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Abstract: 
Background: Taro (Colocasia esculenta) is a vital crop in tropical regions, but its growth is threatened by 

salinity, which limits productivity through osmotic stress and ion toxicity. This study evaluates the impact of salt 

stress on the 'Maruja' taro variety to assess its potential tolerance to saline conditions. 

Materials and Methods: A greenhouse experiment was conducted at the University of the Pacific, Colombia. 

Taro plantlets were grown in a soil-sand mix under controlled conditions and subjected to four salinity 

treatments (0, 30, 45, and 75 mM NaCl). Each treatment included ten replicates, for a total of 40 plants. 

Morphological and physiological parameters were assessed, including total biomass, shoot and root dry weight, 

corm mass, leaf area, relative water content (RWC), chlorophyll content, electrolyte leakage, and root-to-shoot 

ratio. Data were analyzed using ANOVA followed by Tukey’s test (p < 0.05).  

Results: Higher salinity levels significantly reduced total biomass (by 33%, 48%, and 74% at 30, 45, and 75 

mM, respectively), shoot dry weight, and corm mass. Root dry weight remained unchanged, but the root-to-

shoot ratio increased with salinity. Leaf area declined at 45 and 75 mM NaCl, while LAR increased. 

Chlorophyll content decreased, electrolyte leakage increased, and RWC was significantly lower under salinity 

stress, indicating physiological damage. 

Conclusion:While 'Maruja' taro exhibited some tolerance at moderate salinity (30 and 45 mM NaCl), severe 

reductions in biomass, chlorophyll content, and water retention at 75 mM NaCl suggest that its adaptive 

capacity is limited. These results highlight the need for breeding salt-tolerant taro varieties and implementing 

agronomic strategies to mitigate salinity stress, such as soil amendments and optimized irrigation practices. 
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I. Introduction 
 Taro (Colocasia esculenta (L.) Schott) is a member of the Araceae family, sub-family Aroideae, is the 

most commonly cultivated species in genus Colocasia. Although is grown primarily for its starchy corm and 

cormels, other parts of the plant such as leaves, petioles and flowers can also be consumed
1
. Taro is a staple 

food source in many tropical and subtropical regions, particularly in the Pacific Islands and Southeast Asia. The 

majority of taro produced worldwide is sourced from developing countries, which are distinguished by 

smallholder agricultural systems that rely on minimal external resource inputs
2
. In Colombia, taro is grown 

mainly in the humid areas of the Pacific region where it contributes significantly to food security and is a source 

of income for the rural population
3
. Some research indicates that, due to the high amounts of starch present in 

the corm, greater than 80%, taro could become an alternative source of starch for the food industry
4
. 

One of the biggest environmental factors affecting plant productivity is salinity. A soil is deemed saline 

when the electric conductivity (EC) reaches 4 dS m
-1

 (equivalent to 40 mM NaCl), most of the crops grown 

under those circumstances suffer a drastic diminution in their yields
5
. Salt-mediated negative effects on plant 

growth are commonly explained by two factors: (i) the osmotic or water-deficit effect, and (ii) the salt-specific 

or ion-excess effect. The former affects plant water relations by creating a more negative osmotic potential in 

the soil compared to plant cells, leading to reduced water availability
6
. This can cause plants to experience 

physiological drought, even when water appears to be present in the soil, disrupting cellular processes and 

potentially stunting growth
7
. The salt-specific or ion-excess effect is due the excessive intake of Na

+
 and Cl

-
 

which seriously damages cells and slows down growth
8
. High salt concentrations can also disrupt nutrient 

uptake, leading to nutrient imbalances
9
. Plants have developed various mechanisms to cope with salt stress, such 

as salt exclusion (preventing the entry of salts into the vascular system), salt elimination (glands and hairs that 

actively eliminate salts), salt succulence (the storage volume of the cells increases progressively with the uptake 

of salt), redistribution, osmotic regulation (accumulation of salt in the cell sap in order to keep osmotic 

potentials lower than in the soil solution), CO2 assimilation (accumulation of soluble carbohydrates for 

maintaining a low osmotic cell sap potential), chlorophyll content and fluorescence , and antioxidant defenses 
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(activity of antioxidative enzymes which scavenge reactive oxygen species)
10

. These responses are mediated by 

changes in morphology, anatomy, water relations, photosynthesis, hormones, toxic ion distribution, and 

biochemical adaptation. 

In Colombia, 45% of the continental and insular surface presents some degree of susceptibility or 

propensity to soil degradation due to salinization
11

. Salinity has caused soil deterioration in many parts of 

Colombia, harming the yields of crops that are crucial to the country's economy
12

. The Institute of Hydrology, 

Meteorology and Environmental Studies (IDEAM by its Spanish acronym) predicts that climate change will 

increase the incidence of salt stress in many parts of Colombia, which will have an impact on crop 

productivity
13

. In spite of its economic importance, taro is a crop that is often ignored and little is known about 

its physiology or how it responds to environmental stressors, particularly salt stress
14

. Local cultivars of taro in 

the Pacific region of Colombia have evolved over centuries through domestication and selection by subsistence 

farmers. Such selection, sometimes in environments with marine influence, may have resulted in cultivars 

capable of tolerating saline stress, previous studies show that taro cultivars can vary in their tolerance to salt 

concentration
15,16

. 

The aim of this research was to evaluate the impact of salinity on the growth of ʻMarujaʼ taro plants by 

watering with three different concentrations of NaCl (30, 45, and 75 mM) for 12 weeks. 

 

II. Material And Methods 
Plant material, greenhouse conditions, and treatments 

A greenhouse experiment was conducted at the Experimental Plot, University of the Pacific, 

Buenaventura D.E., Valle del Cauca, Colombia. ʻMarujaʼtaro plantlets, approximately the upper 1 cm of the 

corm plus 20 cm of the petiole, were sown in 10 L pots containing soli:sand mix (2:1, volume) and kept in a 

plastic greenhouse under natural illumination, the environmental conditions during the experiment were 38/23.8 

˚Cmaximum/minimum average temperatures and the relative humidity ranged between 56 and 97%. The 

plantlets were watered every two days and allowed to grow for 60 days. The plantlets were then separated into 

four groups: 0 (control), 30, 45, and 75 mM of NaCl. Control plants were watered every two days with 300 ml 

of distilled water whereas salinity-stressed plants were irrigated with 300 ml of 30, 45, and 75 mM of NaCl 

solution respectively. Ten replicates were used for each treatment for a total of 40 plants. Four weeks post saline 

solutions application, plants were harvested.  

The harvested samples were washed in distilled water to remove salts and soil remains from the surface 

tissues. The plants were separated into the leaves, petioles, roots, and corm, and oven-dried at 70 ˚C. Dried plant 

samples were weighed for the estimation of plant growth. Electrolyte leakage was determined by measuring the 

conductivity of the aqueous bathing solution containing plant tissues before and after boiling it
17

. To perform the 

measurements of the leaf area, all leaf blades were digitalized with a table scanner and the public domain 

ImageJ® software was employed. Fresh samples of leaves were used for the determination of relative water 

content (RWC)
18

. Plant height was measured from the base of the plant up to the base of the 2nd youngest fully 

unfolded leaf. Leaf number was counted only for fully unfolded leaves with at least 50% green leaf area. The 

average chlorophyll content (SPAD reading) was measured on the adaxial surface of the second youngest fully 

formed, fully unfolded leaf using a SPAD 502 chlorophyll content meter (Minolta Camera Co., Osaka, Japan). 

The SPAD values were the average of the values at six points of measurement on each selected leaf. 

 

Experimental design and statistical analysis  

Pots were arranged in completely randomized design. An analysis of variance (ANOVA) was 

performed followed by Tukey´s range test (p ˂ 0.05) using R 4.4.1 statistical software. 

 

III. Result 
The salinity stress had an effect on the morphological and physiological variables evaluated (Table 1). 

Overall, plants were smaller (biomass) with increasing concentrations of NaCl (Table 1, Figure 1). Compared 

with the control treatment, plants in the salinity treatments (30, 45, and 75 mM NaCl) showed reductions in total 

plant biomass of 33%, 48%, and 74%, respectively (Figure 1), a similar pattern was found for the variable shoot 

dry weight, i.e., increasing concentrations of NaCl resulted in plants with less shoot biomass. For the variable 

root dry weight there were no significant differences among the salinity treatments, plants from those treatments 

had lighter roots compared with the control plants (Figure 1). Corm mass was significantly reduced across salt 

treatments, with a 18%, 36%, and 48% reduction in the mean corm mass in plants in the NaCl treatments (30, 

45, and 75 mM NaCl) compared to the control (Figure 1). For the number of leaves per plantlet, the highest 

number of leaves was observed in the control treatment, whereas the lowest number of leaves per plantlet was 

observed in the salt treatments (Figure 1). In this study, height did not show significant differences as the 

plantlets were grown with or without NaCl (Figure 2). There were no significant differences between the leaf 

area (LA) of the control and 30 mM NaCl treatment plants, the plants at 75 mM showed the smaller values of 
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LA followed by those at 45 mM NaCl (Figure 2). Plantlets of the salinity treatment had higher values of leaf 

area ratio (LAR) than those of the control (Figure 2). There were significant differences in root to shoot ratio 

among the salinity treatments, the highest values were showed by plants at 75 mM followed by those at 45 mM 

and 30 mM (Table 1, Figure 2). 

 

Table 1. Summary of the mean value and ANOVA results for morphological and physiological variables of taro 

plant grown in four NaCl concentrations. Comparisons that are significantly different are marked with *(p < 

0.05), **(p < 0.01), ***(p < 0.001). Means ± SD with the same letter are not significantly different at p < 0.05 

by Tukey HSD test. 

 
 

The salinity stress had an effect on chlorophyll content (Table 1, Figure 2). The highest chlorophyll 

content was observed in plants without salinity stress, whereas the lowest chlorophyll contents were observed 

when salinity stress were applied, however there was no significant differences among saline treatments (Figure 

2). Electrolyte leakage was affected by the salinity treatments (Table 1, Figure 2). The highest values of 

electrolyte leakage were observed on those plants grown under saline stress regardless of the concentration of 

NaCl. There were significant differences in the relative water content (RWC) among the treatment groups, 

plantlets grown under salinity stress had less relative water content   than plants of the control (Figure 2). 

 

Figure 1. Total dry weight, shoot dry weight, corm mass, root dry weight, plant height, and number of leaves of 

taroplants grown for five weeks with five different concentrations of sodium chloride. Each histogram is the 

mean of ten measurements. Values with the same letter are not significantly different by Tukey HSD 0.05 test. 

Vertical bars on each histogram are S.E. of the mean. 
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Figure 2. Leaf area, relative water content, LAR, root/shoot, chlorophyll content, electrolyte leakage and RWC 

of taro plants grown for five weeks with five different concentrations of sodium chloride. Each histogram is the 

mean of ten measurements. Values with the same letter are not significantly different by Tukey HSD 0.05 test. 

Vertical bars on each histogram are S.E. of the mean. 

 
 

IV. Discussion 
Salinity is one of the most significant abiotic stressors limiting plant productivity globally. This study 

aimed to evaluate the impact of salinity on taro by subjecting plants to varying concentrations of NaCl (0, 30, 
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45, and 75 mM) over 12 weeks. The results highlight substantial morphological and physiological responses, 

providing insights into the mechanisms of salinity tolerance and limitations in this species. The findings also 

contribute to the understanding of how local taro landraces from Colombia’s Pacific region may have evolved 

partial tolerance to saline conditions. 

 

Biomass and Growth Responses 

The decline in total plant biomass with increasing NaCl concentrations highlights the severe impact of 

salinity on taro, these results are consistent previous studies that reported significant reductions in growth and 

biomass of taro when plantlets were grown under NaCl treatments
15,19

. The reduction in biomass is a common 

response in plants exposed to high salinity, as osmotic stress and ion toxicity can disrupt cellular processes and 

nutrient uptake
20,21

. Additionally, the accumulation of Na
+
 ions within plant tissues can interfere with essential 

metabolic processes and enzyme activities, further exacerbating growth retardation
22

. The disproportionate 

reduction in shoot biomass compared to root biomass suggests that taro may prioritize root growth under saline 

conditions, possibly as a strategy to enhance water and nutrient uptake. Interestingly, while root dry weight did 

not differ significantly among the salinity treatments, plants under saline conditions had lighter roots compared 

to the control. This suggests that while root growth is somewhat resilient to salinity, it is still negatively 

affected, potentially due to the high energy cost of maintaining ion homeostasis and osmotic balance in the 

roots
23

. The substantial reductions in corm mass observed in this study is accord with those reported by Lloyd et 

al.19, and for other plants with underground storage organs, such as potato and cassava
24,25

. The significant 

reduction in corm mass is of particular concern as the corm is the primary economic product of taro
26

 and 

highlight the potential for significant yield losses in saline environments.  

 

Leaf Morphology and Photosynthetic Traits 

The number of leaves per plantlet decreased significantly under saline treatments compared to controls. 

This reduction can be attributed to impaired leaf initiation or expansion due to osmotic stress and ion toxicity
27

. 

The reduction in leaf area, particularly at higher salinity levels, is consistent with the overall growth inhibition 

and is typical response to salt stress described by different authors
9
. Smaller leaf area implies reduced 

photosynthetic capacity, which can further contribute to decreased biomass accumulation
21

. The reduction in LA 

at elevated salinity levels is a response considered an avoidance mechanism, which minimizes water losses 

when the stomata are closed, which happens to many species under osmotic stress
28

. The lack of significant 

difference in LA between the control and the 30 mM treatment suggests a threshold below which taro’s leaf 

development is not substantially affected. While no significant differences were observed in LAR among the 

salinity treatments, the higher LAR values in stressed plants (except for 30 mM NaCl) compared to the control 

suggest shifts in biomass allocation favoring leaves over other tissues. The LAR is an important metric as it 

reflects the amount of leaf area available for photosynthesis relative to the plant's biomass. This increase in LAR 

indicates an attempt by taro plants to maximize photosynthetic surface area under stress. However, the lack of 

significant differences among treatments suggests that this strategy may be less effective at higher salinity levels 

where other physiological constraints, such as reduced chlorophyll content and impaired water relations, 

dominate
29

. 

 

Physiological Responses 

The reduction in chlorophyll content observed in salinity treatments aligns with previous findings that 

salinity induces oxidative stress, damages chloroplast structures, and disrupts chlorophyll synthesis
30,31

. It is 

known that salt-sensitive species show decreased chlorophyll content under salinity conditions suggesting that 

this parameter can be considered a biochemical marker of salt tolerance in plants
9
. Chlorophyll degradation 

directly affects photosynthetic efficiency, leading to reduced carbohydrate production and limited energy 

availability for growth
32

. These physiological impairments are consistent with earlier reports of reduced carbon 

assimilation rates in taro under NaCl stress
19

. 

Electrolyte leakage, a marker of membrane damage, was significantly elevated in plants exposed to 

salinity. This indicates disrupted membrane integrity caused by osmotic stress and ion toxicity, which leads to 

ion imbalance and impaired nutrient transport
33

. Maintaining membrane integrity is crucial for the survival of 

plants under stress conditions, as it ensures proper cellular function and stability. Damaged cell membranes 

impair the transport of water and nutrients across cells, further exacerbating the negative effects of salinity 

stress. The loss of membrane integrity can disrupt the uptake and distribution of essential nutrients, leading to 

deficiencies that affect growth and development
34

. 

A decrease in RWC under salinity stress is a common and expected response in plants, it indicates that 

plants are experiencing osmotic stress, leading to a reduced ability to take up water from the soil
35

. This 

reduction in water uptake results in lower turgor pressure, which is essential for cell expansion and growth; 

without adequate turgor pressure, plants cannot maintain the rigidity of their cells, leading to wilting and stunted 
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growth
36

. This explains the observed reductions in biomass and leaf area in the salinity treatments. Lower RWC 

is often associated with increased electrolyte leakage, as observed in this study. 

 

Salinity Tolerance and Adaptive Mechanisms 

The results support the hypothesis that local landraces of taro from Colombia’s Pacific region may 

possess a degree of salinity tolerance, as evidenced by the partial performance of plants under moderate salinity 

(30 and 45 mM NaCl). These landraces likely evolved adaptive mechanisms, including increased root-to-shoot 

ratios, and adjustments in LAR, in response to the saline or brackish environments characteristic of the region. 

However, the severe reductions in growth and physiological performance at 75 mM NaCl suggest that their 

tolerance is limited and that high salinity significantly exceeds their adaptive capacity. 

 

Implications for Crop Management and Breeding 

The findings emphasize the need to develop salt-tolerant taro cultivars to mitigate yield losses in saline 

environments. Breeding programs should focus on leveraging the genetic diversity of local landraces, selecting 

for traits such as improved ion homeostasis, higher chlorophyll retention, and enhanced water use efficiency. 

Agronomic strategies, including soil amendments, controlled irrigation, and nutrient supplementation, can 

further support taro cultivation in salt-affected areas. 

 

V. Conclusion 

This study demonstrates that salinity stress significantly affects ʻMarujaʼtaro growth and physiology, 

with severe impacts at higher NaCl concentrations. The partial tolerance observed at moderate salinity suggests 

that local landraces from Colombia’s Pacific region have evolved adaptive traits to cope with saline conditions, 

though their capacity is limited under high salinity. These findings contribute to understanding taro’s response 

to salinity and highlight the importance of integrating breeding and agronomic approaches to enhance its 

resilience in saline environments. 
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