
 

 

 

Abstract—From the previous research in plant tissue cultures, 

the promising results was obtained, i.e. shoot cultures of Musa 

paradisiaca var. saba were able to grow on media containing copper 

ions with concentration up to 20 part per million (ppm) and could 

remove 1.631 ppm of the ions and accumulate them in their biomass. 

Then, this research is targeted to cultivate the resulting selected 

cultures on rooting media and then acclimate them on normal soil 

and soil containing various concentrations of copper with an 

intention to get plants that are able to reduce the contamination of 

copper ions in contaminated soil. From the results of this project it is 

clear that Murashige Skoog (MS) media without any addition of 

Naphthalene Acetic acid (NAA) has already been able to induce the 

formation of roots of the selected shoot cultures. Up to the end of this 

research period, the completely growing cultures are able to be 

acclimated on normal soil and soil containing copper ions up to 25 

ppm and the acclimated cultures (regenerant plants) can accumulate 

promisingly as much as 2.122 ppm of them in their biomass from soil 

containing 25 ppm copper ions. 
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I. INTRODUCTION 

HYTOEXTRACTION (or phytoaccumulation) uses plants 

or algae to remove contaminants from soils, sediments or 

water into harvestable plant biomass. In general, this process 

has been tried more often for extracting heavy metals than for 

organics. At the time of disposal, contaminants are typically 

concentrated in the much smaller volume of the plant matter 

than in the initially contaminated soil or sediment. The plants 

absorb contaminants through the root system and store them in 

the root biomass and/or transport them up into the stems 

and/or leaves. A living plant may continue to absorb 

contaminants until it is harvested. After harvest, a lower level 

of the contaminant will remain in the soil, so the 

growth/harvest cycle must usually be repeated through several 

crops to achieve a significant cleanup. After the process, the 

cleaned soil can support other vegetation [1].   
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 Unique remediation features possessed by plants are: 1) 

immobilization, 2) removal, and 3) destruction. Partial 

immobilization of water soluble contaminants is brought about 

by plant transpiration (soil water taken up, transported, and 

evaporated from leaf surfaces) since the process removes soil 

water that would otherwise cause contaminant leaching and 

movement. Removal of toxic metals from contaminated soil 

occurs when inorganic ions are taken up by plant roots and 

translocated through the stem to aboveground plant parts. 

Since both root physiology and biosynthetic pathways vary 

considerably among plant species it is anticipated that 

rhizoremediation properties will also vary among plants. The 

most useful species for rhizoremediation may be previously 

unexplored species with no commercial importance prior to 

their use in rhizoremediation. Both the direct and indirect 

degradation of soil contaminants can potentially occur at the 

lowest depth of root penetration, a special feature of plant 

remediation. Thus, through the efforts of a relatively small 

group of scientists working around the world over the last 20 

years, phytoremediation has become a well established, 

multifaceted technology capitalizing on three plant properties: 

transpiration, ion uptake, and metabolism with the later having 

both direct and indirect influences [2]. 

 In 1999, Maria Greger and Tommy Landberg proved that 

willow (Salic minimalis) has a significant potential as a 

phytoextractor of Cadmium (Cd), Zinc (Zn), and Copper (Cu), 

as willow has some specific characteristics like high transport 

capacity of heavy metals from root to shoot and huge amount 

of biomass production [3].  
The term "Green Liver Model" is used to describe 

phytotransformation, as plants behave analogously to the 

human liver when dealing with these xenobiotic compounds 

(foreign compound/pollutant) [4]. Hence, the plants reduce 

toxicity (with exceptions) and sequester the xenobiotics in 

phytotransformation. Trinitrotoluene phytotransformation has 

been extensively researched and a transformation pathway has 

been proposed [5].  

 High concentrations of copper (100 ppm, 200 ppm, or 500 

ppm) in the diet of animals may favorably influence feed 

conversion efficiency, growth rates, and carcass dressing 

percentages. Chronic copper toxicity does not normally occur 

in humans because of transport systems that regulate 

absorption and excretion. Autosomal recessive mutations in 

copper transport proteins can disable these systems, leading to 

Wilson's disease with copper accumulation and cirrhosis of 
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the liver in persons who have inherited two defective genes 

[6]. 

 Trees are probably the best-suited plants for transgenic 

approaches to improve the heavy-metal accumulation and 

metabolism of organic compounds. Forest trees already have 

several mechanisms for stress defence, ranging from 

morphological changes to the synthesis of defence 

compounds. Tree biotechnology is thus becoming an 

increasingly important tool for the remediation of 

contaminated environments [7].  

 In this research, Musa paradisiaca var. saba (banana trees), 

due to their ease of growing and biomass produced were used 

to reduce the contamination of copper in soil [8]. 

II.  MATERIALS AND METHODS 

The selected shoot cultures of Musa paradisiaca var. saba 

that were able to grow on media containing copper ions with 

concentration up to 20 ppm, obtained from previous research, 

are cultivated on rooting MS media either without or with 

addition of 0.1, 0.2, 0.5, 0.7, 0.8, and 1.0 ppm NAA, 

respectively for 4 weeks. Then, the cultures which have got 

their roots are washed with clean water, given fungicide and 

bactericide and then acclimated on normal soil and soil 

containing copper ions with concentration of 10, 15, 20, 25 

ppm for 4 weeks.  Observations are made to explore whether 

the regenerant plants are able to grow on those soils and have 

the ability to remove copper ions from copper-contaminated 

soil.  From the regenerant plants that can grow and remove 

copper ions, coppers in biomass are extracted by first washing 

the plants with clean water, drying them in oven with 

temperature of 600C up to dryness, powdering them with 

mortar and pestle, and dissolving the powder in concentrated 

HNO3. The concentration of copper in each solution is 

determined using ICP-AES (ARL ICP Fisons 3410+, 

Valensia−California, USA, with micro active program Plasma 

Vision 10, Queensland−Australia) by measuring the emission 

intensity of copper at 324.75 nm.  

III. RESULTS AND DISCUSSIONS 

A. Cultivation of the selected shoot cultures of Musa 

paradisiaca var. saba on rooting media 

 

The results of cultivation of the selected shoot cultures of 

Musa paradisiaca var. saba on rooting MS media either 

without or with addition of 0.1, 0.2, 0.5, 0.7, 0.8, and 1.0 ppm 

NAA, are as follows. 

 
TABLE I 

CULTIVATION OF THE SELECTED SHOOT CULTURES OF MUSA PARADISIACA 

VAR. SABA ON ROOTING MS MEDIA 

Type of rooting media 
Number of 

replication 
Observation 

MS without NAA 20 
roots grew after 3-

4 weeks 

MS with 0.1 ppm NAA 20 
roots grew after 3-

4 weeks 

MS with 0.2 ppm NAA 20 

roots grew after 3-

4 weeks 

 

MS with 0.5 ppm NAA 20 
roots grew after 3-

4 weeks 

MS with 0.7 ppm NAA 20 
roots grew after 3-

4 weeks 

MS with 0.8 ppm NAA 20 
roots grew after 3-

4 weeks 

MS with 1.0 ppm NAA 20 
roots grew after 3-

4 weeks 

 

And some appearances of growing roots of the selected 

shoot cultures on rooting media are shown by the figures 

below. 

 

   
     (a)        (b)        (c) 

 

Fig. 1 Growing roots of the selected shoot cultures of Musa 

paradisiaca var. saba on (a) MS media without any addition of NAA, 

(b) MS media with 0.5 ppm NAA and (c) MS media with 1.0 ppm 

NAA 

 

TABLE I and Fig. 1 (a)−(c) demonstrate that all sorts of the 

rooting media used are capable of inducing the formation of 

roots of the selected shoot cultures. And because MS media 

without any addition of NAA has already been able to induce 

the formation of roots of  the selected shoot cultures, then this 

type of media can be used for further corresponding research 

due to its efficiency in term of the chemicals usage. It is 

predicted that the shoots themselves are able to produce 

enough hormone(s) of auxin-type that are needed for the 

growth of their roots. 

 

B. Acclimatization of the regenerant plants on normal soil 

and soil containing various concentrations of copper 

 

The results of acclimatization of the regenerant plants on 

normal soil and soil containing copper ions are represented by 

the following figures. 

 

    
         (a)        (b)       (c)  
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        (d)          (e) 

 

Fig. 2 Acclimatization of regenerant Musa paradisiaca var. saba 

aged 2 months on (a) normal soil and soil containing copper ions 

with concentration of (b) 10 ppm, (c) 15 ppm, (d) 20 ppm and (e) 25 

ppm 

 

Fig. 2 (a)−(e) reveal that all the regenerant plants have the 

ability to grow on normal soil and soil containing copper ions 

up to the concentration of 25 ppm without any damage 

observed. Perhaps, it is due to production of certain types of 

secondary metabolites by the corresponding plants that 

prevent the coppers from intoxicating them. And the 

secondary metabolites are believed to be phytochelatins, metal 

chelating compounds. This polypeptides riching in cysteine 

use the characteristic of heavy metals to bind at thiol groups in 

order to detoxify them [9]. 

 

C. Determination of coppers accumulation in biomass 

 

The determination of coppers accumulation in biomass of 

regenerant plants aged 4 weeks are demonstrated on TABLE 

II and Fig 3. 

 
TABLE II 

ACCUMULATION OF COPPERS IN THE BIOMASS OF REGENERANT MUSA 

PARADISIACA VAR. SABA AGED 4 WEEKS 

Copper ions 

concentration in the 

soil 

(ppm) 

Number of 

replication 

Coppers concentration in 

biomass  

(mean (ppm) ± SD) 

10 20 1.20 ± 0.18 

15 20 1.56 ± 0.20 

20 20 1.88 ± 0.26 

25 20 2.12 ± 0.32 

 

 
Fig. 3 Graph of concentration of coppers in biomass with variation of 

copper ions concentration in soil 

 

TABLE II and Fig. 3 show that the regenerant Musa 

paradisiaca var. saba are not only able to grow on media 

containing copper ions up to the concentration of 25 ppm 

without any damage observed, but also have the ability to 

accumulate the coppers in their biomass. The accumulation of 

coppers in their biomass is higher with the increasing 

concentration of copper ions in soil. Up to the end of this 

research period, the accumulation of coppers in biomass is 

2.12 ppm from soil containing 25 ppm copper ions. The 

possible explanation for this phenomenon include exudation 

of metal chelating compounds and a network of processes that 

take up metals, chelate them and transport these complexes to 

above-ground tissues where they are sequestered into vacuoles 

[10]. 

IV. CONCLUSIONS 

Conclusions that can be drawn based on the results of this 

research are: 

1. Murashige Skoog (MS) media without any addition of 

Naphthalene Acetic acid (NAA) is able to induce the 

formation of roots of shoot cultures of Musa paradisiaca 

var. saba. 

2. The completely growing cultures of Musa paradisiaca var. 

saba are able to be acclimated on normal soil and soil 

containing copper ions up to 25 ppm and the regenerant 

plants can accumulate so far as much as 2.122 ppm of them 

in their biomass from soil containing 25 ppm copper ions. 
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