physiological benefits and may ultimately lead 

to nutrient imbalance or chlorosis over time. Substrate type 

also showed no significant effect on chlorophyll 

parameters, with all tested media producing comparable 

values.  

Leaf greenness, estimated using the Soil Plant Analysis 

Development (SPAD) index, showed a significant 

interaction between nutrient concentration and substrate 

type (Table 3). The highest SPAD value (53.53) was 

recorded in the 2.4 dS m-¹ treatment combined with a 1:1 

mixture of volcanic sand and rice husk charcoal. 

Statistically similar values were also observed in the 1.6 

and 2.4 dS m-¹ combinations with volcanic sand. These 

treatments support optimal chlorophyll synthesis and 

nitrogen use efficiency, which are closely correlated with 

SPAD readings and plant physiological performance (Hou 

et al. 2021; Li et al. 2021). SPAD values without nutrients 

(0 dS m-¹) ranged from 9.03 to 11.60, indicating severe 

chlorophyll deficiency in all substrates. In contrast, the use 

of nutrient concentrations of 0.8-2.4 dS m-¹ resulted in 

SPAD values between 28.46 and 50.96, with the mixed 

substrate consistently outperforming the single substrate 

treatments. This indicates a synergistic effect between 

volcanic sand and rice husk charcoal in increasing nutrient 

retention and root aeration, corroborating the findings of 

Olasehinde (2025).  

A synthesis of these results reveals a trend where actual 

chlorophyll concentrations remained stable across nutrient 

solution concentration treatments ≥0.8 dS m-¹. In 

comparison, SPAD values increased up to a threshold 

nutrient solution concentration (1.6-2.4 dS m-¹), then 

reached saturation or declined slightly. This difference is 

due to physiological and anatomical adaptations, rather 

than changes in pigment content. Although SPAD readings 

are widely used as proxies for chlorophyll and nitrogen 

content, they are also influenced by factors such as 

mesophyll thickness, chloroplast density, and leaf optical 

properties (El-Hendawy et al. 2022; Shi et al. 2024; Zhang 

et al. 2024). Under high nutrient solution concentration 

conditions, plants adapt by increasing the palisade and 

mesophyll cell layers, which alters light transmission 

through the leaf and results in artificially increased SPAD 

values (Xiong et al. 2015; Liu et al. 2024). This adaptive 

mechanism allows plants to maintain photosynthetic 

efficiency despite nutrient stress, highlighting the 

importance of interpreting SPAD data in conjunction with 

biochemical chlorophyll analysis. 
 

 

Table 1. Effects of nutrient solution concentrations and substrate types on growth parameters and biomass of Limnocharis flava at 28 

days after planting (DAP) 

  

Treatment 
Plant height 

(cm) 

Number of 

leaf (leaves) 

Leaf area 

(cm2) 

Plant fresh 

weight (g) 

Plant dry 

weight (g) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

Concentration (dS m-1) 

0 19.94±1.77 c 5.32±0.21 c 127.86±16.3 d 9.66 ± 1.56 d 0.83 ± 0.17 c 4.88 ± 0.05 d 0.32 ± 0.04 b 

0.8 28.48±1.09 a 11.31±0.67 a 482.02±54.4 a 55.77 ± 4.11 a 4.61 ± 0.84 a 13.20 ± 1.55 a 0.76 ± 0.05 a 

1.6 28.20±0.22 a 11.03±0.39 a 356.68±34.2 b 46.53 ± 11.33 b 4.74 ± 0.49 a 12.43 ± 4.27 ab 0.74 ± 0.17 a 

2.4 25.96±1.39 ab 10.28±0.63 ab 262.83±54.8 c 32.83 ± 3.02 c 3.61 ± 0.41 b 10.92 ± 2.24 b 0.64 ± 0.17 a 

3.2 23.48±1.62 b 9.03±0.23 b 230.09±26.3 c 27.47 ± 2.89 c 3.26 ± 0.40 b 7.93 ± 1.06 c 0.41 ± 0.02 b 

Substrate        

Volcanic sand 25.70±3.41 a 9.07±2.10 a 269.48±125.8 a 30.52±15.44 b 3.39 ± 1.57 a 8.07 ± 2.42 c 0.51 ± 0.16 a 

Husk charcoal 24.96±4.18 a 9.57±2.65 a 295.87±126.0 a 37.17±21.18 a 3.22 ± 1.60 a 11.63 ± 4.76 a 0.62 ± 0.25 a 

Volcanic sand+ 

husk charcoal (1:1) 

24.98±3.62 a 9.54±2.60 a 310.33±158.0 a 35.65±17.73 ab 3.63 ± 1.71 a 9.91 ± 3.52 b 0.58 ± 0.22 a 

CV (%) 10.91 15.10 15.10 22.80 19.73 20.22 25.40 

Note: The numbers followed by the same letters and columns showed no significant difference based on the DMRT test at a level of 5% 
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Table 2. Effects of nutrient solution concentrations and substrate types on chlorophyll a, chlorophyll b, and total chlorophyll contents of 

Limnocharis flava at 28 days after planting (DAP) 

 

Treatment Chlorophyll A content 

(mg g-1) 

Chlorophyll B content 

(mg g-1) 

Chlorophyll total content 

(mg g-1) 

Concentration (dS m-1) 

0 0.043±0.00 b 0.015±0.00 b 0.058±0.00 b 

0.8 0.145±0.01 a 0.079±0.03 a 0.224±0.03 a 

1.6 0.157±0.00 a 0.087±0.01 a 0.244±0.01 a 

2.4 0.149±0.00 a 0.077±0.01 a 0.226±0.01 a 

3.2 0.167±0.01 a 0.109±0.00 a 0.276±0.00 a 

Substrate    

Volcanic sand 0.130±0.04 a 0.088±0.04 a 0.218±0.09 a 

Husk charcoal 0.136±0.05 a 0.065±0.03 a 0.202±0.08 a 

Volcanic sand+ husk 

charcoal (1:1) 

0.130±0.05 a 0.066±0.03 a 0.197±0.08 a 

CV (%) 19.52 56.88 29.87 

Note: The numbers followed by the same letters and columns showed no significant difference based on the DMRT test at a level of 5% 

 

 

 

Table 3. Effects of nutrient solution concentrations and substrate 

types on the leaf greenness index of Limnocharis flava at 28 days 

after planting (DAP) 

 

Treatment 
Leaf greenness 

index (SPAD) 

0 dS.m-1 x volcanic sand 9.36±0.81 f 

0.8 dS.m-1 x volcanic sand 42.76±1.19 d 

1.6 dS.m-1 x volcanic sand 49.23±2.02 abc 

2.4 dS.m-1 x volcanic sand 50.96±2.21 ab 

3.2 dS.m-1 x volcanic sand 46.00±4.50 bcd 

0 dS.m-1 x husk charcoal 9.03±3.05 f 

0.8 dS.m-1 x husk charcoal 28.46±1.85 e 

1.6 dS.m-1 x husk charcoal 43.83±3.05 cd 

2.4 dS.m-1 x husk charcoal 43.13±1.42 cd 

3.2 dS.m-1 x husk charcoal 46.13±6.38 bcd 

0 dS.m-1 x volcanic sand+husk charcoal (1:1) 11.60±2.47 f 

0.8 dS.m-1 x volcanic sand+husk charcoal (1:1) 43.16±3.80 cd 

1.6 dS.m-1 x volcanic sand+husk charcoal (1:1) 45.46±1.30 bcd 

2.4 dS.m-1 x volcanic sand+husk charcoal (1:1) 53.53±6.46 a 

3.2 dS.m-1 x volcanic sand+husk charcoal (1:1) 47.06±1.10 bcd 

CV (%) 8.80 

Note: The numbers followed by the same letters and columns 

showed no significant difference based on the DMRT test at a 

level of 5% 

 

Visual aspect 

Successful vegetable production is not only assessed 

based on agronomic parameters but also considers visual 

aspects of the plant, such as leaf color, size, and damage 

level. In this study, variations in nutrient solution 

concentration affected the visual appearance of L. flava, 

particularly leaf color, size/shape, and damage (Figure 2). 

The 0 dS m-¹ nutrient solution treatment caused yellowing 

of the leaves, likely due to nutrient deficiencies, especially 

N, Mg, and Fe, which are essential for chlorophyll 

biosynthesis (Ding et al. 2018). Nutrient deficiencies 

directly reduce chlorophyll a and b content and the leaf 

greenness index (Tables 2 and 3). In contrast, leaves in the 

2.4 dS m-¹ and 3.2 dS m-¹ treatments remained green but 

exhibited edge damage, visible as drying of the leaf 

margins. At 3.2 dS m-¹, leaves not only showed margin 

damage but also became smaller, elongated, and stiff. 

Increasing nutrient concentrations can stimulate plant 

growth up to a certain threshold. However, exceeding the 

plant’s physiological tolerance can lead to osmotic 

imbalance and ionic toxicity. Common visual symptoms 

include leaf margin necrosis (tip burn), interveinal 

chlorosis, and premature leaf drop (Yap et al. 2022). Tip 

burn results from impaired calcium transport to 

meristematic tissues, often exacerbated by rapid growth 

induced by excess nutrients. High nutrient concentrations 

also increase the osmotic pressure around roots, inhibiting 

water uptake and causing local leaf dehydration, which 

physiologically mimics drought, even under an adequate 

water supply. Excessive ions, such as sodium or 

ammonium, may further interfere with enzyme activity and 

damage cell structures (Zhu et al. 2024). 

The change in leaf shape to lanceolate at 3.2 dS m-¹ is 

likely due to high N and P concentrations. Excess nitrogen 

tends to reduce overall leaf expansion, increase vein 

density, and redirect growth toward internal structure 

reinforcement, resulting in smaller, stiffer leaves. Excess 

phosphorus can increase the leaf length-to-width ratio, 

producing elongated, narrow, lanceolate leaves (Zhang et 

al. 2024). 

Although the findings of this study are specific to L. 

flava, they provide valuable insights into broader 

hydroponic cultivation principles. The unique adaptability 

of L. flava to waterlogged conditions and its interactions 

with different substrates and nutrient concentrations cannot 

be directly generalized to all hydroponic crops. 

Nevertheless, the methodological approaches and nutrient 

management strategies presented here are transferable to 

other species with similar ecological requirements. This 

highlights that while the physiological responses may vary 

among crops, the underlying principles of hydroponic 

system optimization particularly in terms of substrate and 

nutrient interactions remain widely applicable. 
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Figure 2. Visual appearance of Limnocharis flava leaves at increasing nutrient solution concentrations (A0=0, A1=0.8, A2=1.6, A3=2.4, 

A4=3.2 dS m-¹). Leaves at A0 are chlorotic, A1 shows leaves with uneven greenness, A2 exhibits healthy green leaves, A3 displays 

burnt edges, and A4 shows lanceolate morphology. These labels illustrate the effect of nutrient solution concentration on leaf greenness 

and morphology 

 

 

 

In conclusion, this study demonstrated that optimal 

growth, biomass accumulation, and physiological quality of 

L. flava in a hydroponic system were achieved at nutrient 

solution concentrations of 0.8-1.6 dS m-¹. Concentrations 

exceeding 2.4 dS m-¹ significantly reduced plant 

performance and caused stress symptoms such as shoot 

burns and leaf deformation. Although substrate type did not 

significantly affect most vegetative parameters, a mixed 

substrate of volcanic sand and rice husk charcoal 

consistently increased fresh biomass and SPAD index, 

indicating improved nutrient retention and root-zone 

conditions. Chlorophyll content remained relatively stable 

across nutrient solution treatments ≥0.8 dS m-¹, while 

SPAD values increased with nutrient concentration until 

reaching a threshold, reflecting biochemical and anatomical 

adaptations. These findings suggest that a nutrient solution 

of 1.6 dS m-¹ combined with a mixed substrate provides the 

most favorable conditions for hydroponic cultivation of L. 

flava. This low-input combination is ideal for cost-

effective, urban farming, offering a sustainable solution for 

leafy vegetables. While these results are specific to L. 

flava, the methodological insights and nutrient 

management strategies presented here are transferable to 

other hydroponic crops with comparable ecological traits. 

ACKNOWLEDGEMENTS 

This research received support from Pusat Pembiayaan 

dan Asesmen Pendidikan Tinggi (PPAPT, or Center for 

Higher Education Funding and Assessment) and Lembaga 

Pengelolaan Dana Pendidikan (LPDP, or the Indonesia 

Endowment Funds for Education) through Beasiswa 

Pendidikan Indonesia (BPI, or the Indonesia Education 

Scholarship) of the Ministry of Higher Education, Science, 

and Technology of Republic of Indonesia (Kementerian 

Pendidikan Tinggi, Sains, dan Teknologi Republik 

Indonesia) with the scholarship recipient's identification 

number 202209092021. 

REFERENCES 

Adhikari L, Baral R, Paudel D, Min D, Makaju SO, Poudel HP, Acharya 
JP, Missaoui AM. 2022. Plant stress cold stress in plants: Strategies to 

improve cold tolerance in forage species. Plant Stress 4: 100081. 

DOI: 10.1016/j.stress.2022.100081. 
Azmin SNHM, Sulaiman NS, Nor MSM, Abdullah PS, Kari ZA, Pati S. 

2022. A review on recent advances on natural plant pigments in 

foods: Functions, extraction, importance and challenges. Appl 
Biochem Biotechnol 194: 4655-4672. DOI: 10.1007/s12010-022-

04050-z. 

Chatara T, Musvosvi C, Houdegbe AC, Tesfay SZ, Sibiya J. 2023. 
Biochemical characterization of African spider plant (Gynandropsis 

gynandra (L.) Briq.) genotypes under drought and non-drought 

conditions. Front Plant Sci 14: 1197462. DOI: 
10.3389/fpls.2023.1197462. 

Currey CJ, Walters KJ, Flax NJ. 2019. Nutrient solution strength does not 

interact with the daily light integral to affect hydroponic cilantro, dill, 
and parsley growth and tissue mineral nutrient concentrations. 

Agronomy 9 (7): 389. DOI: 10.3390/agronomy9070389. 

Ding X, Jiang Y, Zhao H, Guo D, He L, Liu F, Zhou Q, Nandwani D, Hui 
D, Yu J. 2018. Electrical conductivity of nutrient solution influenced 

photosynthesis, quality, and antioxidant enzyme activity of pakchoi 

(Brassica campestris L. ssp. Chinensis) in a hydroponic system. PLoS 
ONE 13 (8): e0202090.. DOI: 10.1371/journal.pone.0202090. 



 ASIAN JOURNAL OF AGRICULTURE 9 (2): 590-597, December 2025 

 

596 

Do Carmo APM, Freitas MSM, Machado LC, Silva LdS, Petri DJC, 

Vimercati JC, Matos CRR, Mathias L, Viera IJC, Carvalho AJC. 

2024. Electrical conductivity of nutrient solutions affects the growth, 
nutrient levels, and content and composition of essential oils of 

Acmella oleracea (L.) R. K. Jansen from southeastern Brazil. J Agric 

Food 15: 100968. DOI: 10.1016/j.jafr.2024.100968. 
Dylag A, Smolen S, Wista-Swider A, Kowalska I, Sularz O, Krzemiriska 

J, Pitala J, Koronowicz A. 2023. Evaluation of the chemical 

composition and nutritional value of lettuce (Lactuca sativa L.) 
biofortified in hydroponics with iodine in the form of iodoquinolines. 

Front Plant Sci 14: 1288773. DOI: 10.3389/fpls.2023.1288773. 

El-Hendawy S, Dewir YH, Elsayed S, Schmidhalter U, Al-Gaadi K, Tola 
E, Refay Y, Tahir MU, Hassan WM. 2022. Combining hyperspectral 

reflectance indices and multivariate analysis to estimate different 

units of chlorophyll content of spring wheat under salinity conditions. 
Plants 11 (3): 456. DOI: 10.3390/plants11030456. 

Fathidarehnijeh E, Nadeem M, Cheema M, Thomas R, Krishnapillai M, 

Galagedara L. 2024. Current perspective on nutrient solution 
management strategies to improve the nutrient and water use 

efficiency in hydroponic systems. Can J Plant Sci 102 (2): 88-102. 

DOI: 10.1139/cjps-2023-0034. 
Fimbres-Acedo YE, Traversari S, Cacini S, Costamagna G, Ginepro M, 

Massa D. 2022. Testing the effect of high pH and low nutrient 

concentration on four leafy vegetables in hydroponics. Agronomy 13 
(1): 41. DOI: 10.3390/Agronomy13010041. 

Gillespie DP, Papio G, Kubota C. 2021. High nutrient concentrations of 

hydroponic solution can improve growth and nutrient uptake of 
spinach (Spinacia oleracea L.) grown in acidic nutrient solution. 

HortScience 56 (6): 687–694. DOI: 10.21273/HORTSCI15777-21. 

Gomez K, Gomez A. 1984. Statistical procedures for agricultural research. 
2nd ed. Wiley-Interscience, New York. 

Harich H, Hazra, Alfasane MA, Kauser S, Shahjadee UF, Khondker M. 

2019. Biochemical composition of some selected aquatic macrophytes 
under ex-situ conditions. J Asiatic Soc Bangladesh Sci 44 (1): 53-60. 

DOI: 10.3329/jasbs.v44i1.46545. 

Hosseini H, Mozafari V, Roosta HR, Shirani H, Van De Vlasakker PCH, 

Farhangi M. 2021. Nutrient use in vertical farming: Optimal electrical 

conductivity of nutrient solution for growth of lettuce and basil in 
hydroponic cultivation. Horticulturae 7 (9): 283. DOI: 

10.3390/horticulturae7090283. 

Hou W, Shen J, Xu W, Khan MR, Wang Y, Zhou X, Gao Q, Murtaza B, 
Zhang Z. 2021. Recommended nitrogen rates and the verification of 

effects based on leaf SPAD readings of rice. PeerJ 9: e12107. DOI: 

10.7717/peerj.12107. 
Ighalo JO, Ohoro CR, Ojukwu VE, Oniye M, Shaikh WA, Biswas JK, 

Seth CS, Babu G, Mohan M, Chandran SA, Rangabhashiyam S. 

2025. Review biochar for ameliorating soil fertility and microbial 
diversity: From production to action of the black gold. iScience 28: 

111524. DOI: 10.1016/j.isci.2024.111524. 

Kappel N, Boros F, Ravelombola FS, Sipos L. 2021. EC sensitivity of 
hydroponically-grown lettuce (Lactuca sativa L.) types in terms of 

nitrate accumulation. Agriculture 11 (4): 315. DOI: 

10.3390/agriculture11040315. 
Lazarević B, Gunjača J, Safner T, Vidak M, Javornik T, Carović-Stanko 

K. 2024. Multispectral and chlorophyll fluorescence imaging for 

detection of nutrient deficiency symptoms in common bean. J Cent 
Eur Agric 25 (2): 416-432. DOI: 10.5513/JCEA01/25.2.4305. 

Łaźny R, Mirgos M, Przybył JL, Nowak JS, Kunka M, Gajc-Wolska J, 

Kowalczyk K. 2021. Effect of re-used lignite and mineral wool 
growing mats on plant growth, yield and fruit quality of cucumber 

and physical parameters of substrates in hydroponic cultivation. 

Agronomy 11 (5): 998. DOI: 10.3390/agronomy11050998. 
Li J, Cao X, Jia X, Liu L, Cao H, Qin W, Li M. 2021. Iron deficiency 

leads to chlorosis through impacting chlorophyll synthesis and 

nitrogen metabolism in Areca catechu L. Front Plant Sci 12: 710093. 
DOI: 10.3389/fpls.2021.710093. 

Li J, Lu X, Ju W, Li J, Zhu S, Zhou Y. 2022. Seasonal changes of leaf 

chlorophyll content as a proxy of photosynthetic capacity in winter 
wheat and paddy rice. Ecol Ind 140: 109018. DOI: 

10.1016/j.ecolind.2022.109018. 

Liu X, Wang X, Zhu J, Wang X, Chen K, Yuan Y, Yang X, Mo W, Wang 
R, Zhang S. 2024. Strong conservatism in leaf anatomical traits and 

their multidimensional relationships with leaf economic traits in 

grasslands under different stressful environments. Ecol Process 13 
(1): 71. DOI: 10.1186/s13717-024-00548-y. 

Machado RMA, Alves-Pereira I, Ferreira R, Gruda NS. 2021. Coir, an 

alternative to peat—effects on plant growth, phytochemical 

accumulation, and antioxidant power of spinach. Horticulturae 7 (6): 
127. DOI: 10.3390/horticulturae7060127. 

Martinez-Moreno A, Carmona J, Martinez V, Garcia-Sanchez F, Mestre 

T, Navarro-Perez V, Cmara-Zapata J. 2024. Reducing nitrate 
accumulation through the management of nutrient solution in a 

floating system lettuce (Lactuca sativa L.). Scientia Hortic 336 (10): 

113377. DOI: 10.1016/j.scienta.2024.113377. 
Mthiyane P, Aycan M, Mitsui T. 2024. Integrating biofertilizers with 

organic fertilizers enhances photosynthetic efficiency and upregulates 

chlorophyll-related gene expression in rice. Sustainability 16 (21): 
9297. DOI: 10.3390/su16219297. 

Nasar J, Wang G, Ahmad S, Muhammad I, Zeeshan M, Gitari H, Adnan 

M, Fahad S, Abdelsalam NR, Ahmed GA, Hasan ME. 2022. Nitrogen 
fertilization coupled with iron foliar application improves the 

photosynthetic characteristics, photosynthetic nitrogen use efficiency, 

and the related enzymes of maize crops under different planting 
patterns. Front Plant Sci 16: 988055. DOI: 10.3389/fpls.2022.988055. 

Natalli LH, Hillig E, Lombardi KC, Godinho M, Nuñez RP. 2024. Use of 

biochar as a component of substrates in horticulture and forestry: A 
review. Rev Bras Cienc Solo 48: e0240027.. DOI: 

10.36783/18069657rbcs20240027. 

Neocleous D, Nikolaou G, Ntatsi G, Savvas D. 2020. Impact of chelated 
or inorganic manganese and zinc applications in closed hydroponic 

bean crops on growth, yield, photosynthesis, and nutrient uptake. 

Agronomy 10 (6): 881. DOI: 10.3390/agronomy10060881. 
Nerlich A, Dannehl D. 2021. Soilless cultivation: Dynamically changing 

chemical properties and physical conditions of organic substrates 

influence the plant phenotype of lettuce. Front Plant Sci 11: 601455. 
DOI: 10.3389/fpls.2020.601455. 

Nkcukankcuka M, Jimoh MO, Griesel G, Laubscher CP. 2022. Growth 

characteristics, chlorophyll content and nutrients uptake in Tetragonia 
decumbens Mill. cultivated under different fertigation regimes in 

hydroponics. Crop Pasture Sci 73 (2): 67-76. DOI: 10.1071/CP20511. 

Nurhidayati N, Ansari AS, Sholihah A, Chiangmai PN. 2022. 

Vermicompost and rice husk biochar interaction ameliorates nutrient 

uptake and yield of green lettuce under soilless culture. J Hortic Res 
30 (2): 55-66. DOI: 10.2478/johr-2022-0018. 

Olasehinde AA. 2025. Biodegradable growth media alternatives for 

sustainable hydroponic farming. Curr J Appl Sci Technol 44 (3): 147-
152. DOI: 10.9734/cjast/2025/v44i34506. 

Papadakis IE, Antonopoulou C, Sotiropoulos T, Chatzissavvidis C, 

Therios I. 2023. Effect of magnesium on mineral nutrition, 
chlorophyll, proline and carbohydrate concentrations of sweet orange 

(Citrus sinensis cv. Newhall) plants. Appl Sci 13 (14): 7995. DOI: 

10.3390/app13147995. 
Perkasa AY, Petropoulos S. 2020. “Genjer” Yellow velvetleaf used as 

indigenous vegetable in Indonesia. Anatolian J Bot 4 (1): 76-79. DOI: 

10.30616/ajb.710777. 
Pomoni DI, Koukou MK, Vrachopoulos MG, Vasiliadis L. 2023. A 

review of hydroponics and conventional agriculture based on energy 

and water consumption, environmental impact, and land use. Energies 
16 (4): 1690. DOI: 10.3390/en16041690. 

Putra SP, Carolina Y, Salsinha F. 2023. Waterlogging and salinity stress 

affecting growth and morphological character changes of 
Limnocharis flava. Biodiversitas 24 (1): 333-340. DOI: 

10.13057/biodiv/d240140. 

Sahin O, Gunes A, Deniz Yagcıoglu K, Kadioglu YK. 2025. Exploring 
the impact of rice husk biochar on oxidative mechanisms and salt 

stress tolerance in lettuce plants. J Plant Nutr 48 (4): 607-616. DOI: 

10.1080/01904167.2024.2408419. 
Saikia K, Dey S, Hazarika S, Handique G, Thakur D, Handique A. 2023. 

Chemical and biochemical characterization of Ipomoea aquatica: 

Genoprotective potential and inhibitory mechanism of its 
phytochemicals against α-amylase and α-glucosidase. Front Nutr 10: 

1304903. DOI: 10.3389/fnut.2023.1304903. 

Saupi N, Saidin AA, Harah M, Ya Z, Sarbini SR, Yusli NA. 2020. An 
ethnobotanical study of indigenous leafy vegetables among local 

communities in Bintulu, Sarawak, Malaysia. Borneo J Res Sci 

Technol 10 (2): 155-165. DOI: 10.33736/bjrst.2623.2020. 
Shi P, Wang Y, Yin C, Fan K, Qian Y, Chen G. 2024. Mitigating 

saturation effects in rice nitrogen estimation using Dualex 

measurements and machine learning. Front Plant Sci 15: 1518272. 
DOI: 10.3389/fpls.2024.1518272. 



SESANTI et al. – Growth of Limnocharis flava in a hydroponics system 

 

597 

Soufi HR, Roosta HR, Hamidpour M. 2023. The plant growth, water and 

electricity consumption, and nutrients uptake are influenced by 

different light spectra and nutrition of lettuce. Sci Rep 13: 20766. 
DOI: 10.1038/s41598-023-48284-1. 

Sudirman S, Arianti M, Nugroho GD, Ridhowati S, Pitayati PA, Janna M. 

2023. Total polyphenols and antioxidant activity of yellow velvetleaf 
(Limnocharis flava) extract. Intl J Secondary Metabolite 10 (4): 583-

589. DOI: 10.21448/IJSM.1328150. 

Susila A, Syukur M, Purnamawati H, Dharma K, Gunawan E, Evi. 2012. 
Koleksi dan identifikasi tanaman sayuran indigenous. Pusat Kajian 

Hortikultura Tropika Institut Pertanian Bogor, Bogor. 

Tobassum M, Akon R, Howlader J, Malek MA. 2023. Effect of electrical 
conductivity on growth, yield and quality of broccoli grown in 

hydroponic system. Intl J Innov Res 7 (3): 43-49. 

Voutsinos-Frantzis N, Ntatsi G, Karavidas I, Neofytou I, Deriziotis K, 
Ropokis A, Consentino BB, Sabatino L, Savvas D. 2022. Exploring 

the simultaneous effect of total ion concentration and K:Ca:Mg ratio 

of the nutrient solution on the growth and nutritional value of 
hydroponically grown Cichorium spinosum L. Agronomy 12 (9): 

2214. DOI: 10.3390/agronomy12092214. 

Xiong D, Chen J, Yu T, Gao W, Ling X, Li Y, Peng S, Huang J. 2015. 
SPAD-based leaf nitrogen estimation is impacted by environmental 

factors and crop leaf characteristics. Sci Rep 5 (1): 13389. DOI: 

10.1038/srep13389. 

Yang T, Samarakoon U, Altland J, Ling P. 2021. Photosynthesis, biomass 
production, nutritional quality, and flavor-related phytochemical 

properties of hydroponic-grown arugula (Eruca sativa Mill.) 

‘standard’ under different electrical conductivities of nutrient 
solution. Agronomy 11 (7): 1340. DOI: 10.3390/agronomy11071340. 

Yang T, Samarakoon U, Altland J, Ling P. 2024. Influence of electrical 

conductivity on plant growth, nutritional quality, and phytochemical 
properties of kale (Brassica napus) and collard (Brassica oleracea) 

grown using hydroponics. Agronomy 14 (11): 2704. DOI: 

10.3390/agronomy14112704. 
Yap MY, Lim MW, Brendan LKW. 2022. Influence of calcium 

macronutrient on tip burn occurrence in hydroponically cultivated 

lettuces. IOP Conf Ser: Mater Sci Eng 1257 (1): 012003. DOI: 
10.1088/1757-899x/1257/1/012003. 

Zhang J, Song K, Jin F, Jia F, Liang J, Wang F, Zhang J. 2024. A novel 

strategy of artificially regulating plant rhizosphere microbial 
community to promote plant tolerance to cold stress. Sci Total 

Environ 949: 175184. DOI: 10.1016/j.scitotenv.2024.175184. 

Zhu Y, Fu Q, Zhu C, Li Y, Yuan F, Sun X, Fu J. 2024. Review on 
physiological and molecular mechanisms for enhancing salt tolerance 

in turfgrass. Grass Res 4 (1): e024. DOI: 10.48130/grares-0024-0020. 

  

 

 

 


