


Investigating the soil salt removal potentials of cocoyam (Colocasia esculenta), tropical spiderwort (Commelina benghalensis), and water mint (Mentha aquatica)
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ABSTRACT
Salt-rich wastewater has a variety of adverse effects on the ecological environment but very difficult to treat than other industrial wastewater. The aim of this work is to monitor the growth performance of cocoyam plant, tropical spiderwort and water mint under salty conditions, then evaluate their efficiencies in the removal of the salt from the soil. The experiments were conducted using 3 liters buckets for each plant, filled with soil and placed in a shady area free from rain. Each plant had three buckets, one for each salt concentration used (300 mg/L, 1000 mg/L and 5000 mg/L). The growth performance of the plants were monitored for 4 weeks by checking the plants every after one week for new shoots as well as whether they withered or not. At the end of the 4th week (30 days) the plants were separated from the soil and the electrical conductivity (EC), total dissolved solids (TDS) and salinity of the wet soil determined, and the percentage salt removal by each plant was calculated. The results showed that, for the last week, it was observed that though water mint and tropical spiderwort had initially produced new shoots between week two and three at all the tested concentrations, they were all drying out in the fourth week. However, for the cocoyam, there were no new shoots on the fourth week but the plant was growing perfectly at all the tested concentrations. All the plants significantly reduced salt concentration with values reaching 99 % for cocoyam at 5000 mg/L compared to 32 % for spider wort, 47 % for water mint and 34 % in 30 days.  These results show that cocoyam can be very effective in removing salt from the soil at all concentration ranges without affecting its growth performance. 
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1. INTRODUCTION
In many industrial processes such as the chemical coal industry, the processing of agricultural by-products, pharmacology, and papermaking, large amounts of high-salinity wastewater with complex components and large amounts of difficult-to-degrade pollutants are generated (Guo et al., 2023). If discharged directly, it will not only waste a large amount of potential salt resources, but it also cause environmental problems such as water mineralization, soil salinization, and water eutrophication (Gao et al., 2022). Salt-rich wastewater has a variety of adverse effects on the ecological environment. First, the inorganic salts in high-saline sewage leads to freshwater mineralization, in which the organic matter also leads to eutrophication, and the heavy metal elements accumulate within the food chain, which directly affects the safety of drinking water. Second, salt infiltration into the soil will alter soil structure and permeability, reducing soil water permeability and increasing the likelihood of flooding (Singh, 2015). In addition, the use of salt water for irrigation leads to irreversible soil salination, retards crop growth and development, significantly reduces agricultural productivity, and has a negative impact on social and economic development.
[bookmark: _Hlk126695913] Wastewater with a high salt content is more difficult to treat than other industrial wastewater (Maharaja et al., 2020). Due to the complex and varied composition of saline wastewater, it is often necessary to choose a suitable pre-treatment solution according to the actual situation. Excessive inorganic salts in the water can be toxic to microorganisms and seriously impair the treatment efficiency, making it difficult to treat high-salinity wastewater with conventional biological technology. Traditional physical and chemical treatment methods are also difficult to generalize due to excessive chemical consumption, equipment corrosion and fouling, and high operating costs. In addition, it is still very difficult to purify the waste salt after desalination. High-salinity wastewater is complicated, and the national and local discharge standards are increasingly strict, which makes it more and more difficult to treat high-salinity wastewater (Guo et al., 2023)
[bookmark: _Hlk126503185][bookmark: _Hlk126502975]Phytoremediation, however, is one of the environmentally friendly and low-cost methods of removing pollutants from water and soil (Ashraf et al., 2019; Dahaina et al., 2024). This treatment is a remediation method that uses various plants to reduce, extract, and hold excessive nutrients and pollutants from a contaminated medium (Poo et al., 2018). Phytoremediation methods can be categorized based on how the pollutants are removed from the environment, such as through degradation, extraction, containment or a combination of two or more techniques. Plant species considered to be ideal phytoremediation agents have a high biomass, a good root system, and are fast-growing and easy to grow (Dutta and Nath , 2018). The use of aquatic plants, also known as macrophytes, have been used for the filtration of contaminated water using natural processes involving wetland vegetation, soils, and their associated microbial assemblages. The aim of this work is to monitor the growth performance of three local aquatic plants; cocoyam plant, tropical spiderwort and water mint under salty conditions, then evaluate their efficiencies in the removal of the salt from the soil. Other studies have used other plants in the removal of salt from water and soil (Guo et al., 2023 Ali et al. 2013; Kafle e t al., 2022), but this is the first study to using cocoyam, tropical spiderwort and water mint for salt removal.

2. MATERIALS AND METHODS
2.1 Sampling and treatment of the plants
Cocoyam (Colocasia esculenta), Fig. 1a was harvested from a local farm while Tropical Spiderwort (Commelina benghalensis), Fig. 1b and Water Mint (Mentha aquatica), Fig. 1c) were harvested from a swampy area. The roots of each macrophyte were washed using running water from the tap to remove any soil that was in the roots. The synthetic salt solutions of 300 mg/L, 1000 mg/L and 5000 mg/L used in this study were prepared by dissolving appropriate amounts of sodium chloride in distilled water. These concentrations were chosen to represent low, moderate and high salinity conditions. 
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Fig. 1. The plants used a) cocoyam, b) tropical spider wort, c) water mint

2.2 Monitoring the desalination efficiency of the three plant
[bookmark: _Hlk145919381]The experiments were conducted using 3 liters buckets and placed in a shady area free from rain (Fig. 2). Each plant has three buckets, one for each concentration used. Each bucket was filled with soil of mass 248.25g, contaminated with salt solution of desired concentrations and kept for 24 hours prior to planting of the plant to permit distribution of the salt throughout the soil. The growth performance of the plants were monitored for 4 weeks.  The monitoring was done by checking the plants every after one week for new shoots as well as whether they withered or not. At the end of the 4th week (30 days) the plants were separated from the soil and the electrical conductivity (EC), total dissolved solids (TDS) and salinity of the wet soil determined using a PC60, PH/Cond/TDS/Sal/Tester. The percentage salt removal by each plant was calculated using following equation.

               E = Cin – Cout/ Cin×100………………………. (1)
Where, Cin = initial parameter of saline water for each 
Cout = final parameter of saline water (Bauer et al. 2021).	
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Fig. 2. Set-up to monitor the growth performance of each plant

3. RESULTS AND DISCUSSION
3.1 Monitoring shoot development and plant survival
After monitoring the plants for four weeks, the plants in the different concentrations were seen to have some changes. The plants were checked each week for shoot development as shown on Table 1, where it can be observed that some of the plants had new shoots in some of the concentrations while others in other concentrations showed not shooting. Those, which had new shoots, are represented with a 1 while those with no shoots are represented with a 0. While Tropical spiderwort and water mint had new shoots at all the tested concentrations, cocoyam did not have a shoot at lower concentration of 300 mg/L. 

     Table 1. Monitoring shoot development in each plant for the different concentrations tested
	Plant type
	Salt concentration
	Weekly Observation (Shoot or no shoot (1or 0))
1 = new shoot; 0 = no shoot

	
	
	Week 1
	Week 2
	Week 3
	Week 4

	Cocoyam
	300
	0
	0
	0
	0

	
	1000
	1
	0
	1
	0

	
	5000
	1
	1
	0
	0

	Tropical spiderwort
	300
	1
	1
	0
	0

	
	1000
	1
	1
	0
	0

	
	5000
	0
	1
	0
	0

	Water mint
	300
	0
	1
	0
	1

	
	1000
	0
	1
	0
	0

	
	5000
	0
	0
	1
	0



Though water mint produced new shoots in the second week in nearly all the three concentrations, they started dying down (Fig. 3, a, b and c). As for the tropical spiderwort (week 1), in the bucket that was having the concentration 300 mg/L, there were new shoots while there were no shoots in the that which had 5000 mg/L, there were no shoots, instead, some leaves started drying off. The bucket which had 1000 mg/L had few new shoots not as many as the plant in the 300 mg/L bucket (Fig. 3 d, e and f). The cocoyam in the 300mg/L treatment was growing steadily with no new shoot, while that of 5000 mg/L had a new shoot with one of the first leaves drying up, but for that in the 1000 mg/L, there was also a new shoot with the first leave looking yellowish but didn’t wither (Fig. 3 g, h, I).
[image: ][image: ][image: ][image: ][image: ]a
b
c
d
e

[image: ][image: ][image: ][image: ]f
g
h
i

[bookmark: _Hlk145927184]Fig. 3. Week one growth performance a) water mint at 300 mg/L b) water mint at 5000 mg/L c) water mint at 1000 mg/L, d) tropical spiderwort at 300mg/L e) tropical spiderwort at 5000 mg/L f) tropical spiderwort at 1000 mg/L g) cocoyam at 300 mg/L, h) cocoyam at 5000  mg/L i) cocoyam 1000 mg/L
        Monitoring the plants after week two, it was discovered that water mint at 300 mg/L and that at 1000 mg/L had new shoots after the original leaves completely dried up while that at 5000 mg/L had no shoot and its original leaves had dried up (Fig. 4 a, b and c). For the tropical spiderwort, it was noticed that at 300 mg/L, 5000 mg/L and 1000 mg/L, there were still some new shoots (Fig.. d, e f). For the cocoyam, there was no shoot in the concentrations, 300 mg/L and 1000 mg/L, but there was a new shoot for that of 5000 mg/L (Fig. 4 g, h, i ).
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Fig. 5.  Week two growth performance a) water mint at 300 mg/L b) water mint at 5000 mg/L c) water mint at 1000 mg/L, d) tropical spiderwort at 300 mg/L e) tropical spiderwort at 5000 mg/L f) tropical spiderwort at 1000 mg/L g) cocoyam at 300 mg/L h) cocoyam at 5000  mg/L i) cocoyam 1000 mg/L

         After the third week, the water mint at concentration 300 mg/L and 1000mg/L had no new shoots but were steadily growing while that at 5000 mg/L had a new shoot (Fig. 6, a, b and c). For the plant tropical spiderwort, there was no shot for all the concentration, instead the leaves were dying up (Fig. 6 d, e and f). For the cocoyam, that in 300 mg/L and 5000mg/L had no new shoots while that in the 1000mg/L had a new shoot (Fig. 6 g, h, I).
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Fig. 6. week three growth performance a) water mint at 300 mg/L b) water mint at 5000 mg/L c) water mint at 1000 mg/L, d) tropical spiderwort at 300 mg/L e) tropical spiderwort at 5000 mg/L f) tropical spiderwort at 1000 mg/L g) cocoyam at 300 mg/L h) cocoyam at 5000mg/L I ) cocoyam 1000  mg/L

          For the last week, which was week four, the water mint at 1000 mg/L and 5000 mg/L had no new shoots and the new shoot that came out at concentration 5000 mg/L on the third week was dying up while that at 300 mg/L had a new shoot after the previous shoot died off (Fig. 7.a, b and c). For tropical spiderwort, at concentrations, 1000mg/L and 5000mg/L, the plants died while that in 300mg/L was still having few green leaves but was dying too (Fig. 7 d, e and f). And for the cocoyam, there were no new shoots for any of the concentrations but the previous leaves were still surviving (Fig. 7 g, h, i).
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Fig. 7. week four growth performance a) water mint at 300 mg/L b) water mint at 5000 mg/L c) water mint at 1000 mg/L , d) tropical spiderwort at 300 mg/L e) tropical spiderwort at 5000 mg/L f) tropical spiderwort at 1000  mg/L g) cocoyam at 300mg/L h) cocoyam at 5000 mg/L i) cocoyam 1000 mg/L

3.2 Evaluating the efficiency of each plant in EC, TDS and salinity removal from the soil        Results of the efficiency of each plant in improving the physico-chemical properties of the soil are presented in Fig. 8.  At the end of the monitoring period (4 weeks), EC, TDS and salinity was measured. Fig. 8a present the results of EC, TDS and salinity removal efficiency by cocoyam, where it can observed that over 99 % of EC, TDS and salinity were removed at 5000 mg/L salt concentration. For 1000 mg/L concentration, removal efficiency was about 75 % for EC, TDS and salinity.  Meanwhile for 300 mg/L salt concentration, about 70 % EC and TDS were removed compared to 68 % for salinity. Contrary to cocoyam, tropical spiderwort showed a reverse trend with over 91 % EC, TDS and salinity removal occurring at the lowest salt concentration of  300 mg/L and less than 40 % removal at 1000 and 5000 mg/L salt concentrations (Fig. 8b).  However for water mint (Fig. 8c), over 89 % EC, TDS and salinity removal were recorded for 1000 mg/L salt concentration, about 72 % for 300 mg/L salt concentration and about 47 % for 5000 mg/L salt concentration. These results show cocoyam can remove salt from the soil and lower concentrations, tropical spiderwort only at lower concentrations, and water mint at lower and medium concentrations. This work demonstrates the suitability of cocoyam for soil desalination as it shows continuous growth at all the tested salt concentration, against tropical spiderwort and water mint that were drying off by week 4 (30 days). 
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 Fig. 8. Salt percentage reduction in 30 days a) cocoyam, b) tropical spiderwort c) water mint
  

4. CONCLUSION
This work investigated the growth performance of three local aquatic plants; cocoyam plant, tropical spiderwort and water mint under three soil salt concentrations of 300, 1000 and 5000 mg/L, then evaluate their efficiencies in the removal of the salt from the soil. The experiments were conducted for four weeks and while monitoring weekly for new shoots as well as whether they withered or not. At the end of the 4th week (30 days) the plants were separated from the soil and the electrical conductivity (EC), total dissolved solids (TDS) and salinity of the wet soil determined, and salt removal by each plant calculated. For the last week, it was observed that though water mint and tropical spiderwort had initially produced new shoots between week two and three at all the tested concentrations, they were all drying out in the fourth week. However, for the cocoyam, there were no new shoots on the fourth week but the plant was growing perfectly at all the tested concentrations.  At the end of the monitoring period (4 weeks) also, the results of EC, TDS and salinity removal efficiency by cocoyam showed over 99 % of EC, TDS and salinity were removed at 5000 mg/L salt concentration. For 1000 mg/L concentration, removal efficiency was about 75 % for EC, TDS and salinity.  Meanwhile for 300 mg/L salt concentration, about 70 % EC and TDS were removed compared to 68 % for salinity. Contrary to cocoyam, tropical spiderwort showed a reverse trend with over 91 % EC, TDS and salinity removal occurring at the lowest salt concentration of  300 mg/L and less than 40 % removal at 1000 and 5000 mg/L salt concentrations.  However, for water mint, over 89 % EC, TDS and salinity removal were recorded for 1000 mg/L salt concentration, about 72 % for 300 mg/L salt concentration and about 47 % for 5000 mg/L salt concentration. These results show cocoyam can be very effective in removing salt from the soil at all concentration ranges without affecting its growth performance. However, tropical spiderwort can be effective only at lower concentrations, and water mint at lower and medium concentrations and they do not survive after the process. This work demonstrates the suitability of cocoyam for soil desalination as it shows continuous growth at all the tested salt concentration, against tropical spiderwort and water mint that were drying off by week 4 (30 days). The desalination efficiency is particularly important as it grows in a wide variety of conditions including paddies in wetland areas and in full sunlight or partial shade.
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