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ABSTRACT 
 

A pot culture culture experiment was conducted in the glass house of Holetta Agricultural 

Research Center (HARC) of, Ethiopian Institute of Agricultural Research (EIAR) based 

on Holetta.The aim of the trail was to study the impact of Cr on seed germination, 

seedling quality and growth, to establish in which part of the plants the metal is stored for 

an eventual use of phyto-stabilization and/or phytoextraction of the metals, and finally to 

screen and recommend the best Cr accumulator tree species for phytoremediation 

capabilities of the three tree species seedlings Viz.Eucalyptus camaldulensis, Millittia 

ferruginea, and Ricinus communis  respectively. Both biological stable speciation of Cr 

(trivalent as Cr2 (SO4) 3.6H2O and hexavalent as (K2Cr2O7) at three concentration levels 

10,100, 1000 PPm and the control were used. 

 

The plant growing media was prepared using, 3-forest soil, 3 local soils, 1 manure and 1 

sand soil. Before sowing the media were mixed in appropriate proportion, moistened, 

sterilized and finally filled into polythen bags of 16cmx20cm diameter and height 

respectively, the already filled pots were taken into the green house and laid out with split 

plot design of CRD (completely randomised design) with 3 replications. The seeds were 

directly sown on polybags, germination data were recorded however the result was not 

significantly different for the two Cr species however it was differing significantly for 

different concentration of Cr and for the three tree species respectively .At the end of the 

experiment both seedling growth and quality parameters were assessed but the data 

statistically revealed that among the parameters height and root collar diameter 

significantly differed for the treatments at (P≤0.05) However seedling quality parameters 

was not significantly different among the same tree species where as there was significant 

difference recorded when the interaction effect of the three tree species was considered. 

 



 xi

For Cr data analysis the two parts of the plants were separately collected, oven dried, 

weighed, milled, and digested and separately analysed using Atomic Absorption 

Spectrophotometer (AAS) (Varian spectra AA-220) with air acethylene flame at 358 ηm 

with 0.2 spectral slit width. The shoots and roots of Ricinus communis showed a very 

good Cr storage capacity followed by Millittia ferruginea and Eucalyptus camaldulensis 

respectively. The shoots and roots accumulate nearly the same amount of Cr in all the tree 

species seedlings respectively. With regard to the uptake of Cr Ricinus communis was 

also the most efficient in its storage capacity as it contains the highest level of Cr per 

gram of dry matter. 
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                           1.INTRODUCTION 

 
Industrial development is a recent phenomenon in Ethiopia; many of the industries are 

located in the peripheries of large cities and towns where dense population exist. On the 

other hand, industries play a major role in the development of the society by providing 

important materials to them, however in the process of production, distribution and 

utilization of resource, pollution of water and soil may occur. Many industries discharge 

harmful wastes into the rivers and land. These industrial pollutants are characterized by 

long persistence (remaining active for a long period of time) and irreversibility-reversing 

their effects almost impossible. Most of our industries are at the infant stage and cannot 

afford enormous investment in pollution control equipment, as their profit margin is very 

slender. If the industries do not treat their wastewater before discharging it into near by 

rivers and soil, serious health problems become certain for the surrounding inhabitants. 

Heavy metals are one of the main toxic pollutant discharged by industries and cause a 

great threat to the health of surrounding people and near by biota. Now a day metal 

concentration in vegetables grown around Addis Ababa is on the rise and many other 

toxic chemicals are entering the water and soil in the area (EPA, 1997).  

 

The major heavy metals linked most often to human health discharged from industries are 

lead, mercury, arsenic and cadmium, other heavy metals, including copper, zinc and 

chromium. In Addis Ababa, the concentrations of heavy metals are beyond certain limit in 

fresh water, this creates seriously dangerous to the health of the city residents (EPA, 

1997).  

 

Among the industries, tanning industries constitute a major portion of industrial growth 

since there is high quality of hide from the native livestock population. On the other hand, 

the leather industry is the major reason for the environmental influx of chromium, which 
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is a potential carcinogen for human beings. The effluent and sludge disposed from these 

industries into rivers and onto land has led to extensive degradation of productive land 

(Ramasamy, 1997) so the probability of chromium migration and bioavailability to arable 

activities pose a potential threat in the surrounding areas. 

 

Chromium is one of the major heavy metal discharged from tanneries in Ethiopia. 

Cleaning of chromium-contaminated, as one of the challenging tasks because remediation 

of sites contaminated with toxic heavy metal chromium is particularly the most 

challenging one. Unlike organic compounds, the heavy metal chromium cannot be 

degraded and the clean up technology requires removal. The heavy metal removing 

process from contaminated sites often employs, physiochemical agents, which can 

dramatically inhibit soil fertility with subsequent negative impacts on the ecosystem. 

 

Research results conducted by EPA (Environmental Protection Authority) of the 40 

industries found in the country only two have treatment system. Except these the rest of 

the industries discharge their industrial waste freely into the water and land. This resulted 

in a serious water and soil pollution (EPA, 1997) in the area, however no initiation was 

taken to address and remediate the hazard. 

 

Phytoremediation is an emerging new and recent technology that can be considered in 

remediating the contaminated sites because of its cost effectiveness, aesthetic advantages, 

and long-term applicability. It refers to the use of metal accumulating plants that can 

translocate and concentrate metals from soil in roots to above ground shoots or leaves 

(Cunningham and OW, 1996). Many research findings indicated that plants have the 

genetic potential to remove many toxic heavy metals from the soil. Phytoremediation is 

most suited for use at very large field sites where other methods of remediation 

technologies are not cost effective at sites with low concentration of contaminants, where 

the treatment is required over long period of time. 
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 Since Ethiopia is a poor and third world country, using high technologies to avert the 

problem is impossible and inefficient. Therefore using simple, long term benefits and 

cheap technologies are appropriate for developing countries in general and Ethiopian in 

particular. Besides to this, the technology is environmentally sound, socially acceptable 

and economically feasible. 

 

The present study was under taken to investigate to phytoremediation potential of three 

commonly grown tree species in Ethiopia at seedling stage. The tree species were selected 

because of their fast growing nature, ease of establishment, locally adaptable, 

environmentally sound, economically important and socially attractive. The species were 

evaluated for their phytoremediation potential. In addition to this, the selected trees 

(Millittia ferruginea, Ricinus communis and Eucalyptus camaldulensis) have a number of 

advantages like economical, environmental and social benefits. Top of all, the pollutant 

transformation in the food chain is completely eliminated since the end use of these 

species for timber and fuelwood.  

 

This research will help to fill the knowledge gap of to understand the role of trees to 

reclaim lands contaminated by the offshoots of modern technology.  

 

This study tried to understand the accumulation of Cr in the stem as well as in the root   

parts of the plant at the seedling stage because Cr accumulation may differ with different 

species. Therefore it helps to screen the species to select them for reclamation of 

contaminated land with different objective.  
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1.1.The hypothesis of the study 
 
The amount of chromium uptake, phytotoxicity- and phytoaccumulation is different 

among the tree species at seedling stage in the nursery and the amount of chromium 

accumulated vary significantly between roots and shoots of the three tree species. 

 1.2. Objectives of the study  
 
 Main objective of the study 
 

Screening and evaluation of tree species for phytoremediation of chromium for the 

reclamation of tannery contaminated sites 

 

Specific objectives the study 
 

• To see the impact of chromium on seed germination, seedling quality and                    

growth 

• To measure and evaluate the chromium removal potential of the different 

species at seedling stage. 

• To screen and recommend the best chromium accumulating tree species for 

their phytoremediation capabilities.    
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2.LITERATURE REVIEW 

2.1.Chemistry of Chromium 
 
Among the heavy metals chromium is one of the most toxic metal. Chromium is a heavy 

metal, symbolically presented by (Cr), with atomic number of 24, and mass number of 

51.9961. It belongs to the first series of transition metals. It is the 17th most abundant 

element in the earth's crust. It is used to hard steel, to manufacture stainless steel and to 

make various alloys, as well as to anodise aluminium, notably in the manufacturing of 

aircraft industry and tanning of leather. 

 

Cr occurs naturally in ultra basic and basic rocks, it occurs in different oxidation states, 

but the two valence states trivalent Cr (III) the most stable and hexavalent Cr (VI) are the 

most important. Trivalent Cr is a hard acid that forms strong kinetically inert complexes 

with a variety of ligands. The inter conversion of Cr (III) and Cr (VI) occurs in such a 

way that the reduction of Cr (VI) to Cr (III) Occurs readily by a variety of reducing agents 

in water and soil, but a few oxidants in natural water can oxidize Cr (III) to Cr (VI). 

 

Cr (VI) is known human carcinogen, where as Cr (III) is less toxic than hexavalent one. 

Chromate is toxic to both plants and animals. It is also strong oxidizing agent and 

corrosive in nature. Tanning of leather with Cr salts [Cr (III)], first in 1858, consumes 

considerable quantities of Cr. Cr (III) is the predominant species discharged in tannery 

solid and liquid wastes.    

2.2. Toxicity of Chromium to Plants  
 
Plant growth studies of solution cultures with low levels of Cr (Huffman and Alloway, 

1973) have indicated that Cr is not an essential component of plant nutrition. Although 

some crops are not affected by low concentration of Cr (3.8x10-4 µM)(Huffman and 
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Allaway, 1973a,b), Cr is toxic to higher plants at 100 µM.kg-1 dry weight (Davis, et al., 

2002) 

 
 CrO4

2- exhibited toxicity effects in plants at concentration levels between 18 and 34-

mg/kg dry weight (NAS, 1974). Skiffington, et al. (1976) observed that barely crops 

could tolerate a Cr spiked nutrient levels up to 5 mg/L but a yield reduction of 75 % was 

observed. Glasshouse plant growth studies using tannery sludge-treated soils in house 

plants have shown toxicity of Cr when sludge was applied at a rate of excedding 3 g/kg 

and a significant yield reduction was also observed (Naidu, et al., 2000b). In this study 

the toxicity was attributed to the presence of Cr (VI) in the amended sludge. Similarly Cr 

toxicity has been reported to crops grown in tannery sludge amended soils from India 

(Saraparwin, et al., 2000b). 

 

Turner and Rust (1971) observed initial symptoms of Cr toxicity with the addition of as 

little as 0.5 PPm Cr to the nutrient culture, and 60 PPm to the soil culture. These Cr 

additions resulted in decreased concentrations of almost all major nutrients in tops and of 

K, P, Fe and Mg in roots. 

 

Srivastava, et al. (1984) reported that a very low Cr content of 1 to 2 PPm (DW) inhibited 

the growth of sensitive plant species. Srivastava (1984) reported that chromium at 

different levels (10, 25, 50 and 100 mg per kg of soil), affected the growth and yield of 

three vegetable crops viz. Spinach, lettuce and fenugreek. The growth and yield of 

spinach and lettuce were affected at 10 mg kg-1 of level, where as, significant yield and 

growth reduction was observed at 25 mg kg-1 level of Cr for fenugreek. Application of 

untreated tannery effluent affected the growth of maize, though the crop germinated 

withered and dried before flowering when irrigated with undiluted tannery effluent 

irrigation. 
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The germination study carried out on Paddy, Luceana and Acacia with 100 percent 

concentration of tannery effluent resulted in complete inhibition of germination of the 

three species (Karnyal, et al., 1994).  

 2.3. Translocation and Uptake of Cr in Plant 
 
The mechanism of adsorption and translocation of Cr in plants seem to be similar to those 

of Fe, which is reflected by a fairly Cr/Fe ratio in plant tissues. Tiffin (1997) concluded 

that Cr is transported in plants anionic complexes, which have been identified in the 

extract of plant tissues and in xylem fluid. 

 

 Chromate uptake is an active process and follows Michelis-Mentan kinetics via a sulfate 

carrier and mostly accumulated by shoots. In contrast, the uptake of chromium ion is a 

passive process occurring mostly in roots (Peterson and Girling, 1981).  

 

Zayed, et al. (1998) inferred that patterns of accumulation and translocation of the two Cr 

ions. There was a great difference, however in the accumulation of Cr by shoots and roots 

of various vegetable crops. A higher accumulation of Cr in roots (up to 160 PPm); 

especially in Indian mustard and fodder radish, was observed while growing in Cr 

polluted soil (247 PPm Cr) in the vicinity of galvanization plant (Zayed,et al., 1998). The 

Cr concentration in shoots of those plants did not exceed to 10 PPm.Srivastava, et al. 

(1999) reported that wheat plants growing in nutrient solution containing 2 mg Cr (III)/L-1 

retained 70-80% of Cr in roots.  

 

The tannery effluent affected the germination and the growth of sweet corn (Stanberg, et 

al., 1984c). Saxena, et al. (1990) Concluded that untreated tannery effluents had toxic 

chemicals, which retarded germination and growth of crops like pulses. Stanberg, et al. 

(1984c) reported that delayed germination and growth were apparent in the corn on soils 

that received the tannery wastes. 
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2.4.Remediation of Cr using plants 
 
Phytoremediation involves the use of plants to remove, transfer, stabilize and/or degrade 

contaminants in soil, sediment and water (Hughes, et al., 1997). Plants that are hyper 

accumulators of metals have tremendous potential for application in the remediation of 

metals in the environment. Hyper accumulators will concentrate more than 10 PPm Hg, 

100 PPm Cd, 1000 PPm, Co, Cr, Cu and 10,000 PPm Zn and Ni to date approximately 

400 plant species from at least 45 plant families have been reported to hyper accumulate 

metals (Baker, et al., 2000).  

 

Phytoremediation is viewed as long-term remediation solution to reduce metals to 

acceptable to regulatory levels. Research results showed that trees could accumulate 10-

500 times higher level of heavy metals than crops (Reeves, 2004). The use of hyper 

accumulating metal tolerant or tree species plants provide an alternative remediation 

technology. Cultivating such plants, on industrial waste site can provide a clean, cheap, 

alternative to cleaning approach to decontaminant heavy metal contaminated soil.  

 

A typical plant can accumulate 100 PPm of Cr but Dicoma nicolifera (Peterson, 1975) 

can accumulate upto 30,000 mg/kg, in addition to this others tree species such as 

Leptospermum scoparium (Lyon, et al., 1969) and Sutera fodina (Peterson, 1975) can 

accumulate with a maximum concentration of 20,000 and 48,000 mg/kg of chromium per 

dry weight respectively.  
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2.4.1. Selection of Phytoextractor 
 
Plants are selected based on thier adaptation to that particular site and the type of 

contaminants, polluting of that specific area. Selecting the tree species for 

phytoremediation should be fast growing, deep rooted, high biomass production, large 

transpiration rates and preferably indigenous.  

 

It is the combination of high metal accumulation with high biomass production that 

results in most metal removal. In addition, plants considered for phytoremediation must 

tolerate the targated metal or metals, and efficient in translocation of metals from roots to 

the harvestable above ground portions of the plant (Blylock and Kong, 2000). Other 

desirable plant characterstics include the ability to tolerate difficult soil conditions, the 

production of dense root system, ease of care and establishment. 

 

Several researchers have screened fast growing, high biomass accumulating plants, for 

ability to tolerate and accumulate in shoots (Raskin, et al., 1997). 

2.4.2. Hyper accumulating and high biomass tree species 
 

 The concept of using hyper accumulator plants or tree species to take up and remove 

heavy metals from contaminated soils was first discovered by Chaney (1983). Hyper 

accumulators take up large quantity of toxic metals through their roots and transport them 

to the stems or leaves. For example, 70-80% of the total Zn accumulated by Arabidapsis 

haller and T.caeruesen was reported to be stored in the shoot (Zhao, et al., 2000). The 

word hyper accumulator was coined by Brooks and Reeves (Brooks, et al., 1997) and it 

has been defined as metal accumulation exceeding threshold value of shoot metal 

concentration of 1% (Zn, (Mn), 0.1% (Ni, Cr, Cu, Pb and Al) 0.01% Cd, Se 0.001% (Hg) 

of the dry weight shoot biomass, compared to non accumulator plants. Hyper accumulator 
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plants usually have a shoot/root metal concentration >1. Where as non-accumulators 

plants generally have higher metal concentration in roots than in shoots (Shen, et al., 

1997). Hyper accumulator plants usually store more metals in shoots than in roots. 

 

Several studies indicate that the extraction of the heavy metal Cr used in industrial 

process and other anthropogenic activities from contaminated soils or mine drainage areas 

using selected hyper accumulator species were documented by Chaney, et al., 2000,on the 

other hand, the rapidly growing non-accumulator plants could be engineered that they 

achieve some of the properties of hyper accumulators. 

 

Phytoextraction using forest trees is financially attractive because trees have been 

potentially used for phytoremediation. This is due to their massive root systems, which 

penetrate the soil for several meters. In addition to this, above ground biomass is 

harvested, and it will resprout without disturbance of the site. This coppicing and its 

harvested nature of trees, have ability to maintain (stabilize) the site. This coppicing shoot 

systems would be available if periodic removal of pollutants sequester in plant tissue were 

desirable as in the case of heavy metals bound to wood. (Stamp, et al., 1974: Thangavel, 

et al., 2000: Thangavel and Suburban, 2000) suggested the possibility of using Prosopis 

juliflora as a metallophyte for the remediation of contaminated industrial site.  

 

A research was conducted to evaluate the potential of chromium (Cr) phyto accumulator 

capabilities of four promising tree spp. Viz. Albizia amara, Casuarina equistefolia, 

Tectona grandis and Luceana lecocephala (Aruns K., et al., 2004). Both biologically 

stable speciation of Cr trivalent and hexavalent were used in addition to tannery effluents. 

The study revealed that, in general roots accumulate more chromium than shoots in all the 

tree species. There was more than 10 (tend) fold increase in root Cr content in comparison 

with shoot Cr content in all the trees at all the sources of chromium. Results suggested 

that Albizia amara is a potential Cr accumulator.  
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2.5. General characterstics and phytoremediation potential of the 

        Selected tree species for this Study 

2.5.1.Millettia ferruginea (BirBrra)  
 
Belongs to the family papilinoidae. The tree is known by the local names: Birbira 

(Amharic), Asra, Dadetu, Indidicho, sootalloo (Oromo), Birbira (Gur.) Birbira (Tg), 

Zadya, Zagie (Gof and Wel), Bilewu-Haqa (Had), Biberu (Kef and Or.), Rangazena 

(Kem), Sotelliyagoy (Mes.), Ziyag, Ziyagu (Sha), Ngedicco (Sida), (Hedberg and 

Edwards, 1989:Azene Bekele, 1993:Admassu Adi, et al., 1994.). 

 

M.ferruginea is an endemic tree with mainly straight trunk. It is found in upland forests, 

rain forests and forest remnants. It performs well in moist and wet Kolla as well as dry, 

moist and wet Woina-dega agro climatic zones (Demel and Asssefa, 1991; Azene et al., 

1993; Legesse, 1995; Demel, 1996). Naturally, it occurs between 1000m and 2500m 

above sea level (Thulin, 1989; Demel and Assefa, 1991; Azene, et al., 1993; Fichtl and 

Admasu, 1994; Tamirat, 1994; Legesse, 1995).  

 

Birbrra (Milletia ferruginea) is extremely fast growing and easily propagated from seeds. 

Because of its nitrogen fixing capacity and effective nodulation (Fassil, 1993), it has a 

good potential for nutrient cycling in agroforestry (Legesse, 1995).  

 

 2.5.2.Ricinus communis (Gulo) 
 

It belongs to the family Euphorbiaceae and indigenous to Africa. The tree is known by its 

local names as Gulo, Hablalit, Chiaqma (Amharic), Kella (Trg), Gulil (Tya), Kobbo, 

Kuwodu (Or.). Castor oil tree (Eng): Wunderabum (German) (Azene Bekele, 1993: 

Admassu Adi, 1994). 
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 Ricinus communis is a shrubby tree growing over wide range of altitudes and preferring 

humus-rich and disturbed ground. It is found in moist and wet Kolla, Weyna Dega and 

Dega agro-climatic zones with an altitude of 1000m to 2700m above sea level. Ricinus 

communis is a very common plant of compounds in rural and urban areas. Ethiopia is a 

possible center of origin for this plant and contains wide diversity of germplasm. 

R.communis grows as also wild plants around villages or near rearer’s house in many 

areas. In addition to this wild ricinus plants is widely grown around, wasted disposal sites, 

municipal dumpsites, around riverbanks and ponds. Recently the species is mostly under 

utilized (Azene Bekele, 1996: Abera and Metaferia, 2004).  

 

On the study conducted by (Caesar, 2005) phytoremediation of soil polluted by nickel 

using agricultural crops including ricinus using three levels of treatment (150,300,and 600 

PPm) and one control. Finally he found that the ricinus was efficient in the removal of Ni 

as compared to others. 

2.5.3.Eucalyptus camaldulensis (Key Bahirzaf) 
 

E.camaldulensis, it belongs to the family Mytraceae.E.camaldulensis is named as 

Keybahirzaf (Amh.), Barzaf (Ader.), Akakiliti Barzaf dima (Or.) Red River gum or Murray 

red gum (Eng.)(Azene Bekele, 1993). 

  

In Ethiopia large scale of dieback of seedlings in the first dry season following plantings 

has frequently occurred with E.globulus species has not been recorded with Eucalyptus 

camaldulensis set of new species elimination trials in rainfall zones of less than 1000mm 

and altitude of less than 2000m are needed in Ethiopia (Little, et al., 1985). 
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Research results stated that E.camaldulensaiss tolerates high levels of soil salinity and 

periodic flooding (Hills and Brown, 1975). It also grows in areas receiving lessthan 200 

mm rainfall per annum (Hills and Brown, 1975).  A study conducted by Grant, et al 

(2002) a site polluted by Cr, and finally he found that Cr coud be remediated using 

E.camaldulensis. 

3.MATERIALS AND METHODS 

3.1. Study site description 

 
The field research was carried out at Holetta Agricultural Research Center (Figure, 1). 

The center is located in Oromia Administrative region, Western Shoawa Zone, of central 

highlands of Ethiopia.The center is located in the Holetta township 45 km West of Addis 

Ababa from Addis Ababa to Nekemte road, with an altitude of 2400 meters above sea 

level. Geographically the center is located between latitude 9o 06`N and longitude 38o 

08`E respectively. Traditionally, the center is classified as “Dega” agro ecological zone. 

The climate of the center is sub humid with an average annual rainfall of 1100 mm with 

average maximum temperature and minimum temperature of 21 ºC and 6 oC, respectively.  

 

The experiment was done in the green house of the center with the same altitude and agro 

climatic zonation. Data on Min and, Max daily Temperature and relative humidity of the 

green house were taken from the date of seed sowed up to the end of the experiment using 

thermohydrograph i.e. from 1st November 2006 to 30th March 2006 respectively. Mean 

maximum temperature (24.4 ºC) of the green house was attained in the month of February 

where as the mean minimum temperature (-0.3 ºC) was recorded for the month of January 

respectively (figure, 2). On the otherhand the mean relative humidity (%) of the green 

house is higher than the surrounding outside air temperature. The highest relative 
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humidity (72 %) was recorded for the month of November, where as the lowest relative 

humidity (45.94 %) was recorded for the month of January (figure, 3). 

Figure 1 Location map of Holetta research Center 

 

 
 

Figure 2 Average minimum and maximum temperature of the green house 
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Figure 3 Relative Humidity (%) of the green house 
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   3.2.Methodology 

    3.2.1.Media and Chemical Preparation 
 

 Soil media required for potting media preparation were collected and separately placed in 

pretreated sites (forest soil, manure, sand, and local soil) before mixed. The soils media 

were sieved and then the potting media were mixed, with a proportion of 3:3:1:1 where as 

3 forest soil, 3 local soil, 1 sand and 1 manure (HARC, 2003) respectively. The mixture 

was mixed homogenously in appropriate proportion. The media was solarized by, mixing, 

moistening and covering with a polyethelene plastic sheets with a size of 6mx2m at a 

height of 20 cm, in the upper, lower and bottom sides for a week. Temperature of the soil 

and outside environment were measured using thermometer at two hours interval. The 

media was, mixed thoroughly, moistened with water and filled into 16cmx20cm diameter 

and depth of polythenbags and were transferred to the glass house. The poly bags were 

sealed in the lower side using a sealer to prevent chromium infiltration, for good aeration 

and proper drainage of water at least four holes were drilled in the lower and bottom sides 

of the polythen bags. 
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Table 1 Properties of potting substrate media used at Greenhouse of HARC 
(2006)(composite soil sample) 
_____________________________________________________________________ 
 
Soil properties used                                                                Composite soil sample   
______________________________________________________________________                   
 
Organic C (%)                                                                                   11.11 
Total N                                                                                              0.43                             
Available P (PPm)                                                                            1.65            
K (meg/100gm soil)                                                                          13.06        
Ca (meg/100gm soil)                                                                         28.17          
CEC                                                                                                   14.01                              
Cr tot (μg/g)                                                                                       126.53  
pH                                                                                                      5.17                                    
Mg (meg/100gm soil)                                                                         4.00       
Na (mg/100gm soil)                                                                            1.58        
_____________________________________________________________________ 
 
Watering was done for three consecutive days before planting and then seeds were 

thoroughly mixed and randomized before sowing. Two seeds for Millittia ferruginea and 

4 seeds for Ricinus communis were picked and sowed directly on each polythen bags 

where as counting was not possible for Eucalyptus camaldulensis. Then watering was 

done daily twice (early in the morning and late afternoon) from sowing up to maturing of 

the seedlings, in addtion to this weeding was done when needed. 

 

3.3.Collection of plant and soil samples 
 
The soil samples were collected. Data on germination was recorded and data on growth 

parameters was collected when the seedlings reached the plantable size.  

 



 18

3.3.1.Germination  
 
The germinated seeds were recorded in the prepared format for germination data 

collection. Germination data was recorded every day when the radical is emerged from 

the soil. Care was taken to avoid double counting; identification marks were used to avoid 

the risk. Data on the number of seeds germinated in each day, date of germination were 

recorded in the format.50 % of seeds germinated considered as date of germination. 

 

3.3.2 .Plant Samples 
 
  The inner four best seedlings were assessed for data collection. The shoot length 

measurement of the seedlings was conducted using ruler and root collar diameter 

measurement were done using micro caliper, then crown depth were also measured using 

graded rulers. Then, the seedlings were uprooted and soils removed, and the roots were 

washed with running tape water. The washed roots were measured to determine root 

length using wooden ruler. Then roots and shoots were separated into two parts using a 

sharp knife then immediately preserved with plastic bags to retain the moisture content 

and finally the plant samples were taken to the laboratory. Green moisture content of the 

shoots and roots were measured using a sensitive mass balance, then each leaf was 

picked, and leaf area was measured using leaf area meter. The shoot and root samples 

were oven dried at 100 ○C for 24 and 72 hours respectively depending on the type of the 

species. Eucalyptus camaldulensis and Millittia ferruginea were dried for 24 hours while 

Ricinus communis were dried for 72 hours, because the moisture contents of this species 

is much higher as compared to the other two species. Oven dry weight was measured 

using sensitive balance for moisture content percentage analysis and to calculate oven dry 

root to shoot ratio. Oven dried roots, shoots were measured separately and only four roots, 

and shoots were composite together for further analysis. The samples were grinded using 

grinding mill, at a mesh size of 2 mm for further chromium analysis.  
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3.3.3.Soil Samples 
 
An initial soil sample was collected before starting the experiment and after the 

experiment was over. Soil sample were collected one before solarization and the other 

were after solarization. The soil samples at the end of the experiment were collected from 

four selected polythenbags by cutting into two parts, roots were removed from the soil, 

and the remained lateral and taproots were removed and the soils were mixed together and 

composite soil samples were collected using a labeled plastic bag. Then the samples were 

taken into the laboratory for analysis .A total of 78 soil samples were collected and the 

samples were sun dried until the water in the soil was completely removed. The soil was 

grinded using mortars and piestel and sieved using a seiver. For the sake of accuracy 

sievers of 2mm mesh size were used to sieve 1 mm soil size. So a total of 80 soil samples 

were collected for chromium analysis. 

  

3.4.Treatments and Experimental Design 
 

• Number of tree species used, Eucalyptus camaldulensis, Millittia  

                                                      ferruginea, and Ricinus communis. 

• Cr species (a) Cr (III) as Cr2 (SO4) 3.6H2O: -Control, 10,100 and 1000 PPm 

                       (b) Cr (VI) as K2Cr2O7: -Control, 10,100 and 1000 PPm 
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Table 2 Tree species and Cr species level combination treatment 
_____________________________________________________________________ 
        Tree species                                   Cr species                Treatments (level of Cr) 
_____________________________________________________________________ 
1.Millittia ferruginea                  Cr (III)           Control      10       100           1000 PPm 
                                                    Cr (VI)           Control      10        100          1000 PPm 
_____________________________________________________________________ 
2.Ricinus communis                    Cr (III)           Control      10        100          1000 PPm 
                                                    Cr (VI)           Control      10        100         1000 PPm 
_____________________________________________________________________ 
3.Eucalyptus camaldulensis        Cr (III)           Control      10        100          1000 PPm 
                                                     Cr (VI)           Control      10        100         1000 PPm 
_____________________________________________________________________ 
The treatments were handled as a combination of 3 main plots (tree species) and 8 (eight) 

subplots for each species, for two Cr species with different levels of Cr in completely 

randomized design with three replications. 

 
 
Photo 1:General view of the three raised species  
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3.5. Data Collection and analysis 

3.5.1.Biometric Data 
 

The major biometric data measured were: - shoot length, root length, root collar diameter, 

crown area, shoot green weight, root green weight, leaf area, shoot dry weight, and root 

dry weigt. The four (4) inner best seedlings were assessed for both average and per 

seedling stage of leaf area, crown area, height growth, root length, and dry shoot and root 

biomass respectively. These four seedlings were used for destructive sampling to 

determine average shoot biomass, root biomass, leaf area index (LAI), moisture content, 

root collar diameter, sturdiness index (SI), vigerousity index (VI), and root length. Leaf 

area was determined by measuring the area of the leaf using leaf area meter. 

 

Green root and shoot biomasses were measured by using sensitive mass balance, but 

shoot length was measured using ruler. The root collar diameter was determined using 

micro caliper. The seedling biomass was partitioned into shoot and root components and 

their fresh weight were taken. Each component was oven dried at 100 ºC for 24 hours for 

Millittia ferruginea and Eucalyptus camaldulensis species where as 72 hours for Ricinus 

communis and then weighed using sensitive balance. 

 

All data were analyzed using SAS 1995-2000 version with GLM (General Linear Model. 

Both least square difference (LSD) and Duncuns multiple range tests (DMRT) were used 

for mean separation at (P≤ 5%). The means of each parameter was presented as least 

square means plus or minus standard error (SE) and letters were used to show the 

significance and non-significance of the treatments. 
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3.5.3. Soil Samples 
 
Ten ml of concentrated HNO3 was added to 0.5g of soil samples in a 50ml digestion tubes 

and allowed to stand over night at room temprature. The digestion tubes were placed in a 

heating block for one hour at 150 ºC, tubes were then removed allowed to cool for one 

hour and 2ml of 30 percent H2O2 was added. The contents were mixed by swiriling and 

then allowed the solution for heating at 150 ºC until digestion was completed. Digested 

soil samples were analysed for Cr in Atomic Absorption Spectrophotometer (Varian 

Spectra AA-220) with air acethylene flame at 358 ηm with 0.2 spectral slit width .The 

procedures was modified from (Arun K Shanker, et al., 2004). 

 

  3.5.2.Plant sample analysis 
 
 
Five ml of concentrated HNO3 was added to 0.25g of dried plant sample in a 50 ml 

digestion tubes and allowed to stand over night at room temprature.The digestion tubes 

were placed in a heating block for four hours at 150 ºC.Color change was observed during 

digestion from orange color to pale yellow and finally changed into colorless.Digestion 

samples were analysed for Cr in Atomic absorption Spectophotometer (Varian spectra 

AA-220) with air acethylene flame at 358 ηm with 0.2 spectra slit width.The procedure 

used was modified from (Arun,K.Shanker,et al.,2004) 

 

The Cr accumulation factor(CAF) of the tre species was estimated according to 

(Baker,et.al.,1994). 

 

                          CAF=
oilTotalCrins

uenplanttissCrcontenti  
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4.RESULT AND DISCUSSION 

4.1. Mean Germination                                 

 4.1.1. Millittia ferruginea 

The germinated seeds were counted from a week after sowing upto 21 days.from the 

result it was recorded that Cr (VI) applied in higher concentrations such as 100 and 1000 

PPm brings delayed in germination by seven days. Similar results found by Sexana, et al. 

(1984) concluded that untreated tannery effluents had toxic chemicals, which retarded the 

germination of pulses, which is also true for Millittia ferruginea. 

 Lowest (66.67%) germination percentage was recorded at 1000 PPm of trivalent 

chromium where as the highest (93.75%) followed by (92.71%) was recorded at 10 PPm 

of trivalent Cr species and the control of the Cr respectively. This result was not far from 

the finding of (Rout, et al., 2000 and Jain, et al., 2000). But the lowest (66.67%) 

germination percentage of trivalent chromium was recorded at 1000 PPm was 

significantly different from all the other treatments. The second lowest germination 

percentage (70.83%) was also recorded at 1000 PPm of hexavalent and trivalent 

chromium species respectively. This may be due to the impact of chromium on Millittia 

seeds. The interaction effect was statistically not significant among the treatments. 

However figuratively difference was observed  
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Table 3 Least Square means for germination (Millittia ferruginea) 
_____________________________________________________________________ 
Treatments    NO    Ddiff           GP (%)                PVG            MDG          GV 
_____________________________________________________________________ 
Control       48      44±2.61a       92.71±8.86a      8.84±1.58a      1.06±0.21a     9.36±2.1a 
Cr310          48      44±2.61a      93.75±8.86a      8.33±1.58a      1.07±0.21a      8.99±2.1a 
Cr3100        48      44±2.61a      85.42±8.86a      11.33±1.58a    1.18±0.21a     13.13±2.1a 
Cr31000      48      44±2.61a      66.67±8.86b      9.33±1.58a      0.89±0.21a     8.26±2.1a 
Cr610          48      44±2.61a       85.42±8.86a      7.33±1.58a      0.97±0.21a     7.69±2.1a 
Cr6100        48      44±2.61a      87.5±8.86a        9.67±1.58a      0.93±0.21a     9.11±2.1a 
Cr61000      48      44±2.61a      70.83±8.86a      9.00±1.58a      0.81±0.21a     7.07±2.1b 
 ___________________________________________________________________ 
Note: Letters with the same superscript in the column are not statistically significant at 
(P≤0.05) level of significant. 

4.1.2 .Ricinus communis 

The germinated seeds were counted after fifteen days from sowing and germination was 

completed after 32 days. Cr (III) at higher concentration levels brought delayed in 

germination by four days. However, the cumulative germination percentage did not 

change. Besides this, Cr (VI) was not also brought significant difference in percentage of 

germination increasing in its concentration. This was may be the species have special 

mechanism to detoxifay the toxicity of hexavalent chromium. 

 From the statistical result it showed that the data required from sowing to date of 

germination (Ddiff) was not significant among the treatments, however figuratively 

difference was observed. On the otherhand, the control was significantly differed from the 

other treatments. 

 The highest germination percentage (95.84%) was recorded at the control of Cr followed 

by (93.75%) the 100 and 1000 PPm of trivalent Cr respectively. However the lowest 

germination percentage (83.33%) was recorded at 10 PPm of trivalent chromium followed 
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by (87.5%) 100 PPm of hexavalent chromium respectively. As mentioned above 

increasing concentration of Cr (III) brought delayed in germination however it has no 

impact on the total germination percentage.  

 Increasing concentration of Cr (VI) may not bring reduction in germination percentage at 

this and this due has special mechanism to reduce the toxicity of Cr. Since seed 

germination is the first physiological process affected by Cr, the ability of a seed to 

germinate in a medium containing Cr would be indicative of its level of tolarance to this 

metal (Peralta, et al., 2001). 

Table 4 Least Square means for Germination data of (Ricinus communis) 
_____________________________________________________________________ 
Treatments   NO     Ddiff             GP(%)               PVG               MDG                GV 
_____________________________________________________________________ 
Control       48      19.63±2.61b     95.84±8.86a     9.33±1.58a     0.87±0.21a      8.10±2.1a 
Cr310          48      27±2.61a         83.33±8.86a      8.00±1.58a     0.74±0.21a      5.88±2.1a 
Cr100         48       22±2.61a         93.75±8.86a     8.00±1.58a     0.94±0.21a      7.55±2.1a 
Cr31000      48       27±2.61a         93.75±8.86a     8.33±1.58a      0.83±0.21a     7.06±2.1a 
Cr610          48       16±2.61b         89.58±8.86a     8.33±1.58a     0.86±0.21a      7.18±2.1a 
Cr6100        48        21±2.61a        87.5±8.86a       8.33±1.58a      0.72±0.21a      5.84±2.1a 
Cr61000      48        21±2.61a        91.67±8.86a     8.67±1.58a      0.83±0.21a      7.32±2.1a 
_____________________________________________________________________ 
Letters with the same superscript in the column are not statistically significant at (P≤0.05) 
level of significant 

4.1.3. Eucalyptus camaldulensis 

The species has germinated after 13 days from sowing. However partial delay in 

germination has been observed in some treatments. Cr application at the highest 

concentration levels brought delayed in germination by 14 day when compared to the 

control. Besides to this, death of the seedlings was observed after emergence. The 

phenomenon was observed at hexavalent chromium but not for trivalent one. On similar 

studies by Karnoyal, et a. (1994) it was observed that germination study on Paddy, 

Luceana and Acacia species with 10 percent concentration of tannery effluent resulted in 
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complete inhibition of germination. On another study by Stanberg, et al. (1984c) reported 

that delayed in germination and stunting growth were apparent in the corn on soils that 

received the tannery wastes. These facts were reflected on E.camaldulensis. 

The date acquired from sowing to germination was statistically not significant among the 

treatments. The result revealed that date of germination of the treatments is similar along 

the treatments. Besides to this, the percentage of germination of the majority of the 

treatments was not significant among each other. However, significant difference was 

recorded between 1000 PPm of hexavalent chromium to all the other treatments and 

viceversa. The difference was not significanly differed between 10,100 PPm and control. 

 The highest germination percentage (95.83%) was recorded at the 10 PPm of trivalent 

chromium species however the lowest germination percentage (22.92%) was recorded at 

hexavalent chromium species of 1000 PPm (table, 5).  

Table 5 Least Square Means for the germination data (Eucalyptus camaldulensis) 

_______________________________________________________________________ 
 Treatments  NO       Ddiff                 GP(%)                 PVG                     MDG              GV 
________________________________________________________________________ 
Control       24      43±2.6195a    89.58±8.86a     11.17±1.58a     1.38±2.21abc     14.35±2.1abc 

Cr310          24      43±2.61a        95.83±8.86a      9.33±1.58a      1.09±2.21a       10.27±2.1c 
Cr3100        24      43±2.61a        72.92±8.86a      9.00±1.58a       0.83±2.21bc      9.34±2.1bc 
Cr31000      24      43±2.61a        72.92±8.86a      10±1.58a          0.82±2.21c       8.10±2.1b 
Cr610          24      43±2.61a        97.92±8.86a      12.67±1.58a    1.40±2.21a       18.10±2.1a 
Cr6100        24      43±2.61a        89.56±8.86a       9.67±1.58a     1.27±2.21a       11.60±2.1bcd 
Cr61000      24      43±2.61a        22.92±8.86b       3.67±1.58b      0.97±2.21a       3.56±2.1d 
_____________________________________________________________________ 
      Note: Letters with the same superscript are not statistically significant at(P≤0.05) . 
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4.1.4. Mean Germination 

Germination percentage of the two chromium species was compared however the 

germination percentage of trivalent Cr (87.15) was higher than hexavalent Cr (82.64)% 

(table 6) respectively numerically however statistically not. Teekarama, et al. (1982) 

found that irrigation with tannery effluent affected well water resulted in poor 

germination of cumbu and surghum. The tannery effluent also affected the germination 

and the growth of sweet corn (Stanberg, et al., 1984c). In addition to this, Saxena, et al. 

(1985) concluded that untreated tannery effluents had toxic chemicals, which retarded the 

germination of crops like pulses. In this study, it was true for Eucalyptus camaldulensis, 

at 1000 PPm of concentration, which resulted in total failure of germination 

 Since seed germination is the first physiological process affected by Cr, the ability of a 

seed to germinate in a medium containing Cr would be indicative of its level of tolarance 

to this metal (Peralta, et al., 2001). The germination percentage was also varying 

significantly between the three tree species; the germination percentage of Ricinus 

communis (91.41%) is much higher than that of Millittia ferruginea (84.38%) and 

Eucalyptus camaldulensis (78.90%)(table 6). Eucalyptus camaldulensis showed the 

lowest germination percentage because Cr (VI) at 1000 PPm caused total failure of 

germination. Similar studies on germination in species such as Paddy, Luceana and 

Acacia with 10 percent concentration of tannery effluent resulted in complete inhibition 

of germination (Karnoyal, et al., 1994). Stanberg, et al. (1984c) reported that delayed in 

germination and stunting growth were apparent in the corn on soils that received the 

tannery wastes. 
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Table 6 Interaction effects of (for germination percentage and germination value) result 
data for the main plots, (LS mean±SE) for (GP, and GV).                             
_______________________________________________________________________ 
Main Plots   NO   Dlm(No)      GP(%)            PVG (No)       MDG (no)          GV(No.) 
________________________________________________________________________ 
Cr3             36        84.67±0 a  87.15±2.96a    9.33±0.47a     0.96±0.06a         9.11±0.67a 
Cr6             36        84.67±0a   82.64±2.96a     8.80±0.47a     1.40±0.06a         9.20±0.67a 
EC              24       108 ±0a     78.91±3.63 b    9.58±0.57a     1.16±0.07 a        11.21±0.82a 
MF             24       93±0a         84.38±3.63ab   9.08±0.57a     0.99±0.07ab        9.12±0.87ab 
 RC             24       53±0a         91.41±3.63a    8.54±0.57a     0.83±0.07b         7.13±0.82b 
Contr.         18       84.67±0a    92.71±4.19a     9.78±0.66a    1.10±0.08a         7.60±0.94a 
10 PPm       18       84.67±0a    90.97±4.19a     9.00±0.66 a   1.02±0.08a          9.69±0.94a 
100 PPm     18       84.67±0a    86.11±4.19a     9.33±0.66a     0.98±0.08a         9.43±0.94ab 
1000 PPm   18       84.67±0a    69.79±4.19b     8.17±0.66a     0.88±0.0.08a      6.89±0.94b 
OV.Mean.   72       84.67         84.90                9.07               0.99                   9.15 
C.V.                                          20.92               31.05             35.35                 43.62 
_____________________________________________________________________ 
Note: The same letters with superscript in the column are not statistically significant at 
P≤0.05. 

4.2. Germination Value 

Germination values were the result of peak germination and mean daily germination of 

the treatments. The statistical mean germination value of the two chromium species (9.11) 

and (9.20) were not significant among each other (table, 6). However, significant 

difference was recorded among the tree species. The maximum germination value (11.21) 

was recorded for Eucalyptus camaldulensis and the lowest one (7.13) were recorded for 

Ricinus communis (table 3) respectively. At (P≤0.5) there was significant difference in 

germination value were recorded between Eucalyptus camaldulensis and Ricinus 

communis and viceversa. Germination value was also significantly differed among the 

chromium concentration levels. From the result it was concluded that the germination 

value was inversely proportional to the chromium concentration level applied to each 

treatment. The highest (10.6) germination value was recorded for the control where as the 

lowest one (6.89) recorded for 1000 PPm.  
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 4.2.1. Germination value of Millittia ferruginea 

 The germination value of most of the treatments of Millittia ferruginea was not 

significantly differed among each other. However, significant difference in germination 

value was recorded between 1000 PPm of hexavalent chromium to all the other treatments 

and viceversa. Other germination parameters such as PVG (peak value of germination and 

MDG (mean daily germination) were not statistically differed among the treatments at 

(P≤0.05). 

The highest (13.13) germination value for Milliitta ferruginea was recorded at 100 PPm 

and followed by (9.36), of trivalent Cr species followed by (9.11) of 100 PPm of 

hexavalent chromium species (figure, 4a) respectively. However the lowest germination 

value (7.07) was recorded at 1000 PPm for Cr (VI)(table, 4b). This was due to the impact 

of Cr on the seeds. On the other hand it was resulted due to lower peak daily germination 

rate, and mean daily germination respectively. 

4.2.2. Germination value of  Ricinus communis  

The mean germination value of the treatments of Ricinus communis was not significantly 

differed among each other. The highest germination value (8.10) was recorded at the 

control of Cr. On the contrary, the lowest (5.84) germination value was recorded at 100 

PPm for Cr (VI) followed by (5.88) at 10 PPm for Cr (III) respectively. For Ricinus 

communis 1000 PPm of hexavalent chromium was not brought lower in germination 

value. 

4.2.3. Germination value of Eucalyptus camaldulensis 

The mean germination value of the treatments for Eucalyptus camaldulensis was 

significantly differed among each other. The difference was recorded between 10 PPm of 

hexavalent and trivalent, 1000 PPm of trivalent and hexavalent, control of trivalent and 
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hexavalent, and finally 100 PPm of trivalent and hexavalent, Cr species to all the other 

treatments and viceversa. 

 The highest germination value (18.10) was recorded at 10 PPm of hexavalent chromium 

followed by (14.35) the control of the same chromium species respectively. However the 

lowest germination value (3.56) (Table, 5) was recorded at 1000 PPm of hexavalent 

chromium followed by (8.10) of 1000 PPm for trivalent Cr species respectively. From 

(figure, 4) below it was observed that the control of trivalent chromium species has the 

highest germination value followed by the control of the hexavalent chromium 

respectively. However, the lowest germination value was recorded at 1000 PPm of 

hexavalent Cr, this was due to lower in peak value of germination and mean daily 

germination percentage as compared to the other species.  

Figure 4 Germination value of the three tree species.  

 4a.Germination value of Millittia ferruginea
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4b.Germination Percentage of Eucalyptus camaldulensis

0
20
40
60
80

100
120

Con
tro

l

Cr31
0

Cr31
00

Cr31
00

0
Cr61

0

Cr61
00

Cr61
00

0

Treatments (PPm)

G
P(

%
)

GP(%)

 
4c.Germination value of Ricinus communis
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   4.2.4. Interaction effect of two Cr species on tree species 
 
Since germination is the first physiological process affected by Cr, the ability of a seed to 

germinate in a growing media containing Cr would be indicative of its level of tolerance 

to this metal Peralta et al. (2001) this was reflected in Ricinus communis followed by 

Millittia ferruginea respectively. Seed germination of the Eucalyptus camaldulensis was 

reduced to (22.92%)(table, 7) with 1000 PPm of hexavalent Cr and this result was 

supported by (Rout, et al., 2000). High levels (1000 PPm) of hexavalent Cr application in 

the soil growing media reduced germination up to 33 % in the Millittia ferruginea and 

this result was in line with the findings of (Parr and Taylor, 1982,). Similarly the lowest 
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value of germination recorded at 1000 PPm of hexavalent chromium reduced the 

germination potential of Ricinus communis by 30 % and Millittia ferruginea by (34 %) 

respectively. This result was also supported by the finding of Peralta, et al. (2001) found 

that 40 PPm of Cr (VI) reduced 23 % the ability of seeds of lucerne (Medicago sativa cv. 

Malone) to germinate and grow in the contaminated medium. Reduction of 32-57 % in 

sugarcane bud germination was observed with 20 and 80 PPm Cr, respectively (Jain, et 

al., 2000). 

 
The reduced germination of seeds under Cr stress could be depressive effect of Cr on the 

activity of amylases and on the subsequent transport of sugars to the embryo axes (Zeid, 

2001). Protease activity, on the other hand, increase with the Cr treatment, which could 

also contribute to the reduction in germination of Cr-treated seeds (Zeid, 2001). 
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Table  7 Least Square means for germination data with interaction 

  
_____________________________________________________________________ 
Treatments       Ddiff        GP(%)                PVG              MDG                 GV 
_____________________________________________________________________ 
 
     ECco        33±2.61a      89.58±8.86a       11.17±1.58a    1.38±0.21a     14.35±2.1a 
Cr3EC10        23±2.61a      95.83±8.86a       9.33±1.58a      1.09±0.21a    10.27±2.1b 
Cr3EC100      23±2.61a      72.92±8.86a       9.00±1.58a      0.83±0.21a     9.34±2.1b 
Cr3EC1000    23±2.61a      72.92±8.86a       10.00±1.58a    0.82±0.21b     8.10±2.1c 
      MFco      33.5±2.61a    92.71±8.86a        8.84±1.58a     0.56±0.21b     9.36±2.1b 
Cr3MF10       44±2.61a      93.75±8.86a        8.33±1.58a      1.07±0.21a     8.99±2.1a 
Cr3MF100     44±2.61a      85.42±8.86a        11.33±1.58a     1.18±0.21a     13.13±2.1a 
Cr3MF1000   44±2.61a      66.67±8.86b        9.33±1.58a       0.90±0.21a     8.26±2.1c 
     RCco        19.5±2.61c    95.84±8.86a       9.33±1.58a       0.87±0.21b     8.10±2.1c 
Cr3RC10        27±2.61b      83.33±8.86a        8.33±1.58b      0.74±0.21b     5.88±2.1c 
Cr3RC100      22±2.61b      93.75±8.86a        8.00±1.58b      0.94±0.21b     7.55±2.1c 
Cr3RC1000    27±2.61b      93.75±8.86a        8.33±1.58a      0.83±0.21b     7.06±2.1c 
Cr6EC10         43±2.61a      97.92±8.86a       12.67±1.58a    1.40±0.21a     18.10±2.1a 
Cr6EC100       43±2.61a      89.58±8.86a       9.67±1.58a      1.27±0.21a     11.60±2.1b 
Cr6EC1000     43±2.61a      22.92±8.86c        3.67±1.58 b     1.10±0.21a      3.56±2.1c 
Cr6MF10        44±2.61a      85.42±8.86a       7.33±1.58b       0.97±0.21b     7.69±2.1c 
Cr6MF100      44±2.61a      87.5±8.86a         9.67±1.58a      0.93±0.21b      9.11±2.1b 
Cr6MF1000    44±2.61a       70.83±8.86b       9.00±1.58a      0.81±0.21b      7.07±2.1c 
Cr6RC10        16±2.61c      89.58±8.86a       8.33±1.58a      0.86±0.21b      7.18±2.1c 
 Cr6RC100     21±2.61b      87.5±8.86a         8.33±1.58a      0.72±0.21b      5.84±2.1c 
Cr6RC1000    21±2.61b      91.67±8.86a       8.67±1.58a      0.83±0.21b      7.32±2.1c 
 ______________________________________________________________________ 
Note: Letters with the same superscript in the column are not statistically significant at 
(P≤0.05) level of significant 
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 4.3. Seedling Growth Parameters 

 4.3.1.Seedling Growth 
 
Plant growth and development are essential processes of life and propagation of the 

species. They are continous and mainly depend on external resources present in soil and 

air. Growth is chiefly expressed as a function of genotype and environment, which 

consists of external growth factors and internal growth factors. Presence of Cr in the 

external environment leads to changes in the growth and development pattern of the plant 

 

4.3.2.Shoot Length 
 

Shoot length is one of the most widely used parameter for seedling quality indicator in 

forestry and agriculture. It is also one of the most important parameter used for 

synchronization of plantation activities with nursery activities. The shoot length between 

the two chromium species was not significantly different at (P≤0.05) level of significant. 

However figuratively slight difference in the mean shoot length was observed in the 

seedlings grown in hexavalent Cr species (24.69 cm), which is lower than, mean shoot 

length for trivalent chromium species i.e (24.95 cm)(table,8) respectively. In general the 

shoot length among the three tree species was not significantly differed among each other. 

However the maximum shoot length was recorded in Millittia ferruginea (25.56cm) and 

the lowest value (24.21cm) (table,8) was recorded in Ricinus communis. However 

significant difference was recorded among chromium concentration levels applied at the 

main plots. This result was inline with the result found by Mertz (1969) who reviewed the 

positive effects on plant growth of chromium applications to soils having a low soluble Cr 

content. His finding concluded that, the elevated Cr content of soils in areas of high Cr 

content is known to be responsible for the poor growth of forest trees seedlings. 
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 From the(table,8) it was observed that there was a significant difference in shoot length 

among the treatments of the control (32.42 cm) and 10 PPm (27.43 cm) respectively at 

(P≤0.05). Generally the mean shoot length in chromium species was significantly differed 

among and between each other at (P≤0.05). 

 

The above result was inline with the study done by Anderson, et al. (1972) who observed 

11%, 22% and 41% reduction in plant height, respectively over control, when Cr (VI) was 

applied at 2,10 and 25 PPm to nutrient solutions in sand cultures in oats. In addition to 

this, reduction in plant height due to Cr (VI) was recorded on Curcumas sativus, Lactuca 

sativa and Panicum miliaceum was reported by (Joseph, et al., (1995). Baron, et al. 

(2000) observed that Cr (III) addition inhibited shoot growth in lucerne cultures. Sharma 

and Sharma (1993) reported that after 32 and 96 days, plant height reduced significantly 

in wheat Cv.UP 2003 in a glass house trial when sown in sand with 0.5µM sodium 

dichromate. 

 

Adverse effects of Cr on plant height and shoot growth have been reported (Rout, et al., 

1997). The reduction in plant height might be due to the reduced root growth and 

consequent lesser nutrients and water transport to the arial part of the plant. In addition to 

this, Cr transport to the arial part of the plant can have a direct impact on cellular 

metabolism of shoots contributing to the reduction in plant height. 

4.3.3. Root Length 
 

Root length is also one of the seedling growth parameter in addition to the above 

parmeters. The root length was not significantly differed between the two chromium 

species. The average root length of seedlings grown in the hexavalent chromium and the 

trivalent one is (24.19 cm) and (25.94 cm) respectively, figuratively the root length of 

trivalent chromium species is better than that of hexavalent chromium. In general the root 
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length of the three-tree species were not significantly differed among each other. The 

average root length of Eucalyptus camaldulensis is (25.81 cm) was better than Millittia 

ferruginea (25.28 cm) and Ricinus communis (24.10 cm) respectively. Besides, the root 

length was inversely related to the Cr concentration level applied from the control to the 

higher concentration i.e. (1000 PPm). 

 

At (P≤0.05) there was significant difference in root length between the control to 100 

PPm and 1000 PPm.The highest (30.19 cm) root length was recorded for the control 

where as the lowest one (17.43 cm) recorded for the 1000 PPm respectively. 

 

 In line with this result, studies by Panda and Patra (2000) found that 1µM of Cr increased 

the root length in seedlings grown under nitrogen (N) nutrient levels. However, higher Cr 

concentration decreases root length in all the nitrogen treatments. Anothger study by 

Samnteray, et al. (1999), with chromites mine spoil soil in five cultivars of mugabean, 

noted that, root growth was significantly affected in 28 days after emergence.  

4.3.4. Root Collar Diameter  
 
The root collar diameter is one of the biological parameter used to compare the 

performance of seedlings in the nursery. The root collar diameter growth was not 

significantly differed between the two chromium species (Cr3 and Cr6) at (P≤0.05). In 

general the root collar diameter of the three tree species was significantly different 

between and among each other.  

 

 The maximium (6.33 mm) root collar diameter was recorded for Ricinus communis and 

the lowest one (2.40 mm) for Eucalyptus camaldulensis (table,8) respectively. Overall 

significant differences were recorded between the control and different concentration 

levels of chromium species. Among the concentration levels the highest root collar 
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diameter was recorded for the control (5.33 mm) and the lowest one for 1000 PPm (3.49 

mm)(table,8) respectively. 

 

 The above result was supported by several autors; a decrease in root growth is well-

documented effect due to heavy metals in trees and crops (Breckle, 1991:Goldbold and 

Kettner, 1991;Thang, et al., 2001: Kloke, et al., 1984) reported that at a very low Cr 

content of 1 to 2 PPm (Dw) inhibited the growth of plant species. On the other hand, 

when the concentration was increased the toxicity effect was observed at higher 

concentrations particularly for 100 and 1000 PPm. 

 

General response of decreased root growth due to Cr toxicity could be due to inhibition of 

root cell division/ root elongation or root extension of cell cycle in the roots. Under high 

concentrations of both the Cr speciation combination, the reduction in root growth could 

be due to the direct contact of seedlings roots with Cr in the medium causing a collapse 

and sebsquent inability of the roots to absorb water from the medium (Barcelo, et al., 

1986). 

4.3.5.Leaf Area (LA) 
 
Leaf area is taken to be the total area present either per plant or per unit ground area 

(LAI). Leaf area was significantly different between the two chromium species. 

Figuratively, the leaf area of trivalent chromium (167.50 cm2) is slightly better than that 

of hexavalent chromium species (148.39 cm2) respectively, however statistically their 

difference was not significant. 

 

The leaf area of Ricinus communis (171.43 cm2) was higher than that of the two (132.88 

cm2) for Eucalyptus camaldulensis and (169.54 cm2) for Millittia ferruginea (table, 8) 

respectively. This is due to broad-leaved nature of the species. Besides, the leaf area of 
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Eucalyptus camaldulensis was significantly differed from Ricinus communis at (P≤0.05). 

However the leaf area of Eucalyptus camaldulensis and Millittia ferruginea, Ricinus 

communis and Millittia ferruginea were not significantly different among each other at 

(P≤0.05). 

 

The leaf area was inversely proportional to the Cr concentration level applied in 

increasing order of magnitude. The highest leaf area was recorded at the control (234.02 

cm2) and the lowest (76.54 cm2) leaf area was observed at the higher Cr concentration 

level (1000 PPm)(table, 8) of hexavalent chromium species respectively. The leaf area 

was also significantly different between the control to 10 PPm, 100 PPm and 1000 PPm 

respectively and vice versa at (P≤0.05). 

 

In a study on the effect of Cr (III) and Cr (VI) on spinach, Singh (2001) reported that Cr 

(VI) applied at 60 mg kg-1 and higher levels reduced the leaf size, caused burning of leaf 

tips or margin and reduced leaf growth rate. Jain, et al. (2000) observed leaf chlorosis at 

40 PPm Cr (VI) that turned to necrosis at 80 PPm Cr (VI). In a study with several heavy 

metals, Pedreno, et al. (1997) found that Cr had a pronounced effect on leaf growth and 

preferably affected young leaves in tomato plants. Reduction in leaf biomass was 

correlated with the oxalate acid extractable Cr in P.vulgaris by Poschenrieder, et al. 

(1993). Canopy photosynthesis appears to be increase symmetrically with increase in 

LAI, on the other hand LAI is directly proportional to leaf area. 

 

4.3.6.Moisture Content of Root and Shoot (%) 
 

 Seedling shoot and root moisture content were different to each other. Moisture content 

of roots (85.42 %) is much higher than that of shoots (81.91). This was due to the average 

biomass of the shoots was higher than that of the roots. Seedling shoot and root moisture 
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content of each species differed significantly among the type of tree species, plant parts 

and the concentration of chromium applied to the main plots. 

 

 Moisture content of the two chromium species was not significantly differed among each 

other. Figuratively the moisture content of trivalent chromium (85.91 %) was higher than 

that of the hexavalent chromium species (85.25)(table,8) respectively however 

statistically was not. Among the tree specie seedlings, Ricinus communis (91.43 %) has 

the highest percentage of root moisture content than Eucalyptus camaldulensis (85.87 %), 

and Milllittia ferruginea (79.44 %)respectively. This is may be due to the fast growing 

nature of the species and hollow stem nature absorbs more water from the soil media than 

the two species. The percentage of root moisture content of most of the treatments was 

not significantly differed among the subplots. However significant difference was 

recorded between the control and 1000 PPm, 10 PPm and 1000 PPm, and finally the 100 

PPm and 1000 PPm and vice versa. The highest percentage of root moisture content is 

recorded at 1000 PPm i.e, 88.19 %. While the moisture content of the other three 

treatments from the control to 100 PPm is almost similar and statistically not significant at 

(P≤0.05). 

  

Percentage of moisture content of shoot tells us the amount of water stored in the above 

ground biomass of the seedling. Moisture content of shoot was significantly differed 

among the treatments. Moisture content was directly proportional to the Cr concentration 

levels applied to the main plots. The highest moisture content of shoot was (91.56 %) was 

recorded at Ricinus communis 1000 PPm for trivalent Cr followed by (90.21 %) of 1000 

PPm of hexavalent Cr of the same tree species respectively. However the lowest value 

(73.5 %) was recorded at 10 PPm of Millittia ferruginea followed by (73.73 %) in 10 

PPm of hexavalent chromium of the same tree species 
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Water Relations of Chromium. 

 

Wilting of various crops and plant species due to Cr toxicity has been reported Turner and 

Rust (1971), but little information is available on the exact effect of Cr on water relations 

of higher plants. Barcelo, et al. (1985) observed a decrease in leaf water potential in Cr 

treated bean plants. Excess Cr decreased the water potential and transpiration rates and 

increased diffusive resistance and relative water content in leaves of cauliflower 

(Chatterjee and Chatterjee, 2000). Decreased turgor and plasmolysis was observed in 

epidermal and cortical cells of bush bean plants exposed to Cr (VI) (Vazques, et al., 

1987). Toxic levels of Cr in beans were found to decrease tracheary vessel diameter, there 

by reducing longitudinal water movement (Vazques, et al., 1987). Impaired spatial 

distribution and reduced root surface of Cr-stresses plants can lower the capacity of plants 

to explore the soil surface for water.  
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Table   8 Least Square means for the main plots concerning seedling growth parameters (SL, RCD, 
RL, CA, LA, Frwt, McRp, Frswt)± SE. 

_____________________________________________________________________                     
Main plots           No.          SL (cm)             RCD (mm)     RL (cm)         CA(cm2)      
_____________________________________________________________________ 
Cr3                 272            24.69±0.55a        4.51±0.1b        25.94±0.75 a   384.55±15.76b 
Cr6                 272            24.95±0.57a        4.68±0.1a        24.19±0.79a     418.55±16.42a 
EC                   272           24.56±0.74a        2.4±0.13c        25.81±1.02b     326.36±21.29b 
MF                  272           25.56±0.74a        5.15±0.12b      25.28±0.91a      428.33±19a 
RC                   272           24.21±0.66a        6.33±0.12a      24.28±0.91a      449.97±19a 
Control            272           32.42±0.76a        5.33±0.14a       30.19±1.05a      431.15±21.94a 
10 PPm            272           27.43±0.76b        5.07±0.14a       27.35±1.05a     146.67±21.94b 
100 PPm          272           23.08±0.76c        4.62±0.14b       25.29±1.05b      149.71±21.94c 
1000 PPm        272           16.36±0.88d        3.49±0.16c       17.43±1.22c     49.28±25.4d 
Overall mean   272            25.33                 4.82                   25.5                 414.43 
C.V                                    25.6                   24.36                 34.95                     - 
_____________________________________________________________________ 
Table Continued 
________________________________________________________________________ 
Main plots     NO.            LA                    Frwt(g),               McR(%),                    FSwt(g) 
________________________________________________________________________ 
Cr3                        272       167.50±7.26a      3.20±0.17a          85.91±0.43a    8.42±0.4a 
Cr6                        272        148.40±7.57a     2.55±0.17a           85.25±0.45a             7.99±0.42a 
EC                 272       132.88±9.82b      1.43±0.23b          85.87±0.58b             4.91±0.54c 
MF                272       169.54±8.76a      3.39±0.2a            79.44±0.52c              6.44±0.48b 
RC                 272       171.43±8.76a      3.8±0.2a              91.43±0.52a             13.29±10.48a 
Control           272       234.02±10.12a    4.2±0.23a           84.7±0.61c               11.28±0.56a 
10 PPm           272      174.93±10.12b     3.13±0.23bc        84.75±0.61bcd           9.84±0.56ab 
100 PPm         272      146.30±10.12c     2.80±0.23c         84.69±0.61d              7.62±0.56b 
1000 PPm       272      76.54±11.75d       1.38±0.27d         88.19±0.7d               4.12±0.65a 
Overall Mean  272      164.5                   3.06                    85.42                        8.66 
C.V 
_____________________________________________________________________ 
Note: The same letters with superscript in the column are not statistically significant at P≤ 
0.05 level of significant student t distribution 
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Table  9 Least Mean square value of seedling growth parameters with interaction 
____________________________________________________________________ 
 Treatments    NO     Sl (cm)           RCD(mm)         Rl(cm)            CA(cm2)  
____________________________________________________________________     
      ECco       12       31.50±1.87a       3.07±0.34e       30.04±2.52a     403.04±50.89e 
Cr3EC10       12       29.58±1.87a        2.67±0.34f       27.17±2.52a      412.58±50.89d 
Cr3EC100     12       21.75±1.87c       2.33±0.34f       24.83±2.52b      300.17±50.89e 
Cr3EC1000    8        15±3.0d              1.88±0.34f        24.75±2.52b      277.63±50.89e 
       MFco      12       34.05±1.87a       5.75±0.34b       31.75±2.52a       516.57±50.89b 
Cr3MF10      12        26.67±1.87a        5.58±0.34b      30.42±2.52a      491.83±50.89b 
Cr3MF100    12        25.42±1.87b       5.21±0.34c       25.5±2.52b        371.17±50.89e 
Cr3MF1000  12        17.67±1.87c       3.88±0.34d       17±2.52b           262.08±50.89e 
      RCco        12       31.71±1.87a       7.19±0.34a        28.80±2.52a      675.66±50.89b 
Cr3Rc10       12         24±1.87b            6.67±0.34c        23.42±2.52b      403.5±50.89d 
Cr3RC100    12         21.42±1.87c       6.29±0.34b        27.5±2.52a        426±50.89d 
Cr3RC1000  12         15±1.87d            4.79±0.34c        16.75±2.52c      226.67±50.89f 
Cr6EC10      12          27.92±1.87b       2.92±0.34e       30.67±2.52a      352.17±50.89e 
Cr6EC100    12          22.67±1.87c       2.21±0.34f       23.58±2.52b      311.33±50.89e 
Cr6MF10     12          27.33±1.87b       5.92±0.34b       26.75±2.52a      583.96±50.89b 
Cr6MF100   12          23.17±1.87b        5.25±0.34c       28.75±2.52a      495.75±50.89b 
CrMF1000   12         14.29±1.87d        3.83±0.34e       10.33±2.52c      88.75±50.89f 
Cr6RC10      12         26.08±1.87b        6.67±0.34a       25.67±2.52b      432.42±50.89d 
Cr6RC100    12         24.08±1.87b        6.42±0.34a         21.58±2.52b      373.83±50.89d 
Cr6RC1000  12         19.67±1.87c        5.46±0.34b      10.33±2.52b      389.67±50.89d 
Overall, mean             25.33                    4.82                25.49                  414.43 
________________________________________________________________________ 

 

 

 

 

 

 

 

 



 44

Table continued 

_____________________________________________________________________ 
Treats      LA(cm2)               Frwt(g)         McRp(%)           Fswt(g)                McSp(%) 
_____________________________________________________________________  
T1(con)195.54±23.71b      2.19±0.56c      84.20±.43b        7.14 ± 1.33c        78.75±0.99d 
T2        156.18±23.71b      1.56±0.56d       85.37±1.43b      6.08 ± 1.33c        80.04±0.99c 
T3        109.58±23.71c      1.96±0.56d       85.61±1.43b       4.62 ± 1.33d        79.77±0.99c 
T4        180.42±29.04c      1.48±0.56d       88.24±1.43b       68 ± 1.33d           80.97±0.99c 
T5(con)264.06±23.71a      5.66±0.56a       79.89±1.43c       8.37± 1.33b         75.82±0.99d 
T6        240.94±23.71a      3.62±0.56c       75.60±1.43d       9.04± 1.33c         73.5±0.99e 
T7        223.46±23.71b      3.02±0.56c        76.20±1.43d       7.29 ± 1.33c        74.86±0.99d 
T8        157.29±23.71d      1.46±0.56d        84.47±1.43b       3.45 ± 1.33d        82.05±0.99c 
T9(con)242.31±23.71a       4.75±0.56b      90.00±1.43a       18.20 ± 1.33a       87.27±0.99b 
T10      167.13±23.71b      4.54±0.56b       93.32±1.43a       13.67 ± 1.33b       89.74±0.99a 
T11      165.35±23.71b      3.86±0.56b        93.4±1.43a        11.38 ± 1.33b       89.75±0.99a 
T12      97.27±23.71c        2.56±0.56c        93.44±1.43a       6.56 ± 1.33c        91.56±0.99a 
T13      156.69±23.71b      1.61±0.56d         85.61±1.43b       5.56 ± 1.33d        81.44±0.99c 
T14      133.41±23.71c      1.28±0.56d        85.41±1.43b        5.09± 1.33d        81.8±0.99c 
T15      178.01±23.71b      3.53±0.56c        77.99±1.43d         8.35± 1.33c       73.73±0.99e 
T16       88.82±23.71c       3.09±0.56c        76.73±1.43d         5.04± 1.33d        73.31±0.99e 
T17      39.59±23.71d        1.1±0.56d          84.78±1.43b        11.62± 1.33e       78.87±0.99d 
T18      50.64±23.71b        3.89±0.56b        90.66±1.43a        16.34± 1.33a       88.5±0.99b 
T19      157.21±23.71b      3.60±0.56c        90.80±1.43a        12.29± 1.33b       88.9±0.99a 
T20      157.21±23.71b       2.47±0.56c       89.85±1.43a         9.68± 1.33c        90.21±0.99a 
MM       164.49                   3.05                85.42                    8.70                       81.91 
 ___________________________________________________________ 
 
Note: Letters with the same superscript in the column are not statistically significant at 
(P≤0.05) 
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4.4.Seedling growth parameters per species  

4.4.1.Eucalyptus camaldulensis 
 

 
 
Photo 3:Effect of Cr (VI) on Eucalyptus camaldulensis 
  
4.4.1.1.Shoot Length 
 
There was significant difference in shoot length of Eucalyptus camaldulensis among the 

treatments at (P≤0.05). The difference was significant between 100 PPm of hexavalent 

chromium and 1000 PPm of trivalent chromium species to the control and 100 PPm of the 

two chromium species to the other treatments respectively and viceversa. However, the 

difference was not significant between the control and 10 PPm of both chromium species.   
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The maximum (32.17 cm) shoot length was recorded at the control of chromium    (figure, 

5). However the lowest one (15 cm) was recorded at 1000 PPm of trivalent Cr followed 

by  (22.67 cm)(figure, 5) of 100 PPm for hexavalent chromium species respectively.  

 

From the (figure, 5) below it was evident that the trivalent chromium has no significant 

impact on height growth at the lower concentration levels, but when the concentration 

level increases in the soil growing media its impact has become evident. 

Figure 5 Height growth of Eucalyptus camaldulensis 
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4.4.1.2.Root Length 
 
The treatments of root lenght of Eucalyptus camaldulensis were not significantly differed 

among the treatments at (P≤0.05). 
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 The highest root length (31.75 cm) was recorded at the control of chromium followed by 

(30.67 cm) of 10 PPm for hexavalent chromium species respectively. However the lowest 

value (23.58 cm) was recorded at 1000 PPm of hexavalent chromium followed by (24.75 

cm) of 1000 PPm for trivalent Cr species respectively. At the highest concentration level, 

trivalent chromium species has brout an impact in root length. 

Figure  6 Root length (cm) for Eucalyptus camaldulensis 
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4.4.1.3.Root Collar Diameter  
 

 In most of the treatments of Eucalyptus camaldulensis the root collar diameter was not 

significant. However significant difference was recorded between the control of Cr 

compared to 10 PPm of the two chromium species and 100 PPm of trivalent chromium 

species respectively. 
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The maximum root collar diameter (3.07 mm) was observed at the control chromium 

followed by (2.92 cm)  (figure, 7) of the 10 PPm for hexavalent Cr species respectively. 

However, the lowest (1.87 mm) root collar diameter was recorded at 1000 PPm of 

trivalent chromium followed by (2.21 mm)(figure, 7) for hexavalent chromium species 

respectively. This result showed that at the highest concentration level trivalent chromium 

has also brought an impact in seedling root collar diameter of the species. 

 Figure 7 Root collar diameter growth (mm) Eucalyptus camaldulensis 
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4.4.1.4.Leaf Area (LA) 
 
Most of the treatments of leaf area of Eucalyptus camaldulensis were not significantly 

differed among each other. However significant difference was observed between both 10 

PPm of the two chromium species and the control to all the other treatments. At lower 

concentration levels applied both trivalent and hexavalent chromium species did not 
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brought any significant impact. However at higher concentration levels they brought an 

impact. 

 

From (figure,8) below the highest value of leaf area (195.65 cm2) was recorded at the 

control of chromium followed by (156.69 cm2) of the 10 PPm for hexavalent and trivalent 

chromium species respectively. However the lowest leaf area (109.58 cm2) was recorded 

at 100 PPm of trivalent chromium followed by (133.41 cm2) of 100 PPm for hexavalent 

chromium species respectively. 

Figure 8 Leaf area of Eucalyptus camaldulensis 
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4.4.1.5.Moisture Content of Root and Shoot (%)  
 
 The fresh root weights of most of the treatments of Eucalyptus camaldulensis were not 

significantly differed among each other. However significant difference was observed 

between the 1000 PPm of trivalent chromium and 100 PPm of hexavalent chromium 

species to all the other treatments and viceversa. The highest (88.24 %) root moisture 

content was recorded at 1000 PPm of hexavalent chromium followed by (85.61 %) of 100 
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PPm of trivalent chromium species and 10 PPm of hexavalent chromium species 

respectively. Howeve the lowest value (84.20 %) of root misture content was recorded at 

the control of chromium. 

 

Besides to this, the shoot moisture content of most of the treatments of Eucalyptus 

camaldulenis was not significantly differed among each other. However significant 

difference was observed between the control of Cr to all the other treatments. 

 

From the (figure, 9) below the highest (81.8 %) of moisture content of shoot was recorded 

at 100 PPm for hexavalent chromium followed by (81.44 %) of 10 PPm for the same 

chromium species respectively. This has an inverse trend to the other growth parameters. 

On the other hand, the lowest shoot moisture content (79.21 %) was recorded at the 

control of trivalent chromium species followed by (79.77 %) at the 10 PPm of trivalent 

chromium respectively. Increasing chromium toxicity implies increasing water uptake but 

reduction in height growth. 
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Figure 9, shoot and root moisture content (%) for Eucalyptus camaldulensis species 
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 4.4.2. Seedling growth parameters with particular to Millittia 

          ferruginea 

 
 
Photo 4:The impact of Cr (VI) on Millittia ferruginea seedlings 
 
4.4.2.1. Shoot Length 
 
Significant difference in shoot length of Millittia ferruginea was observed among the 

treatments at (P≤0.05).  

 

The maximum shoot length (34.05 cm) of the two Cr species was recorded at the control 

of chromium followed by (27.33 cm) (figure, 13) 10 PPm of hexavalent chromium 

species respectively. On the contrary, the lowest value (14.29 cm) in shoot length was 

recorded at 1000 PPm of hexavalent chromium followed by (17.67 cm) of 1000 PPm for 

trivalent chromium species respectively. 
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 From (figure, 14) below a clear distinction in shoot length was observed between the 

treatments. The peak values represent the maximum shoot length where as the lower 

values was observed at lower margins of higher chromium concentration levels. As a 

result it understood that the trivalent chromium species has no significant impact in shoot 

length at the lower concentration, but when the concentration level in the growing media 

was higher its impact in seedling shoot length was higher.  

 Figure 10 Shoot length (cm) for Millittia ferruginea  
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4.4.2.2.Root Length. 
 
The root length of Millittia ferruginea is different from Eucalyptus camaldulensis is that 

it was significantly differed among the treatments. The difference was significant at the 

100 PPm of trivalent chromium compared to the other treatments and 1000 PPm of both 

trivalent and hexavalent chromium species to all the other treatments. However the 

difference was not significant between the control of Cr and to the 10 PPm of both 

trivalent and hexavalent chromium species respectively. 

 

The highest root length (31.75 cm) was recorded at the control of Cr followed by (30.42 

cm) of the 10 PPm of trivalent chromium species respectively. However the lowest root 

length (10.33 cm) was recorded at the 1000 PPm of hexavalent chromium species 

followed by (17 cm) of 1000 PPm of trivalent chromium species respectively.  

 

Figure  11 Root length (cm) for Millittia ferruginea 
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4.4.2.3.Root Collar Diameter  
 
The root collar diameter of Millittia ferruginea was significantly differed among the 

treatments. This difference was observed between the 1000 PPm of both trivalent and 

hexavalent chromium species to all the other treatments. However the difference was not 

significant between the control of the chromium to the 10 PPm of both trivalent and 

hexavalent chromium species respectively, and 100 PPm of the two chromium species 

compared among eachother.  

 

From the (figure, 12) below, the maximum value (5.92 mm) root collar diameter growth 

was recorded at the 10 PPm of hexavalent chromium species followed by (5.75 mm) for 

the control of Cr. However the lowest (3.83 mm) root collar diameter was recorded at 

1000 PPm of hexavalent chromium species followed by (3.88 mm) of 1000 PPm of 

trivalent chromium species respectively. 

 

 From the result, it was showed that at the highest concentration level both of the 

chromium species brought an impact in seedling root collar diameter growth of the 

species eventhough the impact of hexavalent chromium species was stronger.                     
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Figure  12 RCD (cm) for Millittia ferruginea  
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4.4.2.4.Leaf Area    
 
 From the (figure, 13) below significant difference in leaf area was observed among the 

treatments. The difference was observed between the control chromium together with the 

10 PPm of trivalent chromium species to the other treatments. However the difference 

was not significant between the controls of chromium to 10 PPm of trivalent chromium 

species respectively and viceversa. 
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The highest leaf area (264.06 cm2) was recorded at the control of chromium followed by 

(240.94 cm2)(figure, 13) of the 10 PPm for the trivalent chromium species respectively. 

On the contrary, the lowest leaf area (39.59 cm2) was recorded at 1000 PPm of hexavalent 

chromium species followed by (88.82 cm2) of 100 PPm for the same chromium species 

respectively.  

 

The lowest leaf area implies lower surface area for photosynthesis. This brought reduction 

in seedling growth such as height, root collar diameter, root length, and both green and 

dry biomass. 

Figure 13 Leaf area of Millittia ferruginea 
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 4.2.5.Moisture Content of Root and Shoot 

 
The root moisture of Millittia ferruginea was significantly differed among the treatments. 

Significant difference was observed between the control to 1000 PPm and the intermidiate 

concetration levels of the two chromium species respectively. 

 

In addition to this, significant differce was recorded between the control of Cr and 1000 

PPm of both trivalent and hexavalent chromium species to all the other treatments. 

However the diference was not significant between the control of Cr and 100 PPm of 

hexavalent chromium species and viceversa. 

 

From the (figure, 14) below the highest (84.78 %) value of root moisture content was 

recorded at 1000 PPm of hexavalent chromium species followed by (84.47 %) of 1000 

PPm of trivalent chromium species respectively. However the lowest value of root 

moisture content (75.6 %) was recorded at 10 PPm of trivalent chromium species 

followed by (76.20 %) of 100 PPm of the same chromium species respectively.  

 

In similar way the highest (82.05 %) percentage of moisture content of shoot was 

recorded at 1000 PPm of trivalent and (78.87 %) of hexavalent chromium species 

respectively. However the lowest (73.31 %) moisture content was recorded at the 10 PPm 

of hexavalent chromium species followed by (73.5 %) at the 10 PPm trivalent chromium 

species respectively.  
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Figure  14 Moisture content of Millittia ferruginea 
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4.4.3.Seedling growth parameters for Ricinus communis 
 

 
 
Photo 5:The impact of Cr (VI) on Ricinus communis 
 
4.4.3.1. Shoot Length   
 
Significant difference in shoot length of Ricinus communis species was observed among 

the treatments at (P≤0.05). From the (figure, 15) below it was observed that shoot length 

was significantly differed between the control of Cr to 10 and 100 PPm of the two 

chromium species, finally 1000 PPm of the two chromium species to all the other 

treatments and vice versa. However, shoot length was not significantly differed between 

the control of Cr to 10 and 100 PPm, and between 1000 PPm of the two chromium 

species respectively. 
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The maximum (31.71 cm) shoot length was recorded at the control of chromium followed 

by (26.08 cm) (figure, 15) of the 10 PPm of hexavalent chromium species respectively. 

On the contrary, the lowest (15 cm) shoot length was recorded at 1000 PPm of trivalent 

followed by (19.67 cm) for hexavalent chromium species respectively. 

 

Figure  15  Shoot length (cm) for Ricinus communis  
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4.4.2.2.Root Length 
 
The root length of Ricinus communis was differed significantly among the treatments. 

This was observed between the 10 and 100 PPm of trivalent chromium and 1000 PPm of 

hexavalent chromium species to all the other treatments and 1000 PPm of both trivalent 

chromium species to all the other treatments and viceversa. However the difference was 
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not significant among the treatments of the control of chromium to 100 PPm of trivalent 

and 10 PPm of hexavalent, 10 PPm of trivalent to 100 and 1000 PPm of hexavalent 

chromium species respectively.  

 

From the (figure, 16) below the highest value (28.80 cm) root length was observed for the 

control of Cr followed by (27.5 cm) of the 100 PPm for trivalent chromium species 

respectively. However the lowest value (16.75 cm) was observed at 1000 PPm of the 

same chromium species followed by (20.33 cm) at 1000 PPm of hexavalent chromium 

species respectively.  

  

Figure  16 Root length (cm) for Ricinus communis. 
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4.4.3.2.Root Collar Diameter     
 
The root collar diameter of Ricinus communis was differed significantly among the 

treatments. This significant difference was observed between the control of Cr to 10 PPm 

of both trivalent and hexavalent chromium species and 100 PPm of hexavalent chromium 

species to all other treatments and viceversa. However the difference was not significantly 

differed between 100 PPm of trivalent and 1000 PPm of hexavalent Cr species plus 1000 

PPm of trivalent to all the other treatments respectively. 

 

 From (figure, 17) below the highest value of (7.19 mm) root collar diameter was 

observed at the control of Cr followed by (6.67 mm) for 10 PPm of both trivalent and 

hexavalent chromium species respectively. However the lowest (4.79 mm) root collar 

diameter was recorded at 1000 PPm of trivalent and followed by (5.46 mm)(figure, 18) 

for 1000 PPm of hexavalent chromium species respectively. This result showed that at the 

highest concentration level both trivalent and hexavalent chromium species brought a 

significant impact in root collar diameter of Ricinus communis. 
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Figure 17 RCD For Ricinus communis  
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4.4.3.4.Leaf Area   
 
Leaf area of the Ricinus communis was significantly differed among each other. From the 

(figure, 18) below it was observed that there was a significant difference in leaf area was 

observed between the control of chromium to all the other treatments, 10 and 100 PPm of 

the two chromium species plus 1000 PPm of hexavalent chromium species to all the other 

treatments and finally 1000 PPm of trivalent chromium species to all the other treatments 

and viceversa. However the difference was not significantly differed between the control 

of the chromium to 10 PPm and 100 PPm of both trivalent and hexavalent and 1000 PPm 

of hexavalent chromium species respectively. 
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The highest leaf area (243.31 cm2) was recorded at the control of chromium followed by 

(165.35 cm2) of the 10 PPm for trivalent chromium species (figure, 18) respectively. 

However, the lowest leaf area (97.3 cm2) was recorded at 1000 PPm of trivalent 

chromium followed by (149.57 cm2)(figure, 18) of 1000 PPm for hexavalent chromium 

species respectively.  

Figure 18 Leaf area of Ricinus communis 
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4.4.3.5. Moisture Content of Root and Shoot  
 
Moisture content of Ricinus communis is significantly differed among the treatments. The 

difference was recorded between the control of chromium and 10 PPm of hexavalent 

chromium species to all the other treatments. However the difference was not significant 

between 10 and 100 PPm of trivalent and 100 and 1000 PPm of hexavalent chromium 

species and the control of Cr to 10 PPm of hexavalent chromium species respectively. 
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From the (figure, 20) below the highest percentage of moisture content of shoot was 

recorded at 1000 PPm of (91.66 %) trivalent followed by (90.12 %) 1000 PPm of 

hexavalent chromium species respectively. On the contrary, the lowest moisture content 

of shoot (87.27 %) was recorded at the control of Cr followed by (87.41 %)of 10 PPm 

trivalent chromium species respectively (figure, 20). In similar way, the highest moisture 

content of root (93.44 %) was recorded at 1000 PPm of trivalent chromium followed by 

(93.4 %) of 100 PPm for the same chromium species however the lowest root moisture 

content (89.47 %) was recorded at the control of hexavalent chromium species 

respectively. 

Figure  19 shoot and root moisture content (%) 
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 4.5. Seedling Quality Parameters  

   4.5.1. Sturdiness index(SI) 

  
Sturdiness index or sturdiness quotient is one of the seedling quality parameter  

measurement.It is the ratio of seedling height(cm) divided by root collar diameter(mm). 

Seedlings with sturdiness quotient between 1 up to 6 are classified as quality seedlings 

and they have high probability of establishment in degraded sites if plantation is done 

than those species with sturdiness quotient greater than 6.  

 

Sturdiness index of the two chromium species was not significantly differed among 

eachother. Trivalent chromium species has sturdiness quotient of 6 (table, 10), this is with 

in the acceptable range in the seedling quality parameters however for hexavalent 

chromium species has a sturdiness quiet of 6.5 (table, 10) this implies the seedlings were 

not quality this is may be due to the toxicity effect of the hexavalent chromium species. 

 

  At (P≤0.05) sturdiness index was significantly differed among and between the three tree 

species.  Highest sturdiness quotient is recorded for Eucalyptus camaldulensis (10.87) 

followed by Millittia ferruginea (4.95) and the lowest (3.76) sturdiness index was 

recorded for Ricinus communi respectively. Highest sturdiness index implies not always 

refers to non-quality seedlings. From the (figure, 20) below it was showed that Eucalyptus 

camaldulensis has higher SI it leads to the conclusion of non quality seedling however 

from physical observation and other quality parameters was taken into consideration it 

was not differed from other species seedlings. 

 

 On the other hand, the difference in sturdiness index was not significant among the sub 

plots. Sturdiness index was inversely proportional to the chromium concentration level 
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applied to the main plots.i.e highest sturdiness index was recorded at the control (7.04) 

where as the lowest one was recorded at 100 PPm (5.78)(figure, 20).  

 

Figure 20 Sturdiness indexes of the three tree species seedlings. 
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 4.5.2 Vigerousity Index (VI) 

  Vigerousity index is also one of the seedling quality parameter measurements. Seedlings 

with higher vigerousity index are more vigerous than seedlings with lower vigerousity 

index. Vigerousity index of the two chromium species were not significantly differed 

among each other statistically however numerically vigorousity index of trivalent 

chromium (37.84) was greater than that of hexavalent chromium (36.61) species this 

showed seedlings of trivalent chromium species were more vigorous and quality than that 
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of hexavalent chromium species respectively. At (P≤0.05) significant difference in 

vigorousity index were observed between Eucalyptus camaldulensis to Millittia 

ferruginea and Ricinus communis and viceversa. However, the difference was not 

significant between Millittia ferruginea to Ricinus communis and viceversa. 

 Between the trees species the vigorous index of Ricinus communis was higher than the 

two i.e. (40.43) where as the vigerousity index of Millittia ferruginea (39.46), and 

Eucalyptus camaldulensis  (31.79)(figure, 21) respectively. 

Vigerousity index was significantly differed among the subplots. But, it was inversely 

proportional to chromium concentration level applied to the main plots. It was showed 

that a decreasing order from the control to 1000 PPm.The vigerousity index was 

significantly differed among and between the chromium concentration levels used. 

 The highest value of VI was recorded (47.98) was recorded at the control followed by 

(41.65) at 10 PPm. Howeve the lowest value (22.91) was recorded at 1000 PPm followed 

by (36.37) at 100 PPm respectively. 
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Figure 21 Vigerousity indexes of three tree species seedlings 
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Table 10  Least Square means for the main plots for seedling quality parameters ( SI and VI) 

_____________________________________________________________________                     
  Main plots                                SI                                                        VI 
_____________________________________________________________________                     
Cr3                                          6.42 ±0.22a                                         37.84±1.04a 
Cr6                                          6.63 ±0.22a                                         36.61±1.09a 
EC                                          10.87 ±0.29a                                        31.79±1.41b 
MF                                          4.95 ±0.26b                                         39.46±1.26a 
RC                                          3.76 ±0.26c                                          40.43±1.26a 
Control                                    7.04±0.3a                                            47.98±1.45a 
10 PPm                                    6.62±0.3ab                                           41.65±1.45b 
100 PPm                                  6.67±0.3ab                                           36.37±1.45c 
1000 PPm                                5.78±0.35b                                           22.91±1.68d 
Overallmean                            6.31                                                      38.41 
____________________________________________________________________ 



 71

  Note: The same letters with superscript in the column are not statistically significant at 
P≤0.05. 
Table  11 Least Square means for the seedling quality parameters with interaction 

____________________________________________________________________ 
Treats                                SI                                                            VI                     
_____________________________________________________________________ 
 ECco                              10.67±0.73b                                   39.84±3.50b       
Cr3EC10                         11.37±0.73b                                    35.11±3.50b      
Cr3EC100                       9.83±0.73 b                                    30.24±3.50c      
Cr3EC1000                     9.26±0.73b                                     7.83±3.50c      
MFco                               5.99±0.73c                                     51.50±3.50a   
Cr3MF10                        5.34±0.73c                                     47.11±3.50a     
Cr3MF100                      4.87±0.73c                                      39.10±3.50b      
Cr3MF1000                    4.66±0.73c                                      24.16±3.50c      
RCco                              4.45±0.73c                                     52.04±3.50a     
Cr3RC10                         3.61±0.73d                                     40.43±3.50b     
Cr3RC100                       3.33±0.73d                                     41.64±3.50b      
Cr3RC1000                     3.14±0.73d                                     24.53±3.50c     
Cr6EC10                         10.89±0.73b                                   39.16±3.50b     
Cr6EC100                       13.79±0.73a                                   28.71±3.50c    
Cr6MF10                        4.61±0.73c                                     43.10±3.50b     
Cr6MF100                      4.47±0.73c                                     43.55±3.50b     
Cr6MF1000                    3.67±0.73d                                     15.77±3.50d     
Cr6RC10                         3.90±0.73d                                      44.99±3.50a     
Cr6RC100                       3.74±0.73d                                     35.04±3.50b     
Cr6RC1000                     3.46±0.73d                                     31.55±3.50c      
Mean of mean                 6.31                                                38.41               
 
_____________________________________________________________________ 
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4.7. Uptake and Phytoaccumulation of Chromium 

 
Results and Discussion 
The plant sample collected during the time of experiment has been analyzed separately for 

each species and the roots and shoots were analysed for total chromium storage capacity 

to assessing the effects of chromium on growth of the plants. 

 

Response of the Three Tree species Seedlings 

 4.7.1. Eucalyptus camaldulensis 
 
 4.7.1.1.Shoots  
 
There was no significant difference in the uptake of chromium for trivalent Cr species 

uptake between control up to 100 PPm and viceversa. The maximum trivalent Cr 

accumulation in shoots (163.60 µg g-1DW) (table, 12) was recorded at 1000 PPm of 

trivalent Cr species followed by (90.31 µg g-1DW) of 100 PPm of the same Cr species 

respectively. However the maximum hexavalent Cr accumulation (22.27 µg g-1DW) was 

recorded at 100 PPm of hexavalent chromium species followed by (17.60 µg g-1DW) of 

10 PPm for the same chromium species respectively. Among the two chromium species 

applied to the soil growing media shoots of Eucalyptus camldulensis accumulated on 

average more of trivalent chromium species (73.94 µg g-1 DW) than that of hexavalent 

(13.94 µg g-1 DW) chromium species respectively. 

 

 Neverthless, Cr accumulation capacity of the shoots was linearly correlated to Cr 

application in the soil growing media. Corresponding accumulation of total Cr with 

regards to control, 10 PPm, 100 PPm and 1000 PPm were 3.94<26.77<56.29<163.60, µg 
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g-1DW (table, 12) respectively. This showed that increasing chromium concentration in 

the soil growing media results increasing uptake of Cr by the Eucalyptus Camaldulensis. 

 

 4.7.2.2 Roots 
 
The total uptake of Cr (64.88 and 62.65 µg g-1DW)(table, 12) for the roots and shoots 

respectively. Numerically difference was observed among the Cr accumulation potential 

of roots and shoots however statistically was not. 

 

Significance difference in total Cr accumulation of the roots was recorded among the 

treatments at (P≤0.05). This difference was recorded among the 1000 and 100 PPm of 

trivalent Cr species to all the other treatments, and viceversa. The maximum Cr 

accumulation (158.20 and 114.89 µg g-1DW)(table, 12) was recorded at 1000 PPm and 

100 PPm of trivalent Cr species respectively. However among the hexavalent chromium 

species applied to the soil growing media significant difference in root Cr accumulation 

was recorded between 100 PPm to the control of Cr and 10 PPm respectively. Besides to 

this, the highest value of hexavalent Cr (19.33 µg g-1DW) accumulated in the root was 

recorded at 100 PPm of hexavalent chromium species followed by (16.49 µg g-1DW) of 

10 PPm for the same chromium species respectively. Between the two chromium species 

applied to the soil growing media roots of Eucalyptus camldulensis accumulated on 

average more of trivalent chromium (80.84 µg g-1 DW) than that of hexavalent (12.51 µg 

g-1 DW) chromium species respectively.  

 

Neverthless, Cr accumulation capacity of the roots was linearly correlated to Cr 

application in the soil growing media.  Corresponding accumulation of total Cr with 

regards to control, 10 PPm, 100 PPm and 1000 PPm were, (4.68<29.56<67.11< 158.2 µg 

g-1 DW  (table, 12) respectively. This showed that increasing chromium concentration in 

the soil growing media results increasing uptake of Cr by the Eucalyptus camaldulensis. 
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From the above result the data showed that a remarkable reduction of chromium 

concentration levels in roots and shoots of Eucalyptus camaldulensis proceeding from the 

higher soil concentration (1000 PPm) to the lower (10 PPm) concentration respectively. 

In general at the maximum chromium concentration level, the Cr content in shoots and 

roots were (163.60 and 158.20 µg g-1DW) (table, 12) respectively. However, the Cr 

accumulation even at the lower concentration i.e 10 PPm was higher and significantly 

differed from the control. The same trend was observed in other species too. Chromium 

concentration was remarkably higher in particular, at the middle and maximum 

concentration of chromium applied to the soil (100 and 1000 PPm) respectively. Hence 

the Cr accumulation capacity of roots and shoots are directly correlated, the highest Cr 

accumulation value recorded in the roots was also recorded in the same treatments where 

the Cr accumulation capacity in the shoot was also maximum and vice versa 

 

It can be concluded from the above findings that the roots and shoots accumulated nearly 

the same amount of chromium so the accumulation of metal in root and shoot is uniform 

and balanced. 

 

 4.7.1.3. Chromium Accumulation Factor (CAF) for Eucalyptus 
               camaldulenis 
 

The Cr accumulation factor is the ratio of Cr accumulated in plant parts (shoots and roots) 

divided by Cr content in the soil media. 

                           CAF=
nsoilCrcontenti

nTissueCrContenti  

CAF of Eucalyptus camaldulensis was also showed similar trend with Cr accumulation in 

the roots and shoots .Cr accumulation factor of Eucalyptus camaldulensis was not 

significantly differed among the treatments at (P≤0.05) both in the shoots and roots as 
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well as the two Cr specis. The highest root CAF of trivalent chromium (1.76) was 

recorded at 1000 PPm of trivalent Cr species followed by (1.20)(table, 12) of 100 PPm for 

the same Cr species respectively. However the highest value of CAF for the shoots of 

hexavalent chromium (0.27) was recorded at 100 PPm of hexavalent chromium species 

followed by (0.25) of 10 PPm for the same chromium species respectively.  

 

 In addition to this, the highest total CAF (1.76) was recorded at 1000 PPm of hexavalent 

chromium species followed by (1.34) of 100 PPm of trivalent chromium species at Cr 

(III) however the highest total CAF of hexavalent chromium (0.25) was recorded at 100 

PPm of hexavalent chromium species respectively. Between the two chromium species 

CAF of trivalent chromium (1.02) was higher than CAF of hexavalent (0.24) chromium 

for Eucalyptus camaldulensis respectively. A study conducted by Grant, et al (2002) a 

site polluted by Cr, and finally he found that Cr coud be remediated using 

E.camaldulensis. 

Table 12 Eucalypts, average chromium concentration (µg  g –1DM) of the plant parts 

____________________________________________________________________ 

Cr added to       Cr(tot) parts of the plant(µg,g-1)                        CAF 

the soil(PPm)     Shoots                  Roots                   Shoots          Roots      Root+shoot 

______________________________________________________________________ 

Cr310          35.93±30.91b       42.63±30.91b       0.75±0.69a      0.75±0.69a        0.75±0.69a 

Cr3100        90.31±30.91ab     114.89±30.91ab     1.20±0.69 a    1.49±0.69a         1.34±0.69a 

Cr31000      163.60±30.91a     158.20±30.91a     1.76±0.84a     1.76±0.84a         1.76±0.84a 

Cr610          17.60±30.91b       16.49±30.91bc      0.25±0.69a      0.19±0.69a         0.22±0.69a 

Cr6100        22.27±30.91b       19.33±30.91b       0.27±0.69a      0.22 ±0.69a       0.25±0.69a 

Control       3.94±30.91b          4.68±30.91c          0.21±0.69a     0.27 ±0.69a      0.24±0.69a 

____________________________________________________________________ 
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Note: Letters with the same superscript in the column are not statistically significant at 

(P≤0.05). 

Table continued 
Total Cr and CAF for the Shoot and Root of Eucalyptus camaldulensis (µg  g-1 DW) 
________________________________________________________________________ 
Cr concentration         total Cr accumulated                         CAF 
                      Shoot        Root        Shoot+root     Shoot         Root       Shoot+Root 
________________________________________________________________________ 
Control          3.94            4.68            4.31             0.21            0.27              0.24 
10 PPm          26.77         29.56          28.17            0.5              0.47              0.49 
100 PPm        56.29         67.11          61.7              0.74            0.86              0.80 
1000 PPm      163.60       158.20        160.9           1.76            1.76              1.76 
Cr3                         73.94         80.84          77.39           0.98            1.07              1.03 
Cr6                         13.94         12.51          13.23           0.24            0.23              0.24 
________________________________________________________________________ 
 

 4.7.2.Militia ferruginea 
 

 4.7.2.1.Shoots 
 
 There was no significant difference in the uptake of two Cr species. However the uptake 

of Cr was significantly differed between the 1000 PPm of trivalent Cr to all the other 

treatments, and 100 PPm of trivalent and hexavalent Cr species to all the other treatments 

and viceversa. But the difference was not significant in Cr accumulation capacity of the 

roots was observed between the control of Cr to 10 and 100 PPm of both hexavalent and 

trivalent Cr species respectively. 

 

From the (table, 13) below the highest value in Cr (tot) accumulation (181.11 µg g-1DW) 

was recorded at 1000 PPm of trivalent Cr species applied to the soil growing media 

followed by (130.11 µg g-1DW) at 100 PPm of the same chromium species respectively. 

Besides to this, the highest Cr uptake of hexavalent chromium (118.67 µg g-1DW) was 

recorded at 1000 PPm of hexavalent chromium species followed by (78.24 µg g-1DW) of 

100 PPm for the same Cr species respectively. In addition to this, shoots of trivalent Cr 
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accumulated more of trivalent chromium (102.19 µg g-1DW) than hexavalent (59.88 µg g-

1DW)(table, 13) species respectively. This was may be due to non-toxicity nature of 

trivalent Cr species.  

  

Neverthless Cr accumulation capacity of the shoots was directly correlated to the Cr 

concentration level applied to the soil. Corresponding accumulation of total Cr with 

regards to control, 10 PPm, 100 PPm and 1000 PPm were 16.49<53.13<140.18<149.89 

respectively. This showed that increasing chromium concentration in the soil results 

increasing uptake of Cr by Millittia ferruginea. 

 

 4.7.2.2.Roots 
 

The total uptake of Cr (85.11 and 81.01 µg g-1DW)(table, 12) for the roots and shoots 

respectively. Numerically difference was observed among the Cr accumulation potential 

of roots and shoots however statistically was not. 

 

There was significance difference among the treatments in Cr accumulation capacity of 

the roots at (P≤0.05). The difference was recorded between the 1000 PPm of trivalent Cr   

species to all the other treatments, and 100 PPm of trivalent and 1000 PPm of hexavalent 

Cr species as compared to the other treatments and viceversa. However the difference was 

not significant between the control of Cr to 10 PPm of the two Cr species and 100 PPm of 

trivalent and 1000 PPm of hexavalent Cr species to all the other treatments and viceversa.  

 

The highest uptake of Cr (199.01 µg g-1DW) was recorded at 1000 PPm of trivalent Cr   

species followed by (130.16 µg g-1DW) (table, 13) of 1000 PPm for the same Cr species 

respectively. However the highest Cr uptake of the hexavalent chromium (124.13 µg g-

1DW) was recorded at 1000 PPm of hexavalent chromium species followed by (43.64 µg 

g-1DW) of 100 PPm for hexavalent chromium species respectively. Roots accumulate 
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more of trivalent chromium (115.74) than hexavalent (54.48 µg g-1DW) Cr species 

respectively as of the shoots. However when hexavalent chromium was seen separately 

shoots accumulate more hexavalent Cr species (59.88 µg g-1DW) as a whole than roots 

(54.48 µg g-1DW). 

 

 Neverthless, Cr accumulation capacity of the roots was also linearly correlated to Cr 

application in the soil growing media as that of the shoots.  Corresponding accumulation 

of total Cr with regards to control, 10 PPm, 100 PPm and 1000 PPm were 

25.08<55.41<86.9<161.57 µg g-1DW (table, 13) respectively. This showed that increasing 

chromium concentration in the soil growing media results increasing uptake of Cr by the 

Millittia ferruginea.  
 
From the above result the data showed a remarkable reduction in chromium concentration 

in shoots and roots of Millittia ferruginea proceeding from the higher concentration (1000 

PPm) to the lower concentration (10 PPm) concentration respectively. In general at the 

maximum chromium concentration applied to the soil, its content in shoots and roots 

recorded with values of (149.98 and 161.57 µg g-1DW)(table, 13) for the shoots and roots 

respectively. However, the Cr accumulation even at the lower concentration i.e 10 PPm is 

higher and significantly differed from the control. The same trend was observed in other 

species too. Chromium concentration was remarkably higher in particular, at the middle 

and maximum concentration of chromium applied to the soil (100 and 1000 PPm) 

respectively. Hence the Cr accumulation capacity of roots and shoots are directly 

correlated, the highest Cr accumulation value recorded in the roots was also recorded in 

the same treatments where the Cr accumulation capacity in the shoot is also maximum 

and vice versa. From result the highest value of Cr (VI) in shoots implies the potential of 

detoxification of toxic level of Cr (VI) to non toxic form of Cr (III) is higher and finally 

the species was a good source for phytoremediation potential of Cr contaminated site. 
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 4.7.2.3.Chromium Accumulations Factor (CAF) for Millittia 

             ferruginea  

 
CAF of Millittia ferrruginea was varying significantly from Eucalyptus canmaldulensis is 

that the result was vary significantly differed among the treatments at (P≤0.05) both in 

shoots and roots. Significance difference in CAF was recorded between 1000 PPm of 

trivalent chromium species to all the other treatments, the control of Cr to 10 PPm of 

trivalent Cr to all the other treatments and finally 10 PPm of hexavalent Cr and 100 PPm 

of trivalent Cr species to the all the other treatments and viceversa. 

 

 The highest shoot CAF (3.10) for trivalent chromium species was recorded at 1000 PPm 

of trivalent chromium followed by (2.07) for 100 PPm of the same chromium 

respectively. However the highest shoot CAF for hexavalent chromium species (1.81) 

was recorded at 1000 PPm of hexavalent chromium followed by (1.77) for 10 PPm of the 

same chromium species respectively. The highest root CAF for trivalent chromium (3.21) 

was recorded at 1000 PPm of trivalent chromium followed by (2.74) for the control of  

chromium respectively. However the highest root CAF for hexavalent chromium (1.67) 

was recorded at 1000 PPm of hexavalent chromium followed by (1.56) of 10 PPm of the 

same chromium species respectively. CAF of roots (1.88) is higher than CAF of shoots 

(1.50) respectively. 

 

The highest total CAF (3.16) was recorded at 1000 PPm of trivalent Cr followed by (2.07) 

of 100 PPm for the same chromium species respectively at Cr (III). However the highest 

total CAF for hexavalent chromium (1.74) was recorded at 1000 PPm of hexavalent 

chromium followed by (1.67) of 10 PPm for the same chromium species respectively. 
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Between the two chromium species CAF of trivalent chromium (2.21) was higher than 

CAF of hexavalent (1.39) chromium for Millittia ferruginea respectively. 

Table  13 Millittia ferruginea, average Cr concentration (µg g-1 DM) in shoots and roots (LS 
means±SE of the mean) 

______________________________________________________________________________________ 

  Cr added  
to the soil(PPm)     Cr(tot)measured In plant parts of                       CAF 
________________________________________________________________________ 
Treatments            Shoots          Roots                   Shoots                Roots     Total CAF 
________________________________________________________________________ 
Cr310PPm      72.84±30.91b       82.93±30.91b       1.43±0.69b       1.63±0.69ab      1.53±0.69b 

Cr3100PPm     130.11±30.91ab   130.16±30.91ab    2.07±0.69ab     2.07±0.69ab      2.07±0.69a 

Cr31000 PPm  181.11±30.91a     199.01±30.91a     3.10±0.69a      3.21±0.69a        3.16±0.69a 

Cr610PPm       33.41±30.91b       27.88±30.91b      1.77±0.69ab     1.56±0.69ab     1.67±0.69b 

Cr6100PPm     78.24±30.91b       43.64±30.91b      1.73±0.69b      0.91±0.69b        1.32±0.69b 

Cr61000 PPm   118.67±30.91ab   124.13±30.91ab   1.81±0.69ab     1.67±0.69ab     1.74±0.69b 

Control            16.94±30.91b        36.57±30.91b      0.92±0.69b      1.99±0.69ab    1.46±0.69b 

Mean                 81.01                     85.11                     1.50                1.88              1.80 

_____________________________________________________________________ 

 Note: letters with ths same superscript in the column are not statistically significant 
 
Table continued 
 
 Total Cr and CAF for the Shoot and Root of Millittia ferruginea (µg, g-1, DW) 
______________________________________________________________________ 
Cr concentration              total Cr accumulated                       CAF 
                     Shoot           Root          Shoot+root          Shoot         Root       Shoot+Root 
________________________________________________________________________ 
Control             16.94          36.57             26.76              0.92           1.99            1 .46 
10 PPm             53.13          55.41             54.27              1.60           1.60            1.60 
100 PPm          104.18         86.9               95.54              1.90           1.49            1.70 
1000 PPm        149.89         161.57           155.73            2.46           2.44            2.45   
Cr3                            102.19         115.74           108.96            2.00           2.41            2.21 
Cr6                            59.88           54.48              57.18             1.44           1.34            1.39 
________________________________________________________________________ 
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4.7.3.Ricinus communis (Gulo) 
 

The Cr accumulation capacity of Ricinus communis was vary significantly among the 

treatments. The maximum concentration of Cr accumulation of the species was recorded 

(309.15 µg g-1, DW) for the shoots and (300.4 µg g-1 DW)(table, 14) for the roots at 1000 

PPm of hexavalent chromium respectively. 

 

4.7.3.1.Shoots 
 
 
The Cr uptake of shoots of Ricinus communis was varying significantly among the 

treatments. Significant difference in the uptake of Cr data was recorded between the 

controls of chromium, to the 100 and 1000 PPm of the trivalent chromium species and 

viceversa. The same was true for trivalent Cr uptake between control up to 100 PPm, 

1000 PPm and 10 PPm and viceversa. 

 

The maximum trivalent Cr accumulation in shoots (158 µg g-1DW) (table, 12) was 

recorded at 1000 PPm of trivalent Cr species followed by (113.96 µg g-1DW) of 100 PPm 

of the same Cr species respectively. However the maximum hexavalent Cr accumulation 

(309.91 µg g-1DW) was recorded at 1000 PPm of hexavalent chromium followed by 

(248.17 µg g-1DW) of 100 PPm of the same chromium species respectively. Between the 

two chromium species shoots of Eucalyptus camldulensis accumulated on average more 

of hexavalent chromium applied treatment (204.62 µg g-1 DW) than that of trivalent 

(86.13 µg g-1 DW) chromium species respectively. Ricinus communis is one of the species 

among the three trees seedlings that accumulated more of hexavalent chromium applied 

concentration media in the shoots than trivalent one. It accumulated 2.4 times more 

hexavalent Cr than trivalent one 
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 Neverthless, Cr accumulation capacity of the shoots was linearly correlated to Cr 

application in the soil growing media.  Corresponding accumulation of total Cr with 

regards to control, 10 PPm, 100 PPm and 1000 PPm were 25.3<141.18<181.07<233.96, 

µg g-1DW (table, 12) respectively. This showed that increasing chromium concentration 

in the soil growing media results increasing uptake of Cr by the Ricinus communis. 

 

4.7.3.2 Roots 
 
The total uptake of Cr (152.08 and 145.34 µg g-1DW)(table, 12) for the roots and shoots 

respectively. Figuratively the chromium uptake of the roots is better than the shoots 

however statistically was not. 

 

 Significance difference in total Cr accumulation of the roots was recorded among the 

treatments at (P≤0.05). There was significant difference between the control to 100 and 

1000 PPm of trivalent chromium. For hexavalent chromium significant difference was 

recorded between the control to all the other treatments of hexavalent chromium species 

respectively and viceversa. 

 

 The maximum Cr accumulation of the roots (150.09 and 143.73 µg g-1DW)(table, 12) 

was recorded at 1000 PPm and 100 PPm of trivalent Cr species respectively. However the 

highest value of Cr accumulation for hexavalent Cr (300.4 µg g-1DW) was recorded at 

1000 PPm of hexavalent chromium followed by (257.71 µg g-1DW) of 100 PPm of the 

same chromium species respectively. Between the two chromium species roots of Ricinus 

communis accumulated on average more of hexavalent chromium applied treatment 

media (207.99 µg g-1 DW) than that of trivalent (96.18 µg g-1 DW) chromium species 

respectively. 
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Neverthless, Cr accumulation capacity of the roots was also linearly correlated to Cr 

application in the soil growing media of that of the shoots. Corresponding accumulation 

of total Cr with regards to control, 10 PPm, 100 PPm and 1000 PPm were 

25.04<157.33<200.72<225.25 µg g-1DW (table, 13) respectively. This showed that 

increasing chromium concentration in the soil growing media results increasing uptake of 

Cr by the Ricinus communis. 

 

From the above result the data showed a remarkable reduction in chromium concentration 

in shoots and roots of Ricinus communis proceeding from the higher concentration (1000 

PPm) to the lower concentration (10 PPm) concentration respectively. In general at the 

maximum chromium concentration applied to the soil, its content in shoots and roots 

acquired values of (233.96 and 225.25 µg g-1DW)(table, 13) for the shoots and roots 

respectively. However, the Cr accumulation even at the lower concentration i.e 10 PPm is 

higher and significantly differed from the control. The same trend was observed in other 

species too. Chromium concentration was remarkably higher in particular, at the middle 

and maximum concentration of chromium applied to the soil (100 and 1000 PPm) 

respectively. Hence the Cr accumulation capacity of roots and shoots are directly 

correlated, the highest Cr accumulation value recorded in the roots was also recorded in 

the same treatments where the Cr accumulation capacity in the shoot is also maximum 

and vice versa. From result the highest value of Cr (VI) in shoots implies the potential 

capacity of detoxification of toxic level of Cr (VI) to non toxic form of Cr (III) and finally 

the species was a good source for phytoremediation potential of Cr contaminated site. It 

also accumulated (207.99 µg g-1 DW) hexavalent Cr in the shoots and (207.99 µg g-1 DW) 

of hexavalent chromium in the roots, and (86.13 µg g-1 DW) for trivalent Cr in the shoots 

and (96.18 µg g-1 DW) of trivalent chromium in the roots respectively. At least 2.2 times 

more of hexavalent chromium species was accumulated both in the shoots and roots of 

Ricinus communis respectively. 
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4.7.3.3. Chromium Accumulation Factor (CAF) For Ricinus communis  
 
The CAF of the Ricinus communis was vary significantly among the treatments in both 

shoot and root part of the plant at (P≤0.05). Significance difference in CAF of the shoots 

was recorded at 10 and 100 PPm of hexavalent Cr to the other treatments and 100 PPm of 

hexavalent Cr species to the other treatments and viceversa. However the difference was 

not significantly differed between the control of Cr to the 10,100 and 1000 PPm of 

trivalent Cr and 100 PPm of hexavalent Cr species to all the other treatments and vice 

versa.  

 

CAF was also vary significantly among the roots of Ricinus communis, significance 

difference in CAF of the root was recorded between the 10 and 100 PPm of hexavalent Cr 

species to the other treatments and vice versa. However the difference was not 

significance between the 10 and 100 PPm of hexavalent Cr species to the control of Cr to 

the 10,100 and 1000 PPm of trivalent Cr species respectively. The CAF was also showed 

similar trend to the Cr concentration level in the plant parts both in the shoots and roots. 

 

CAF for roots and shoots are nearly the same i.e., (2.12) for the shoots and (2.22) for the 

roots respectively. Between the two Cr speciation Cr6+ has (3.11) has higher CAF than 

Cr3+ (1.14) for the shoot and (3.19) and (1.24) for the roots respectively. Cr6+ has almost 

twice higher than Cr3+. This result implies that Ricinus communis has better Cr uptake and 

phytoaccumulattion capacity .The highest CAF value (1.49) of the shoots for trivalent 

chromium species was recorded at 100 PPm of trivalent chromium followed by (1.45) at 

1000 PPm of the same chromium species. However the highest shoot CAF (4.35) for 

hexavalent chromium of the species was recorded at 10 PPm of hexavalent chromium 

followed by (4.10) of 100 PPm of the same chromium species respectively. Besides to 

this, the highest root CAF (1.81) for trivalent chromium was recorded at 100 PPm of 

trivalent chromium followed by (1.43) of 1000 PPm of the same chromium species 
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respectively. However the highest root CAF (4.47) for hexavalent chromium was 

recorded at 10 PPm of hexavalent chromium followed by (4.27) of 100 PPm of the same 

chromium species respectively. 

 

 The highest total CAF (1.65) for the trivalent chromium was recorded at 100 PPm of 

trivalent Cr followed by (1.44) of 1000 PPm for the same chromium species respectively. 

However the highest total CAF for hexavalent chromium (4.41) was recorded at 10 PPm 

of hexavalent chromium followed by (4.19) of 100 PPm for the same chromium species 

respectively. Between the two chromium species CAF of hexavalent chromium species 

(3.15) was higher than CAF of trivalent (1.19) chromium species respectively. 

 

On the study conducted by (Caesar, 2005) phytoremediation of soil polluted by nickel 

using agricultural crops including ricinus using three levels of treatment (150,300,and 600 

PPm) and one control. Finally he found that the ricinus was efficient in the removal of Ni 

as compared to others 
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Table  14 Ricinus: average chromium concentration (µg,g-1DM shoots and roots) 

________________________________________________________________________ 
Cr added to                          Cr (tot) accumulated                                 CAF 
The soil (PPm)    
                    Shoots                          Roots             Shoots            Roots      Shoot+Root 
________________________________________________________________________ 
Cr310        45.84±30.92c         71.68±30.92bc      0.88±0.69b    1.25±0.69b       1.07±0.69b 

Cr3100     113.96±30.92bc      143.73±30.92b      1.49±0.69b    1.81±0.69b       1.65±0.69b 

Cr1000     158±30.92b             150.09±30.92b      1.45±0.69b    1.43±0.69b      1.44±0.69b 

Cr610       236.52±30.92ab      242.98±30.92a      4.35±0.69a    4.47±0.69a       4.41±0.69a 

Cr6100     248.17±30.92a       257.71±30.92a      4.1±0.69a      4.27±0.69a       4.19±0.69a 

Cr61000   309.91±30.92a       300.4±30.92a        3.23±0.69ab   3.13±0.69ab     3.18±0.69ab 

Control     25.30±30.92c          25.04±30.92c        0.74±0.69b    0.69±0.69b      0.72±0.69b 

Mean           145.34                    152.08                      2.12                 2.22          2.17 

_____________________________________________________________________ 

Note: letters with the same superscript in the column are not statistically significant at 
(P≤0.05). 
Total Cr and CAF for the Shoot and Root of Ricinus communis (µg,g-1,DW) 
________________________________________________________________________ 
Cr concentration                     total Cr accumulated                       CAF 
                        Shoot        Root       Shoot+root        Shoot         Root     Shoot+Root 
________________________________________________________________________ 
Control            25.3             25.04             25.17             0.74           0.69             0.72 
10 PPm           141.18         157.33           149.26            2.62           2.86             2.74 
100 PPm         181.07         200.72           190.90            2.80           3.04             2.92 
1000 PPm        233.96        225.25           229.61            2.34            2.28             2.31  
Cr3                            86.13          96.18             91.16              1.14            1.24             1.19 
Cr6                           204.62         207.99           206.31            3.11            3.19             3.15 
________________________________________________________________________ 
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 4.8. Chromium concentration in the soil media 
 

The Cr concentration in the soil growing media between the two Cr species was not 

significantly differed among each other, however numerically difference was observed. 

The Cr content in the soil growing media of Cr6 (62.28 µg g-1) per dry soil was lower than 

Cr3 (67.43 µg g-1) per dry soil (table, 15). The chromium concentration level in the soil 

growing media after harvested the seedlings was vary significantly among the three tree 

species seedlings. The highest Cr concentration value in the soil media (76.26 µg g-1) per 

dry soil was recorded for Eucalyptus camaldulenisis followed by (68.53µg, g-1) per dry 

soil of Millittia ferrruginea where as the lowest Cr concentration value (49.77 µg g-1) per 

dry soil was recorded for Ricinus communis respectively (table, 15). 

 

Neverthless, the Cr concentration in the soil growing media was linearly correlated to the 

Cr concentration applied in the soil. Corresponding concentration of total Cr with regards 

to control, 10 PPm, 100 PPm and 1000 PPm were 35.36<58.15<71.62< 94.28 µg g-1 of 

dry soil (table, 15) respectively. This result showed that increasing Cr application to the 

soil growing media increases its concentration and also increase availability of Cr to the 

plants. 

 

The highest concentration of hexavalent Cr (98.71 µg g-1) per dry soil was recorded at 

1000 PPm of hexavalent chromium species for Eucalyptus camaldulensis followed by (96 

µg g-1) per dry soil for 1000 PPm of the same chromium species for Ricinus communis. 

However the lowest concentratation of hexavalent chromium (31.20 µg g-1) per dry soil 

was recorded at the control of Millittia ferruginea followed by (31.28 µg g-1) per dry soil 

of 10 PPm of the same chromium and tree species respectively. Besides to this, the 

highest Cr accumulation of trivalent Cr (113.47 µg g-1) per dry soil was recorded at 1000 

PPm of trivalent chromium Eucalyptus camaldulensis followed by (108.93 µg g-1) per dry 
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soil of 1000 PPm for the same chromium species of Ricinus communis. However the 

lowest value of Cr concentration (28.47µg g-1) per dry soil was recorded for the control of 

Millittia ferruginea for trivalent chromium species followed by (32.17 µg g-1) per dry soil 

of the control for Eucalyptus camaldulensis respectively.  

Table  15 Cr (total)(µg g-1) of dry soil in the soil growing media 

_____________________________________________________________________ 
Treatments Cr (tot)                                                          (µg g-1 of dry soil) 

_____________________________________________________________________ 

ECcontrol)                                                                    36.75±9.31cd 
EC (Cr310 PPm)                                                            69.65±9.31bc 
EC (Cr3100 PPm)                                                          81.73±9.31bc 
EC (Cr31000 PPm)                                                        113.47±9.31a 
ECCr610 PPm                                                                83.26±9.31b 
ECCr6 100 PPm                                                             89.77±9.31ab 
ECCr61000 PPm                                                           98.71±9.31ab 
MFcontrol                                                                      29.84±9.31d 
MFCr310 PPm                                                               47.73±9.31c 
MFCr3100 PPm                                                             63.24±9.31bc 
MFCr31000PPm                                                            77.73±9.31bc 
MFCr6 con                                                                     31.20±9.31cd 
MFCr610 PPm                                                               31.28±9.31cd 
MFCr6 100 PPm                                                            47.65±9.31c 
MFCr61000 PPm                                                           70.84±9.31bc 
RCcontrol                                                                      39.50±9.31cd 
RC Cr310 PPm                                                               60.98±9.31bc 
RC Cr3100 PPm                                                             85.60±9.31b 
RCCr3 1000 PPm                                                          108.93±9.31ab 
RC Cr610 PPm                                                               55.97±9.31c 
RC Cr6100 PPm                                                             61.73±9.31b 
RC Cr6 1000 PPm                                                          96.04±9.31ab 
__________________________________________________________ 

Note: letters with the same superscript are not statistically significant at (P≤0.05) 
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Table continue (Cr concentration in the soil media for the main plots 
________________________________________________________ 
Treatments                                    Cr concentration (µg g-1 of dry soil) 
__________________________________________________ 
EC                                                                                      76.26±9.31 
MF                                                                                     68.53±9.31 
RC                                                                                      49.77±9.31 
Cr3                                                                                     67.43±9.31 
Cr6                                                                                     62.28±9.31 
Control                                                                               35.35±9.31 
10 PPm                                                                               58.15±9.31 
1000 PPm                                                                           71.62±9.31 
1000 PPm                                                                           94.29±9.31 
_________________________________________________________ 
 

4.9. Discussion 
 

The general pattern of Cr accumulation in the table above was highest in Ricinus 

communis (148.73 µg g-1DM) followed by Millittia ferruginea (80.07 µg g-1DM) and the 

least accumulation of chromium seen in Eucalyptus camaldulensis. Among the tree 

species two of them Millittia ferruginea and Eucalyptus camaldulensis treated tree 

species seedlings accumulated significantly more Cr (III) applied to the soil in tissue in 

comparison to Cr (VI) application.  Ricinus communis accumulated more of hexavalent 

Cr treatments than Cr (III)(412.61 µg g-1DM) (Cr (VI)) and (182.31 µg g-1DM) of Cr (III) 

respectively. However Eucalyptus camaldulensis accumulated (154.78 µg g-1DM) of Cr 

(III) and (26.45 µg g-1DM) of Cr (VI) treated treatment, besides Millittia ferruginea it 

accumulated (217.93 µg g-1DM) for Cr (III) and (114.36 µg g-1DM) for Cr (VI) 

respectively. Highest uptake of Cr was seen in Ricinus communis treatment. It exhibited a 

Cr content of (309.91,300.4,248, and 257µg g-1 DM) at 1000 PPm of for the shoots and 

roots and 100 PPm for the roots and shoots respectively. 
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In general roots accumulated nearly similar Cr content to the shoots in all the trees. 

However, for Cr (VI) of Millittia ferruginea shoots accumulated more of Cr (VI) than 

roots, the CAF was also showed similar trend to the chromium accumulated. 

 

The possibility of modification of the Cr form after it is supplied to the soil growing 

media in either Cr (III) or Cr (VI) in three levels for each species was also magnified in 

the experiment. This may occured because of the action of root exudates with the capacity 

for reduced or oxidized either form of chromium in the soil nutrient solution. On the 

contrary, the soil micro flora and fauna might not be participated in the redox reactions of 

Cr in soil because they were hampered from the soil growing media initially. The reason 

for the high accumulation of Cr in both shoots and roots parts of the plant could be 

because of transformation (detoxification) of Cr (VI) to Cr (III) in the roots environment 

and changed into non toxic form of trivalent chromium species then translocated into the 

shoots. 

 

 Since both Cr (VI) and Cr (III) must cross the endodermis symplast, the Cr (VI) in cells 

is probably readily reduced to Cr (III) and the Cr (III) is retained in the root cortex cells 

(Zayed, et al., 1998). Another important reason for the potential of transport of Cr from 

roots to shoots could be because of the plants may have their own specific mechanism of 

transport of Cr, because it is toxic and non essential element in itself. The accumulation 

factor for both Cr speciation valued derived in the present study in tree species revealed 

that the different capacity of the three tree species studied. This result is in confirmation 

with the reports of Khan (2001). This could be because the uptake pattern of Cr from soil 

depends on the tree species and with in the tree species the concentration largely differed 

between different parts of the trees (Pulford, et al., 2001). In general it is possible that the 

comparative accumulation of Cr to the shoots and roots is more in Cr accumulator nature 

of the species. 

 



 91

Cr (VI) is actively taken up and is a metabolically driven process in contrast to Cr (III), 

which is passively taken up and retained by cation exchange sites of the cell wall 

(Shanker, et al., and 2004a, in press). This in part explains the higher accumulation of Cr 

(VI) by the plants. In addition, it is known that P and Cr are competitive for surface sites 

and Fe, S and Mn are also known to compete with Cr effectively competed with these 

elements to gain rapid entry into the plant system. Poor translocation of Cr to shoots could 

due to sequestration of most of the Cr in the vacuoles of the root cells to render it non-

toxic which may be a natural toxicity response of the plant. It must be noted that Cr is a 

toxic and non-essential element to plants, and hence, the plants may not posses any 

specific mechanism of transport of Cr. 

 

The more probability of good transfer of Cr from roots to shoots means that the prospect 

for using these trees as phytoremediation potential on chromium-contaminated sites is 

high. Although, it should be noted that Cr is very poorly translocated in all the higher 

vascular plants (Zayed, et al., 1998). Hence the use of these three trees in general and 

Ricinus communis in particular as potential for phytoremediation potential should be 

proven over very long period of time. Results suggested that Ricinus communis is a 

potential Cr accumulator followed by Millittia ferruginea and in areas where the Cr 

contamination level is moderate to highly contaminate. However Eucalyptus 

camaldulensis can also be used as a potential for phytoremediattion of Cr in areas where 

Cr contamination level was low to moderate. These trees can be taken up for future long-

term trail on site trails in Cr contaminated lands to establish its usefulness as a Cr 

phytoremediation. 

 

The poor translocation of Cr from roots to shoots is a major hurdle in using plants and 

trees for phytoremediation Pulford, et al. (2001) in a study with temprate trees confirmed 

that Cr was poorly taken up into the aerial tissues but was held predominately in roots. 

These findings mean that the prospects using trees as phytoremediators on Cr-
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contaminated sites are low. Their main value being to stabilized and monitor a site 

(Shanker, et al., 2003b). This has lead to research with the prospects of increasing Cr 

translocation by adding chemical and biological amendments to soil. It has been shown 

that if chromate is reduced to chromic oxide by chemical or biological methods, the 

inertness and insolubility of chromic oxides in soil limited the formation of chromate and 

reduced environmental risk (James, 1996) 

 

From the above discussion, this study point out effectiveness of some forest trees not 

examined in previous researchers, for the capacity up taking and accumulating Cr in parts 

of the plant, ricinus, and millitiia appeared to be very effective in removal of Cr from the 

soil. The ricinus is the only species utilized in previous research on phytoremediattion on 

nickel uptake and storage, but the results obtained are not comparable with those obtained 

by this research for Cr. 

 

Besides to this, from practical point of view, it is interesting to know the capacity of metal 

removal, per the unit dry matter produced and if the removal is influenced by the Cr 

concentration in the soil these was encouraging for all the three trees. 

 

The ricinus was the most efficient in the removal of the Cr such removal was increased 

linearly with the increasing of metal concentration in the soil.  
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5. CONCLUSION AND RECOMMENDATION 

 5.1. Conclusion 
 

• Higher application of chromium to the plant soil growing media brought poor 
quality and poor growth of the seedlings. 

 

• Both trivalent and hexavalent Cr at higher and medium concentration levels 
brought reduction in shoot length, root collar diameter, root length, and leaf area 
however the impact recorded at lower concentration levels was minimal. 

 
•  Among the two Cr species, hexavalent chromium at the highest concetration 

applied to the soil growing media brought delayed in germination, reduction in 
shoot length, root length, leaf area and abnormal morphology of the seedlings. 

 

• The impact of Cr (VI) at higher concentration was more pronounced than Cr (III) 
in seedling growth and quality of Eucalyptus camaldulensis, which even it led to 
death of the seedlings. 

 
• There was no significant difference between the accumulation of Cr in shoot and 

roots irrespective of the two Cr species level applied to the soil growing media. 
However it was significantly different among and between the tree species. 
Ricinus communis accumulates high amount of Cr both in the shoots and roots 
followed by Millittia ferruginea and Eucalyptus camaldulensis respectively. 

 
• CAF of Ricinus communis is comparatively higher than the other two species.  

 
 

• The chromium concentration as well as chromium accumulation factor was 
linearly correlated to the chromium concentration level applied to the soil growing 
media.  

 
• Ricinus communis and Millittia ferruginea has the potential for phytostabilization 

and phyto-extraction of chromium contaminated sites since the Cr accumulation 
capacity of roots was almost nearly similar to the shoots. 

 
• It was evident, among the three species evaluated for Cr accumulation potential, 

Ricinus communis has the potential for remediating the tannery contaminated soil 
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with high amount of Cr followed by Millittia ferruginea. However Eucalyptus 
camaldulensis is appropriate for low to moderate Cr contaminated soil. 

 

5.2. Recommendation 
 

• It was recommended that Ricinus Communis and Millittia ferruginea should be 
taken for further study in phytoremediation work of chromium contaminated sites. 

 
• Eucalyptus camaldulensis can also be taken for further study work of 

phytoremediation of Cr contaminated sites, however care should be taken in areas 
with higher elevated level of Cr. 

 

• The selected tree species by their own nature and characterstics, Millittia 
ferruginea is endemic and indigenous as well as fast growing nature, Ricinus 
communis is also indigenous, easily propagated and established and the most fast 
growing nature of the species however these species are underutilized and 
emphasis has not been given by the government, there for emphasis has been 
given. 

 
•  Species screening and field adaptation trials should be conducted in the future for 

further verification of the results in addition to these demonstration and 
popularization works go hand in hand for further phytoremediation potential of 
these tree species. 

 
• Further survey works should have been continued around tanneries, the result is 

important to screen out the best chromium accumulator species in the country. 
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