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Introduction 

Taro (Colocasia esculenta (L.) Schott) is a vital staple food and 

cash crop cultivated widely in tropical and subtropical regions 

(1). With an estimated annual production of over 10 million tons 

globally, taro plays a crucial role in ensuring food security and 

providing nutrition, particularly in resource limited regions (2, 3). 

Among its varieties, eddoe taro (C. esculenta var. antiquorum) is 

highly valued for its starchy corms and cormels, which are rich in 

carbohydrates, essential minerals and dietary fiber (4). In 

Vietnam, taro is the fourth most significant tuber crop after 

potatoes, sweet potatoes and cassava, covering an annual 

cultivation area of approximately 15000 hectares. Eddoe taro is 

particularly notable for its adaptability to poor soils and dry 

climates, making it a preferred crop in countries such as Vietnam, 

China and Japan (5). Besides its nutritional value, various parts of 

the taro plant are used in traditional medicine and it is cultivated 

as a cash crop due to its economic importance (6, 7). Traditional taro 

cultivation typically requires open field conditions with high light 

intensity for maximum yield (8). However, taro is also shade tolerant, 

allowing reasonable yields to be achieved in shaded or semi-

controlled environments, such as nethouses (9). With the rapid 

development of urban farming, growing taro in pots is increasingly 

recognized as a practical solution for households with limited space 

(10 - 12). Potting substrates composition directly influences plant 

growth by modifying soil physical and chemical properties, including 

porosity, water retention and nutrient supply (13, 14). Despite the 

critical role of potting media in crop productivity, limited research 

has explored its impact on the growth, yield and quality of taro 

cultivated under nethouse conditions. 

 Research on eddoe taro has mainly focused on traditional 

field cultivation, leaving a gap in knowledge regarding its response to 

different potting substrates in controlled environments. Identifying 

optimal potting substrates could provide a pathway for improving 

taro cultivation in urban and small-scale agricultural systems, 

contributing to sustainable farming practices. Previous studies 

have shown that adding organic materials such as coconut coir 

and biochar to substrates can enhance plant growth by increasing 

soil porosity, cation exchange capacity and water holding capacity 

(15, 16). This study aims to evaluate the effects of different potting 

media on the vegetative growth, yield and quality of eddoe taro 

grown under nethouse conditions. By identifying the most suitable 

substrate composition, the research seeks to offer practical 
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Abstract  

Eddoe taro (Colocasia esculenta (L.) Schott var. antiquorum) is a valuable tuber crop widely cultivated for its starchy corms and cormels, 
which serve as a rich source of carbohydrates and essential nutrients. However, the optimization of potting media for eddoe taro 

cultivation in controlled environments has not been fully explored. This study evaluated the effects of five potting substrates on the 

growth, tuber yield and quality of eddoe taro under nethouse conditions. A completely randomized design was employed with five 

treatments: Loamy soil (Tre 1), loamy soil + coconut coir (1:1) (Tre 2), loamy soil + TMX mixed soil (1:1) (Tre 3), loamy soil + coconut coir + 
TMX mixed soil (1:1:1) (Tre 4) and loamy soil + mixed coconut coir (rice husk: rice husk ash: coconut coir, 1:1:5) + TMX mixed soil (1:1:1) (Tre 

5). Each treatment consisted of 15 replicates (one plant per pot). Growth parameters such as plant height, leaf number and leaf size were 

significantly improved in treatments containing TMX mixed soil (Tre 3, 4 and 5) compared to treatments without TMX (Tre 1 and 2). Tre 4 

yielded the highest total cormels (37 per plant), marketable tubers (20.5 per plant), corm yield (0.95 kg/m²), cormel yield (8.81 kg/m²) and 
marketable yield (8.29 kg/m²). Additionally, this treatment produced tubers with superior quality characteristics, including 15.4 % dry 

matter content and 27.9 mg/g fresh weight of total sugar. These findings demonstrate that loamy soil combined with coconut coir and 

TMX mixed soil (1:1:1) serves as an optimal substrate for eddoe taro cultivation in pots under controlled environments, offering practical 

solutions for urban and small-scale farming systems. 
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recommendations for optimizing taro cultivation in urban and 

semi-controlled environments, thereby addressing a critical need in 

sustainable agriculture. 

Materials and Methods 

Experimental site and location 

The experiment was conducted in 2023 at a nethouse located at 
the College of Agriculture, Can Tho University, Vietnam. 

Environmental parameters, including air temperature, humidity 

and light intensity, were monitored weekly using a thermo-

hygrometer and lux meter (Lux-meter 4NA315, Tokyo Photo-

Electric Co., Ltd). The average air temperature ranged from 29.8 °C 

to 33.0 °C, relative humidity varied between 62.2 % and 74.7 % and 

light intensity ranged from 14.9 to 27.9 kilolux conditions deemed 

suitable for eddoe taro growth in controlled environments. 

Plant materials 

Eddoe taro (Colocasia esculenta (L.) Schott var. antiquorum) 

plantlets were propagated through tissue culture from side 

suckers of mature corms. Healthy plantlets with uniform height 

and at least two fully developed leaves were selected for the 

experiment. Before transplanting, the plantlets were acclimatized 

in a controlled environment for 45 days to ensure proper root 

establishment (Fig. 1). The taro corms were characterized by their 

small, oval to round shape, dark brown rough skin and white flesh. 

These plantlets were then transplanted into black plastic pots (32 

cm top diameter × 25 cm bottom diameter × 27.5 cm height) filled 

with the respective potting media treatments. 

Experimental design 

The experiment was conducted using a completely randomized 
design to evaluate the effects of different potting media on the 

growth, yield and quality of eddoe taro (Colocasia esculenta var. 

antiquorum). Five treatments, representing different potting 

substrate compositions, were included: Loamy soil (control) (Tre 

1), Loamy soil + coconut coir (1:1) (Tre 2), Loamy soil + TMX mixed 

soil (1:1) (Tre 3), Loamy soil + coconut coir + TMX mixed soil (1:1:1) 

(Tre 4) and Loamy soil + mixed coconut coir (rice husk: rice husk 

ash: coconut coir in a 1:1:5 ratio) + TMX mixed soil (1:1:1) (Tre 5). 

Each treatment had 15 replicates, with one plant per pot, 

resulting in 75 experimental units in total. Black plastic pots 

measuring 32 cm in top diameter, 25 cm in bottom diameter and 

27.5 cm in height were used for the study. Each pot was filled 

with the assigned potting medium. 

Substrate preparation 

The potting substrates were prepared using loamy soil, coconut 
coir, TMX mixed soil and additional organic materials (OM), 

including rice husk and rice husk ash, mixed in specified ratios. 

Five treatments were established (Table 1).  

Cultivation and fertilization practices 

Healthy eddoe taro plantlets, propagated through tissue culture 

and acclimatized for 45 days, were transplanted into the pots. 

Each plantlet was inspected to ensure uniformity in size and 

health before planting. Fertilization was applied uniformly across 

all treatments using urea (46 % N), DAP (18-46-0), NPK (20-20-15) 

and KCl. Fertilizers were applied seven times during the growing 

season: (1) at planting (0.1 g DAP per pot), (2) at 15 days after 

planting (DAP) with 0.3 g Urea, 0.2 g DAP and 0.2 g NPK, (3) at 25 

DAP with 0.3 g Urea, 0.3 g NPK and 0.1 g KCl, (4) at 35 DAP with 

0.15 g Urea, 0.4 g NPK and 0.12 g KCl, (5) at 50 DAP with 0.5 g NPK 

and 0.3 g KCl, (6) at 70 DAP with 0.5 g NPK and 0.4 g KCl and (7) at 

90 DAP with 0.5 g NPK and 0.4 g KCl. Plants were watered daily to 

maintain adequate soil moisture levels and systemic pesticides 

or fungicides were applied three times during the experiment to 

control pests and diseases. 

Data collection  

Vegetative growth parameters were measured at 30, 60, 90 and 

120 days after planting (DAP) to assess the effects of potting 

media on plant performance. These parameters included plant 

height, number of mature leaves, leaf length, leaf breadth and 

relative  chlorophyll content of the leaves. Plant height was 

measured from the soil surface to the tip of the tallest leaf, while 

the number of mature leaves per plant was counted. Leaf length 

was measured from the base of the leaf to the apex and leaf 

breadth was recorded at the widest point. Relative chlorophyll 

content was assessed using a SPAD-502 chlorophyll meter to 

provide insights into photosynthetic efficiency during vegetative 

growth (Fig. 2). 

 Yield parameters were recorded at harvest (140 DAP), 

when plants showed signs of senescence, including yellowing 

leaves and a decline in plant height. Harvested tubers were 

analyzed for corm weight (g) and corm breadth (measured 

horizontally at the middle of the corm). The total number and 

weight of cormels per plant were recorded. Marketable yield was 

determined by identifying cormels with a diameter greater than 

2 cm and recording their total weight. These measurements 

provided a comprehensive evaluation of the yield potential of 

the taro plants under different potting media treatments. 

 Tuber quality traits, including dry matter, total sugar and 

starch content, were assessed after harvest to evaluate the 

nutritional and market value of the tubers. Corm samples were Fig. 1. (A) The eddoe plantlets. (B) The edible tubers (corms). 

Table 1. Experimental treatments 

Treatment Substrate properties 

Tre 1 pH (4.71), NTotal 0.185 %, PTotal 0.2 %, KTotal 1.09 %, Ca 0.135 %, OM 2.89 %. 

Tre 2 pH (4.32), NTotal 0.093 %, PTotal 0.101 %, KTotal 1.26 %, Ca 0.121 % OM 6.03 % 

Tre 3 pH (6.36), NTotal 0.294 %, PTotal 0.209 KTotal 1.23 %, Ca 0.491 %, OM 10.1 % 

Tre 4 pH (5.85), NTotal 0.197 %, PTotal 0.119 %, KTotal 1.29 %, Ca 0.264 %, OM 7.68 % 

Tre 5 pH (5.85), NTotal 0.146 %, PTotal 0.171 %, KTotal 1.09 %, Ca 0.275 %, OM 6.51 %. 
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washed, finely cut and dried in a hot air oven at 105 °C until a 

constant weight was achieved, enabling the calculation of dry 

matter content. Total sugar and starch contents were 

determined using the established colorimetric methods (17, 18). 

These methods ensured accurate and reliable measurements, 

reflecting the effects of potting media on the nutritional 

composition and quality of taro tubers 

Data processing and analyses 

The collected data were analyzed statistically to assess the 

effects of the potting media on the growth, yield and quality of 

eddoe taro. Statistical tests, including analysis of variance 

(ANOVA), were conducted using SPSS software to identify 

significant differences among treatments. Duncan’s multiple 

range test was used to compare treatment means when 

significant effects were observed (p < 0.05). Regression analysis 

was performed where necessary to explore relationships 

between growth parameters and media properties. 

 Measured variables, including mortality rates (counted and 

calculated the percentage of plants that were dead during the 

experiment if any) and yield, were expressed as mean values with 

standard deviations. Percentage data, such as mortality or 

composition values, were arcsine-transformed prior to analysis to 

ensure normality of variance. Results were presented in tables and 

figures to highlight significant trends and treatment effects on 

plant growth and performance. 

 

 

Results 

Effect of potting substrates on vegetative growth and 

relative chlorophyll content  

Plant height and number of leaves increased significantly with 
Tre 3, 4 and 5 compared to the treament of Loamy soil (control), 

Loamy soil combined with coconut coir (1:1) (Table 2). At 30 DAP, 

no significant differences were observed due to the early growth 

stage and limited nutrient uptake. By 60 DAP, plants in 

treatments 3 and 4 (68.7 cm and 68.6 cm, respectively) were 

significantly taller than those in treatment 1 (58.2 cm). This trend 

continued through 90 and 120 DAP, where treatments with TMX 

mixed soil consistently outperformed others, achieving plant 

heights exceeding 70 cm. The number of leaves followed a 

similar trend. No significant differences were observed at 30, 60, 

or 90 DAP. At 120 DAP, leaf quantity of treatment 3, 4 and 5 were 

significantly taller than those of treatment 1 and 2. 

 The results from Table 3 indicate that significant 

differences in leaf size were observed among treatments, 

particularly at 90 and 120 DAP. Treatments with TMX mixed soil     

(3-5) consistently produced longer (> 26 cm) leaves than those of 

the control and treatment 2. Similarly, treatments with TMX mixed 

soil (3-5) consistently produced broader (> 24 cm) leaves than the 

control and treatment 2. Meanwhile treatment 2 did not show 

significant differences in leaf width when compared to the control.  

 The SPAD value, an indicator of chlorophyll content, 

varied significantly across treatments, particularly at 60 and 90 

DAP (Table 4). Treatment 1 maintained the highest SPAD values 

at 60 DAP. Treatment 1 and 2 did not show any significant 

Fig. 2. Description on the ways to measure the growth parameters (A: plant height; B: leaf length; C: leaf breadth; D: recorded Spad value)  

Treatments 
Plant height (cm) Number of leaves (leaf) 

30 
DAP 

60 
DAP 

90 
DAP 

120 
DAP 

30 
DAP 

60 
DAP 

90 
DAP 

120 
DAP 

Tre 1 25.8 58.2c 53.0c 55.7b 4.3 5.1 5.4 2.5b 

Tre 2 26.1 66.5ab 63.2b 65.5b 4.7 5.8 5.3 2.1b 

Tre 3 26.6 68.7a 70.2a 71.3a 4.4 5.7 5.5 3.3a 

Tre 4 24.9 68.6a 71.2a 73.8a 4.6 5.7 5.4 3.2a 

Tre 5 22.1 60.9bc 71.4a 72.1a 4.1 5.5 5.3 2.9a 

Sig. ns ** ** ** ns ns ns ** 

CV ( %) 19.7 14.9 13.8 14.1 22.1 9.5 11.8 12.4 

Table 2. The effect of potting substrates on plant height and 
number of leaves of eddoe taro plant at various stages   

Values are means of 15 replications. Different lowercase letters in 
the same column indicate significant differences at P < 0.01 (**); and 

ns is no significant difference. DAP is day after planting.  

Treatments 
Leaf length (cm) Leaf width (cm) 

30 
DAP 

60 
DAP 

90 
DAP 

120 
DAP 

30 
DAP 

60  
DAP 

90 
DAP 

120 
DAP 

Tre 1 13.3 20.7b 21.9c 22.1b 11.6 21.1b 20.0b 20.7b 

Tre 2 12.2 24.2a 23.6bc 22.9b 11.4 23.6a 21.8ab 21.1ab 

Tre 3 12.1 24.4a 25.5ab 26.3a 11.0 24.1a 22.8a 24.5a 

Tre 4 11.9 25.4a 26.0a 26.8a 11.1 24.9a 23.2a 24.8a 

Tre 5 10.7 24.1a 24.9ab 26.7a 9.8 23.5a 22.5a 24.3a 

Sig. ns ** ** ** ns ** ** ** 

CV ( %) 24.2 10.7 11.8 11.8 22.1 9.5 11.8 12.4 

Table 3. The effect of potting substrate on the leaf size of eddoe taro 
plants at various stages   

Values are means of 15 replications. Different lowercase letters in 
the same column indicate significant differences at P < 0.01 (**); and 

ns is no significant difference. DAP is day after planting.  
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differences when compared to treatments 3 and 4 at 90 days 

after (58.0, 55.7 and 54.4, 53.1, respectively) suggest efficient 

nitrogen utilization during vegetative growth, as nitrogen is 

essential for chlorophyll synthesis and photosynthetic activity. At 

120 DAP, SPAD values dropped across all treatments, consistent 

with senescence and resource allocation to storage organs. 

Effect of potting substrates on the number and weight 

of corms/plant  

Fig. 3 shows that Tre 4 recorded the highest corm weight (0.55kg/

plant), number of corms per plant (20.5), representing a 69.9 % 

increase in corm weight and a 39.6 % increase in number of 

corms per plant compared to the control (Tre 1). Tre 3 and 5 also 

performed well, producing corm weights/plant of 0.48 kg and 

0.44 kg, respectively. Tre 1 showed the lowest corm weight       

(0.33 kg) per plant significantly in comparison to the other 

treatments. 

Effect of potting substrates on the quality of corm 

Dry matter content, an indicator of the concentration of solids in 

corm, was highest in Tre 4 (15.4 %), followed by Tre 3 and 5, with 

14.6 % and 13.9 %, respectively. In contrast, Tre 1 and 2 

produced significantly lower dry matter contents of 9.9 % and 

11.3 %, respectively (Fig. 4).  

 Tre 4 also recorded the highest total sugar content      

(27.9 mg/g fresh weight), which was significantly higher than all 

other treatments. Tre 3 and 5 followed with sugar contents of 

21.4 mg/g and 21.7 mg/g, respectively. In contrast, Tre 1 and 2 

also had lower sugar contents than the others, below 20 mg/g 

(Fig. 4). 

 Starch content, the primary storage carbohydrate in taro, 

was also significantly higher in treatments containing TMX mixed 

soil (Tre 3-5). Tre 3, 4 and 5 achieved starch contents of 180.9 mg/g, 

180.7 mg/g and 161.7 mg/g fresh weight, respectively, compared 

to 129.8 mg/g in the control (Tre  1) and 118.6 mg/g in Tre 2. 

 

Discussion 

The increased plant height in the Tre 3, 4 and 5 reflects better 

nitrogen availability, critical for cell elongation and chlorophyll 

synthesis (14). Furthermore, TMX-enriched media provided 

superior physical properties, such as improved aeration and 

water retention, supporting robust vegetative growth (19, 20). 

Overall, the development of the leaves shows an increasing trend 

in accordance with the growth process of taro plants. Although 

there were no significant differences in the data observed at 30, 

Table 4. Effect of several kinds of potting substrates on the SPAD 

value 

Treatments 
Days after planting 

30 60 90 120 
Tre 1 47.8 57.6a 58.0a 44.9 
Tre 2 44.4 51.3b 55.7a 47.2 
Tre 3 43.6 48.9b 54.4a 48.8 
Tre 4 43.6 52.3b 53.1ab 40.1 
Tre 5 44.8 50.6b 48.7b 42.8 
Sig. ns ** * ns 
CV ( %) 10.6 11.5 13.3 19.3 

Values are means of 15 replications. Different lowercase letters in 
the same column indicate significant differences at P < 0.01 (**), 

P<0.05 (*); and ns is no significant difference.  

 

Fig. 3. Number of corms and weight of corm/plant at different potting substrates. 

 

Fig. 4. Dry weight of corm, total sugar and total starch in corm on various potting substrates. 
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60, or 90 DAP, Tre 3, 4 and 5 were significantly taller than those in 

treatment 1 and 2 at 120 DAP, while Tre 1 and 2 recorded the 

lowest (Table 2). During the experiment time, there was no 

mortality rate for the plants; however, leaf senescence was more 

pronounced in Tre 1 and 2 due to nutrient limitations. These 

findings align with early works who reported that nutrient-rich 

substrates promote sustained vegetative growth and delayed 

senescence (21). 

 The superior performance of TMX-enriched media is 

attributed to enhanced soil aeration, water retention and 

nutrient availability. TMX mixed soil improved root oxygenation 

and supported microbial activity, facilitating the mineralization 

of nutrients such as nitrogen and phosphorus, which are crucial 

for leaf elongation and expansion (14, 22). Coconut coir, present 

in Tre 4 and 5, likely contributed to higher water-holding capacity 

and reduced bulk density, optimizing moisture availability for 

sustained leaf growth. Larger leaves improve photosynthetic 

capacity, supporting carbohydrate production for tuber 

development. In contrast, Tre 1 and 2 had acidic pH (4.32-4.71) 

(Table 1), which likely reduced phosphorus and magnesium 

availability, limiting leaf size (Table 3). Poor root aeration in these 

treatments may have further restricted nutrient uptake. These 

results highlight the importance of substrates that balance 

nutrient supply, pH and physical properties to maximize leaf 

growth and overall plant performance (23). 

 By 90 DAP, SPAD values declined in Tre 4 and 5 (Table 4), 

reflecting nutrient redistribution from chlorophyll synthesis to 

tuber formation. Higher SPAD values during key growth stages in 

Tre 3, 4 and 5 correlated with superior weight of corm (Fig. 3 and 

4). Tre 4 achieved the highest corm weight (63.3 g) outperforming 

Tre 1 and 2. TMX mixed soil likely improved soil aeration, water 

retention and nutrient availability, enhancing root and tuber 

development (19, 24). Organic amendments in TMX mixed soil 

also enhanced photosynthetic efficiency by supporting relative 

chlorophyll content, which supplied carbohydrates for tuber 

growth (25, 26). These results highlight the importance of nutrient-

rich, well-aerated substrates for improving taro productivity and 

suggest that SPAD values could serve as a reliable indicator for 

crop performance in similar systems. 

 The results clearly show that corm weight, number of corm 

per plant, sugar content and starch content were significantly 

influenced by the composition of the potting substrate (Fig. 3 and 

4). Treatments enriched with TMX mixed soil (3, 4 and 5) 

consistently outperformed the control (Loamy soil) and Tre 2 

(loamy soil + coconut coir). The superior weight of corm in Tre 3, 4 

and 5 can be attributed to the enhanced properties of TMX mixed 

soil. The higher pH (5.85-6.36) (Table 1) improved nutrient 

solubility, particularly for phosphorus and calcium, which are 

critical for corm development (27). The increased organic matter 

(6.51 % - 10.1 %) likely supported microbial activity, facilitating 

nutrient cycling and root health (28-30). Organic components, 

such as coconut coir in Tre 4 and 5 (Table 1), further enhanced 

water-holding capacity and reduced soil compaction, improving 

aeration and root-zone conditions. These findings align with studies 

showing that organic amendments improve root development by 

increasing pore space and oxygen availability (16, 31). Furthermore, 

TMX mixed soil’s high nutrient exchange capacity provided 

sustained nutrient release, which is particularly beneficial for 

tuberous crops like taro with prolonged growth periods (21). 

 The highest corm weight in Tre 4 (Fig. 4), corm weight is 

critical factors influencing taro marketability. This aligns with 

findings from previous works who demonstrated that organic 

substrates significantly enhance yield and quality in tuberous 

crops (32). The higher weight of corm achieved in Tre 3, 4 and 5 

present a practical and economically viable solution for farmers, 

especially in controlled environments such as potting substrates. 

However, future studies are needed to assess TMX mixed soil’s 

cost-effectiveness and long-term impact on soil health in diverse 

growing conditions. Higher dry matter content is associated with 

improved storage and processing qualities, making the tubers 

more desirable for commercial purposes (21).   

 The superior performance of treatments enriched with TMX 
mixed soil can be attributed to improved nutrient availability, 

particularly nitrogen and potassium, which are crucial for 

carbohydrate metabolism and dry matter accumulation (27). 

Additionally, the higher organic matter content in these treatments 

likely enhanced microbial activity, facilitating nutrient mineralization 

and uptake, thus promoting greater synthesis of structural and 

storage carbohydrates (29). 

 The high sugar content in treatments with TMX mixed soil 

may reflect improved soil aeration and water-holding capacity, 

which supported sustained photosynthetic efficiency during 

tuber development. Enhanced sugar accumulation has been 

previously linked to organic substrates that promote root health 

and steady nutrient supply (21). Moreover, the optimal pH (5.85-

6.36) in TMX-enriched media likely facilitated the uptake of 

essential nutrients such as magnesium and phosphorus, which 

play critical roles in sugar metabolism and transport (14). 

Nutrient-rich substrates enhance starch biosynthesis in taro by 

supporting vigorous vegetative growth and efficient nutrient 

translocation to the storage organs. Additionally, potassium, 

which was likely more available in TMX mixed soil, plays a pivotal 

role in enzyme activation and starch synthesis (28). 

 

Conclusion 

This study highlights the significant impact of potting media 

composition on the growth, yield and quality of taro. Treatments 

enriched with TMX mixed soil (3, 4 and 5) demonstrated superior 

performance across all parameters compared to the control (100 % 

loamy soil) and the loamy soil + coconut coir treatment.  

 The enhanced chemical properties of TMX mixed soil, 
including higher pH, organic matter and nutrient content, 

supported improved plant growth by promoting nutrient 

availability, root development and vegetative vigor.  

 In this experiment, treatment 4 (loamy soil + coconut coir 
+ TMX mixed soil) producing the best results in some yield 

parameters, including corm weight, cormel number and 

marketable roots as well as the tuber quality contents with 

higher values of dry matter, sugar and starch content. 

 This suggests that substrates combining organic and 

inorganic components optimize soil aeration, water retention 

and nutrient cycling, thereby supporting tuber formation. The 

findings underscore the potential of TMX mixed soil as a 

sustainable and effective substrate for improving taro 

productivity and quality, particularly in controlled environments. 

Future studies should assess its long-term effects on soil health, 
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scalability in field conditions and cost-effectiveness for large-

scale production systems. 
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