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A pot experiment was conducted to determine the growth and copper accumulation of 
Jatropha curcas L. seedlings in soils contaminated with high (212 ppm) and low (42 ppm) 
levels of Cu. The soils were collected 200 m and 10 km, respectively, from an abandoned 
Cu mine site in Mogpog, Marinduque, Philippines. The soils were amended with 0.025% 
Trichoderma pseudokoningii R., 20% compost, and 20% compost + 0.025% T. 
pseudokoningii R. (w/w), and analyzed for pH and Cu content before and after the 
experiment. Cu content of the various plant organs was also analyzed after 6.5 mo of 
growth. J. curcas seedlings grown with 20% compost were able to decontaminate the 
soil to within-normal levels of Cu (30 ppm) in uncontaminated soil, reducing mean Cu 
concentrations from 169.6 to 28 ppm in high-Cu-contaminated samples and from 33.6 to 
4.0 ppm in low-Cu-contaminated samples. T. pseudokoningii inoculation had no effect on 
the seedlings. In the 212 ppm Cu-contaminated soil, seedlings died after 1 mo in the 
control and in the T. pseudokoningii treatment (with or without compost). In the 42 ppm 
Cu-contaminated soil, seedlings in the control and in the fungal-amended soil performed 
very poorly compared with those grown in soil amended with compost. Growth 
improvement with compost was due to increased soil pH and reduction of Cu content in 
the potting media. The latter effect was probably due to the ability of organic matter in 
compost to form complexes with heavy metals. The seedlings accumulated a total of 356 
ppm and 46.5 ppm Cu in the high- and the low-contamination potting media, respectively. 
The roots accumulated more than twice the Cu level absorbed by the other plant organs. 
Results of this study may help in the formulation of a strategy for rehabilitation of areas 
covered with copper-rich mine tailings in Mogpog, Marinduque and other areas of the 
country with a similar problem. 
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INTRODUCTION 
 

The Philippines is rich in mineral resources which are 
extracted by mining companies with concession from the 
Philippine government. Mining operations serve as 
sources of revenue for the government and employment 
for people in the communities where the mineral 
resources are located. However, mining operations in the 
country have severe negative environmental impacts, one 

of which is the accumulation of mounds of mine tailings 
with high concentrations of heavy metals around mining 
sites. Mine tailings are waste materials generated by the 
grinding and processing of ores and rocks containing 
economically retrievable minerals. Areas covered with 
mine tailings are usually barren where very few plants 
can grow. Mine tailings also pose environmental damage 
in the form of sediments and acid drainage into streams, 
lakes and underground water supplies. 
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 A 2001 report by Tetra Tech EM Inc, a U.S.-based 
environmental consulting firm, stated that there are 21 
abandoned mine sites in the Philippines that pose risks of 
varying degrees. The firm also stated that the land and 
bodies of water near the abandoned mine sites are 
impacted with chemical contaminants, which may harm 
human health as well as the health of aquatic, terrestrial 
and wildlife species. Proper mitigation and corrective 
actions must be undertaken, otherwise, the surrounding 
population and environment will be continuously 
exposed to both chemical and physical risks. 
 Phytoremediation is a practical approach to reduce 
levels of heavy metals in the soil because of the ability of 
plants to absorb and translocate them into their tissues 
(Bollag et al. 1994). This technique is considered to be a 
cost-effective, long-lasting and aesthetic solution for 
remediation of contaminated soil, especially Cu-
contaminated mine soil (Yoon et al. 2006). Jatropha 
curcas L. (locally known as “tuba-tuba”) is one plant that 
can be considered for phytoremediation (Patil 1998). In a 
study by Kumar et al. (2008), J. curcas inoculated with 
Azotobacter chroococcum was able to grow in soil 
contaminated with up to 250, 100 and 3000 ppm of As, 
Cr and Zn, respectively. J. curcas is also well adapted to 
marginal soils and can grow even in the poorest, 
unproductive conditions (Heller 1996; Sieg 2007). Its 
water requirement is extremely low and it can withstand 
long periods of drought (Patil 1998). However, when 
used in phytoremediation, there is a need for addition of 
substantial amounts of soil amendments and 
microorganisms to promote optimum growth. The 
amendments can also aid in the remediation of mine soil. 
 In this study, compost and the use of the fungal 
inoculant, Trichoderma pseudokoningii Rifai, were tried 
as soil amendments to help in the remediation of Cu-
contaminated soil. Compost provides nutrients to the 
plants and its organic matter components also have 
metal-chelating properties (Ross 1994) that can bind 
heavy metals in the soil, making them less bioavailable. 
Trichoderma species are fungi that can protect plant roots 
and may possibly play a role in phytoremediation. 
Harman et al. (2004) conducted a study on arsenic-
polluted soil using fern inoculated with T. harzianum T-
22 as test plant. Uptake of arsenic in Trichoderma-
inoculated fern increased almost ten-fold compared with 
that of the control, although one season growth of the 
inoculated fern did not significantly reduce the level of 
arsenic in the contaminated soil. Similarly, these 
researchers found that T. harzianum T-22 can effectively 
utilize cyanide and can be used as an agent to remove this 
toxin from the soil. The authors have described 
Trichoderma as an opportunistic, avirulent plant 
symbiont that can proliferate, compete and survive in the 
soil and other complex ecosystems. As the fungus 
colonizes root surfaces, it can protect plant roots from 

pathogenic microorganisms and, possibly, against heavy 
metals as well. 
 Results of this study may provide a method of 
rehabilitating areas covered by mine tailings in Mogpog, 
Marinduque that have remained unproductive since 1995. 
Prime lands contaminated with mine tailings may be 
restored to productivity through establishment of J. 

curcas in the long-run, helping to restore the natural 
landscape of the site and make it suitable for the growth 
of other plants such as food crops. J. curcas is also a 
source of alternative fuel in the form of biodiesel. 
 Our study was conduced to determine the growth of 
J. curcas L. seedlings in soil contaminated with copper 
mine tailings amended with compost and Trichoderma 

pseudokoningii Rifai, and to examine the effects of the 
amendments on the copper content of the potting media 
and on the various organs of J. curcas L. seedlings. 
 
 

MATERIALS AND METHODS 
 
Soil samples were taken from an abandoned copper mine 
area and its vicinity in Barangays Ino and Capayang in 
Mogpog, Marinduque, Philippines. The mine area was 
previously operated by Consolidated Mines, Inc. (CMI) 
(Ilagan 2009). In 1995, a pond containing mine tailings 
accidentally broke down, contaminating the Boac River 
and its surroundings. The affected areas have remained 
virtually barren since then (Pasimio 2005).  
 Two types of soil samples were obtained from the 
sites. The first was collected from mounds of mine 
tailings approximately 200 m from the abandoned copper 
mine operation of CMI. The second, which was collected 
approximately 10 km from the abandoned mine site, 
served as the control treatment. Both soil types were 
analyzed for content of heavy metals such as Cu, Cd, Pb, 
Hg, Cr and Ni, using the methods of the AOAC (1995). 
Soil parameters such as pH, % total N, available P, 
exchangeable K and % organic matter (OM) content were 
analyzed following the methods of PCARRD (1990). All 
chemical analyses were conducted at the Soil Analytical 
Chemistry Laboratory, Agricultural Systems Cluster, 
College of Agriculture, University of the Philippines Los 
Baños (UPLB). 
 Four amendment treatments were applied to each soil 
type: 1) control – unamended soil; 2) amended with 
0.025% Trichoderma psuedokoningii inoculant; 3) 
amended with 20% compost and 4) amended with 20% 
compost + 0.025% T. psuedokoningii. This application 
rate of the Trichoderma inoculant increased by 15-fold 
the application rate used by Cuevas and Bul-long (2009) 
in cruciferous vegetables, since Jatropha is a perennial 
plant and was planted in a Cu-contaminated soil. Three 
replicates were made for each treatment. All percentages 
were computed on a w/w basis. Compost was derived 
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from organic wastes, mostly left-over vegetables and fruit 
peel collected from the Lipa City wet market, and 
analyzed for pH, OM, N, P and K. The amount of 
compost added (at 20%) was based on the results of a 
study by Cuevas (2009) which showed that addition of 
16% compost (w/w) was optimum in improving pH, CEC 
and water-holding capacity of acidic, red, infertile 
grassland soil. Compost used in the present study was 
taken from the same batch of compost used by Cuevas 
(2009). The potting media used for the different 
treatments were placed in black bags measuring 10.2 x 
10.2 x 20.3 cm.  
 Seeds of J. curcas L. were first pre-treated to ensure 
good germination by dipping in a hot water bath (80 °C) 
for 15 s and then cooling before soaking for 24 h in tap 
water. Three seeds were placed in each potted soil setup, 
moistened and then maintained at field capacity. The 
setups, consisting of four treatments with three replicates 
each, were arranged in a completely randomized design 
in an open area and maintained for 6.5 mo. The three 
seedlings in each of the three replicates were thinned to 
only one after the first month, with the most viable and 
vigorous left in the pot and allowed to grow. Growth of 
the seedlings in each pot was monitored twice a month. 
Stem diameter was measured by using a vernier calliper 
placed at 3 cm above the root collar. Height was 
measured starting from the root collar to the tip of the 
terminal bud. Number of leaves was counted. At harvest 
after 6.5 mo of growth, the roots, stems and leaves were 
oven dried at 70 ºC for 4 d and their dry weights 
separately taken. The potting media were analyzed for 
pH and Cu content. Each plant organ – leaf, stem and 
root – was analyzed separately for Cu content following 
AOAC methods (1995). 
 Data gathered from the soil obtained away from the 
mine site were analyzed using analysis of variance 
(ANOVA). Treatment means were compared using 
Duncan’s Multiple Range Test (DMRT). No statistical 
analysis was done for the soils near the mine site since 
only the plants treated with soil amended with 20% 
compost survived.  

 

 

RESULTS AND DISCUSSION 
 

Mineral Content of Soils and Compost  

Concentrations of heavy metals monitored in the soil 
samples were within the normal ranges except for that of 
Cu (Table 1). The sample taken 200 m from the 
abandoned copper mine area was highly contaminated. 
Plants require only 5–20 ppm Cu (IPCS 1998), therefore, 
both soil types have toxic levels of Cu. In the succeeding 
discussion, the soil with 212 ppm Cu was referred to as 
high Cu-contaminated soil and the one with 42 ppm Cu 
as low Cu-contaminated soil.  

 In soil, Cu generally exists as Cu2+. It is considered 
the most bioavailable form of Cu that can cause toxicity 
to plants once it is absorbed (IPCS 1998). Soil pH is one 
factor that affects the solubility of Cu, where it is at its 
maximum at low pH values. As the pH is raised, its 
solubility and availability to plants decreases (Brady 
1974) with the metal being more soluble at pH 4–5 than 
at pH 5–7 (Ross 1994).  
 The pH of the high Cu-contaminated soil was 4.6 
while that of the low Cu-contaminated soil was 5.4 
(Table 2). Thus, the higher Cu concentration of the soil 
collected 200 m from the abandoned copper mine could 
be attributed to its very low pH, making Cu more 
available for plant uptake, and to its proximity to the 
main source. The 42 ppm Cu-contaminated soil had 
higher % OM and % total N and lower available P and K 
content compared with the 212 ppm Cu-contaminated 
soil. The chemical composition of compost added as 
amendment is provided in Table 2.  
 Growth in soil with 212 ppm Cu. Two weeks after 
germination, the radicles of seedlings growing in soil 
with high Cu content without amendment and with T. 
pseudokoningii inoculant were short, stubby, blunt-
tipped, black and oriented upward. No root hairs or 
lateral roots developed. Inasmuch as the seedlings were 
not able to anchor to the soil and absorb water and 
essential nutrients, they eventually died a month after 
germination. Similar abnormalities were observed by 
other researchers in soils with high Cu concentration: 
thickening of root apices in Pinus seedlings (Arduni et al. 
1995) and inhibition of root hair production in Betula 
papyrifera (paper birch) and Lonicera tatarica 
(honeysuckle) (Patterson and Olson 1983).   
 In treatments with compost amendments, the seeds 
were able to germinate, develop a root system and 
produce leaves. However, two out of three replicates also 
died in the compost + T. pseudokoningii treatment after 
the first month. Also, within the first month of growth, 
the leaves of these surviving seedlings and those 
amended with compost alone turned chlorotic, which 
soon became necrotic. By the fourth month, the old 
leaves were eventually shed and only the young leaves 
were retained (Fig. 1A and 1B). The stems remained 
green. After leaf shedding at 4.5 mo, the remaining 
young leaves in seedlings treated with compost alone 
turned green again and new leaves were formed (Fig. 
2A). The seedlings resumed growth thereafter. However, 
the young leaves were purplish, showing signs of P 
deficiency (Fig. 2B). The surviving seedling in the soil 
amended with compost + T. pseudokoningii treatment 
showed similar characteristics as those treated with 
compost alone; however, no discussion of this seedling 
was included since it had no replicate.      
 Growth in soil with 42 ppm Cu. The seeds sown in 
all treatments in low Cu-contaminated soil germinated 
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and survived. Two weeks after germination, seedlings in 
the control and the T. pseudokoningii amendment grew 
faster as shown by more leaves in both treatments. 
However, purpling of the petiole of young leaves was 
observed after 1 mo since the soil had low available P. 
The seedlings grown in both compost-amended and 
compost + T. pseudokoningi media did not show this 
purpling of petioles, indicating that the compost initially 
was able to supply the needed P. Unlike in the high-Cu 
soil treatments, no signs of Cu toxicity were exhibited 

after 1 mo growth. Growth of seedling in compost + T. 
pseudokoningi was much slower, with few green leaves. 
However, by the fourth month of growth, all treatments 
in low-Cu contaminated soil showed signs of Cu toxicity. 
Leaves of seedlings in the control and compost + T. 
pseudokoningi exhibited chlorosis, followed by necrosis, 
wilting and finally senescence. Senescence of leaves 

Table 1. Heavy metal concentration of soil samples taken from Mogpog, Marinduque (200 m and 10 km away from the 
abandoned copper mine area of Consolidated Mines, Inc.). 
 

Heavy Metal 

Concentration (ppm) Normal Level in 

Uncontaminated 

Soil* (ppm) 

Toxic Concentration 
in Plant Tissue†  

(ppm) 
Soil Taken 10 km  

from the Mine Area 

Soil Taken 200 m from the 

Mine Area 

Cu 42 212 30 20–100 

 Cd 0.24 ± 0.01 0.26 ± 0.00 0.1–1 5–30 

Cr 4.12 ±0.10 3.29 ± 0.40 5–100 5–30 

 Pb 0.30 ± 0.05 0.52 ± 0.02 30 30–300 

Hg not detectable not detectable 0.01–1 1–3 

Ni 15.54 ± 0.23 15.51 ± 0.32 5–50 >50 
*Pfeiffer et al. (1988 ) 
†Kabata-Pendias and Pendias (2001) 

  

Table 2. Chemical analysis of soil samples and compost from Mogpog, Marinduque (200 m and 10 km away from the 
abandoned copper mine area of Consolidated Mines, Inc.). 

  

Chemical Analysis 

Soil Types 

Soil Collected 200 m from 
Mine Area 

Soil Collected from 10 km 
Away from Mine Area 

P (Bray ppm)  33.00                6.00   
K (cmol+ kg soil)    0.23 0.18 - 
% N    0.03 0.14 2.44 
% C - - 33.81 
% P2 O5 - -  2.84 
% K2O - -  2.53 
% OM   0.35  2.56 58.29 
C:N             13.80 

pH   4.60  5.40           8.00 

  Compost 

Fig. 1. Chlorosis of the leaves within the first month (A) 
and necrosis (B) and wilting by the fourth month 
of growth in J. curcas seedlings grown in high-Cu 
contaminated soil amended with compost alone. 

Fig. 2. Growth recovery of a 4.5-mo-old J. curcas 

seedling after defoliation (A) and 6.5 mo just 
before harvest (B) in high-Cu contaminated soil 
amended with compost. 

Growth of Jatropha curcas Seedlings in Copper-Contaminated Soils           C. S. Fontanilla and V. C. Cuevas 

The Philippine Agricultural Scientist Vol. 93 No.4 (December 2010)  



 5 

 

The Philippine Agricultural Scientist Vol. 93 No.4 (December 2010)  

could be a response of J. curcas seedlings to lessen the 
toxic Cu concentration within the plant (Prasad 2004). 
Seedlings treated with compost alone only exhibited leaf 
spot chlorosis, but did not wilt, while the seedling in 
compost + T. pseudokoningi exhibited slow growth of 
young leaves but no chlorosis, wilting, or necrosis of old 
leaves. Compost may have immediately formed 
complexes with the heavy metals such that the toxic 
effect of Cu was already lessened, which may explain 
why only leaf spot chlorosis was observed in treatments 
with compost amendments as a symptom of Cu toxicity. 
 Two weeks after the signs of Cu toxicity were 
observed, the seedlings were able to recover in all 
treatments. However, those seedlings treated with 
compost alone and with compost + T. pseudokoningi 
recovered much faster than the rest. Their leaves that 
were once chlorotic turned green again and more new 
leaves were produced. The last to recover were the 
seedlings with T. pseudokoningii amendment, which after 
6.5 mo of growth (before harvest) were still showing 
signs of N deficiency. At this stage, the new young leaves 
in all treatments were purplish even in the presence of 
compost, which could be an effect of P deficiency in the 
presence of excess Cu (Prasad 2004). 
 Figure 3 shows the growth curve of the seedlings 
based on plant height in low-Cu contaminated soil. In 
pots treated with fungal inoculant, the curve dipped 
down, beginning the 3rd month while in the control 
(unamended soil), it started at 3.5 mo. Height was lowest 
in both treatments on the 4th and 4.5th months. Seedlings 
in both compost-treated and compost-treated + fungal 
inoculant pots did not exhibit decrease in height, 
although there was minimal growth on the 3rd to the 4th 
months. The statistical analysis done at the end of the 
observation period at 6.5 mo showed that the two 
treatments where compost was added were not 
significantly different from each other, but were 
significantly higher than the treatments with no compost. 
 J. curcas seedlings were not able to grow in high Cu-
contaminated soil in the absence of compost while they 
were able to grow and survive even without compost in 
low Cu-contaminated soil, although they were stunted. 
These results indicate that the seedlings were able to 
tolerate up to 42 ppm Cu in soil. The results also showed 
that T. pseudokoningii inoculation did not help the 
seedlings overcome Cu toxicity. In both soil types, the 
performance of the seedlings in treatments with the 
fungus inoculation was similar to that of the control 
treatment. In high-Cu contaminated soil, the control and 
fungal-inoculated seedlings died after 1 mo, while in 
low-Cu contaminated soil, seedlings in the control and 
fungal-inoculated pots grew very slowly after the first 
month.  
 In Cu-contaminated soil where there was much less 
Cu toxicity, the growth performance of plants (measured 

in dry weights) in compost alone and compost + fungal 
inoculant treatments was not significantly different from 
each other. The dry weights of roots and leaves in 
compost treatments were significantly higher than those 
in treatments with no compost (Table 3). However, the 
dry weights of the stem in all treatments were not 
significantly different from each other. Symptoms of Cu 
toxicity in compost-treated plants were also less severe 
compared with those without compost. When the total 
dry weight of the whole plant was measured, seedlings 
with compost + fungal inoculant had significantly higher 
dry weights compared with the unamended and the 
fungal-inoculated treatments.  

 

Copper Concentration in Plant Organs 

The quantity of Cu accumulated by J. curcas seedlings in 
their plant organs after 6.5 mo growth (Table 4) was 
highly influenced by the concentration of the element in 
the potting medium. The higher the concentration of Cu 
in the medium, the greater the amount accumulated in the 
plant organs. Analysis of variance showed that at 5% 
level of significance, there were significant differences in 
the Cu concentration among parts of the plants (leaves, 
stems and roots) but none among treatments. Pair wise 
comparison showed that Cu concentration was 
significantly higher at the root; however, Cu 
concentrations in the leaves and stems were not 
significantly different. The roots accumulated Cu several 
times higher compared with the other plant organs. 
According to Fortunati et al. (2005), the root is the 
preferential site for Cu accumulation. Within roots, Cu is 
associated mainly with cell walls and is largely immobile 
(Kabata-Pendias and Pendias 2001). Thus, the cell-wall-
bound Cu fraction in the roots cannot be translocated to 
the shoots. The primary cell walls consist of a network of 

Fig. 3. Growth curve (plant height, cm) of Jatropha 

curcas L. seedlings grown in low-Cu 
contaminated soil with various amendments. 
Means with a common letter are not significantly 
different at 5% level using DMRT at the end of 
the 6.5-mo growth period. 
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cellulose, hemicellulose (including pectins) and 
glucoprotein. Their negatively charged carboxylic groups 
(-R-COO-) bind Cu, a positively charged metal ion. 
Hence, the strong capability of the root tissues to hold Cu 
against transport to the shoots under excess Cu is most 
probably a tolerance property of J. curcas (Prasad 2004). 
 The total amount accumulated by the seedlings in 
low-Cu contaminated soil (unamended) (46.5 ppm) and 
soil inoculated with Trichoderma (43.0 ppm) and in high 
Cu-contaminated soil with compost amendment (335.5 
ppm) exceeded the level of Cu originally analyzed to be 
present in the low-Cu contaminated (42 ppm) and high-
Cu contaminated (212 ppm) soils. According to Prasad 
(2004), a plant can influence the uptake of a certain 
metal. During soil analysis, what was measured was the 
bioavailable metal fraction, that is, the fraction of a metal 
which is possible for a plant to absorb, but not the total 
fraction that a plant actually takes up. There is still a 
fraction originating from the ability of plants to release 
metals from the soil colloids. Plants can lower soil pH by 
release of organic acids in the soil and low pH increases 
metal availability. The hydrogen ion from organic acids 
has a higher affinity for negative charges in the soil 
colloids, displacing the metal ions from these sites. The 
metal ions are released, in this case, Cu in the soil 
solution available for plant absorption (Prasad 2004). 
This could be one reason why a higher Cu concentration 
was accumulated in the plant tissues than the amount of 
Cu present in the soil and analyzed in this study.  
 This study revealed the capacity of J. curcas to 

accumulate Cu beyond its metabolic need of 20 ppm. In 
soil with 212 ppm Cu, it accumulated 309 and 26.5 ppm 
Cu in the roots and shoots, respectively. In soil with 42 
ppm Cu, it was able to accumulate 14–36.5 ppm Cu in 
the roots and 5.5–11.5 ppm Cu in the shoots. Thus, it can 
be classified as an accumulator. Other accumulators of 
Cu are Gentiana pennelliana and Phyla nodiflora. In soil 
with 300 ppm Cu, G. pennelliana accumulated 375 and 
10 ppm Cu in its roots and shoots, respectively (Yoon et 
al. 2006). On the other hand, P. nodiflora grown in soil 
with 516 ppm Cu accumulated 460 ppm Cu in its roots 
and 20 ppm Cu in its shoots. Non-accumulator species 
such as Cirsium lappaceum accumulated only 3 ppm Cu 
in the whole plant when soil Cu concentration is 119 ppm 
(Malayeri et al. 2008).  
 Cu content of potting media after 6.5 mo growth of J. 

curcas seedlings. After the experiment, the low Cu-
contaminated soil amended with compost and with 
compost + T. pseudokoningii, respectively, had 
significantly lower Cu concentrations at 3.5–4 ppm, from 
an initial concentration of 33.6 ppm, a reduction of 83–
85%. Reduction of Cu in high-contaminated soil 
amended with compost was from 169.6 to 25 ppm, a 
reduction of about 89% (Table 5). Cu content of the 
potting media of the control (unamended) and the 
Trichoderma-amended treatments after 6.5 mo in both 
high- and low-contaminated soils changed minimally. 
Only those treatments where compost was added had 
significantly decreased Cu. These results clearly showed 
that only compost was responsible for the removal of Cu 
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Table 3. Dry weights of the different organs of J. curcas seedlings after 6.5 mo of growth in potting media. 

  

 Cu Concentration 
(ppm) 

Amendment 
Dry Weight (g) 

Root Stem Leaves Whole Plant 

212 Compost 4.53  8.60  5.87  19.00 
 42  None  

T. pseudokoningii 
 Compost 
 Compost + T. pseudokoningii 

 1.5 b1  
1.60 b 
3.63 a 
 4.30 a 
  

 6.87 a 
 5.40 a 
 7.90 a 
 8.83 a 

 1.17 b 
 2.57 b 
 5.23 a 
 5.80 a 

   9.53 b 
   9.57 b 
 16.77 ab 
 18.93 a 

Means with a common letter within a column are not significantly different at 5% level using DMRT. 

  

Table 4. Cu concentration in plant organs after 6.5 mo of growth of J. curcas seedlings in potting media. 

 

 Cu Concentration 

(ppm) 
 Amendment 

Cu Concentration (ppm) 

Root Stem Leaves Whole Plant 

212 Compost 309.0 a  8.0 b  18.5 b 335.5 
 42  None 

 T. pseudokoningii 

 Compost 

 Compost + T. pseudokoningii 

 Mean for all treatments 

 36.5 

 35.0 

 14.0 

 18.0 

 25.9 a 

 4.0 

 1.5 

 1.5 

 1.0 

  2.0 b 

   6.0 

   6.5 

 10.0 

   4.5 

   6.8 b 

 46.5 

 43.0 

 25.5 

 23.5 

Within a row, means with a common letter are not significantly different at 5% using DMRT. 

Growth of Jatropha curcas Seedlings in Copper-Contaminated Soils           C. S. Fontanilla and V. C. Cuevas 



 7 

 

The Philippine Agricultural Scientist Vol. 93 No.4 (December 2010)  

from the growth media. As mentioned earlier, the normal 
level of Cu in the soil is 30 ppm (Pfeiffer et al. 1988). 
Therefore, in 6.5 mo, J. curcas L. grown with 20% 
compost can already decontaminate soil, even at very 
high levels of Cu contamination. On the other hand, in 
the unamended soil with low Cu contamination (control) 
and with T. pseudokoningii amendment, the potting 
media still contained about 38.5–41 ppm Cu (Table 5). 
Therefore, even if J. curcas L. is a Cu accumulator, it 
cannot effectively reduce the amount of Cu present in the 
soil without compost amendment. 
 Two factors might have reduced the Cu 
concentration in the soil: plant uptake and Cu-forming 
complex with the metal-binding properties of organic 
matter in compost.  
 

Possible Role of Compost in Phytoremediation 
Improvement in the growth of J. curcas seedlings in both 
low- and high-Cu contaminated soil amended with 
compost may be due to the improvement of pH and the 
reduction of Cu concentration in the potting media. In 
high-Cu contaminated soil amended with compost alone, 
pH increased from 4.6 to 7.6, while in the low-Cu 
contaminated soil amended with compost and compost + 
T. pseudokoningii, pH increased from 5.4 to 7.7. With an 
increase in soil pH, macronutrients such as N, P, K, Ca, P 
and Mg were made available to the seedlings, and at pH 
5–7, excess Cu was insoluble for plant uptake (Ross 
1994). Usually, Ca, P and Mg become available above 
pH 6 (Splittstoesser 1979).   
 Reduction of Cu concentration can probably be 
attributed to the metal-chelating properties of organic 
matter in compost (Kabata-Pendias and Pendias 2001). 
When the metal is chelated by large-molecular-weight 
molecules such as humic acids present in the organic 
matter of compost, it is rendered insoluble and immobile 
and not available for plant uptake.  

 

 

CONCLUSION 
 
Results of the pot experiment revealed that J. curcas L. 
can tolerate up to 42 ppm Cu in the soil, but cannot grow 
in soil with a high level of contamination of up to 212 
ppm. Addition of compost in the potting medium (at least 
20% w/w per plant) greatly improved the growth 
performance of J. curcas at both low and high levels of 
Cu contamination. Inoculation of the soil with T. 

pseudokoningii R. did not protect the seedlings from Cu 
toxicity. In both soil types, amendment with compost 
resulted in 83–89 % reduction in the Cu concentration in 
the potting media. Reduction in the Cu concentration was 
largely attributed to the metal-binding properties of 
organic matter in compost. In addition, soil pH also 
increased in both soil types amended with compost (4.6–
7.6 in high-Cu and 5.4–7.7 in low-Cu contaminated 
soils). Increase in the soil pH decreased the solubility of 
Cu.   
 Growth of J. curcas seedlings in Cu-contaminated 
soils was stunted due to periods of leaf defoliation, 
probably a mechanism of the plant to decrease Cu 
concentration in its body. J. curcas is a Cu accumulator; 
it was able to accumulate Cu in its plant organs, 
especially in the root, more than the metabolic need of 20 
ppm. Cu accumulation in all the plant parts was in the 
order of roots, leaves and stem. 
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 Table 5. Cu concentration of potting media before and after harvest of 6.5-mo-old J. curcas seedlings. 

  

Treatment 

Initial Cu 

Concentration 

(ppm) 

Cu Concentration after 6.5 

mo (ppm) 
% Cu Reduction 

High Cu-contaminated soil 212     

Unamended soil 212 212 a   0 

Amended with Trichoderma 212 208 a   1.9 

Amended with compost 169.6   25 b 85.25 

Amended with compost + Trichoderma 169.6   29 b 82.90 

 Low Cu-contaminated soil 42     

Unamended soil 42 38.5 a  8.3 

Amended with Trichoderma 42 41.0 a  2.3 

Amended with compost 33.6   4.0 b 88.00 

Amended with compost + Trichoderma 33.6   3.5 b 89.5 

Means with a common letter in a column within each type of soil are not significantly different at 1% level of significance using DMRT. 
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