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ABSTRACT: The increasing demand for biomass for the production of bioenergy is generating land-use conflicts 

which might be avoided through the establishment of dedicated energy crops on marginal land, e.g. heavy-metal 

contaminated land. Yet, heavy metals contaminated soils might induce the reduction of crop yields and the quality of 

agricultural products, desertification, and the loss of ecosystem services. Therefore, assessment of bioenergy from 

marginal land should take into account constraining factors, such as productivity and biomass quality. Hence, the aim 

of this work was to study the effects of soils contaminated with heavy metals (Chromium, Copper, Lead and Zinc) on 

growth and productivity of kenaf. The study was performed in a pot essay and the plants were tested in sandy soils 

and clay soils. The soils were artificially contaminated, and the concentrations chosen were based on the limits 

established by the Decree Law 276 of 2009 (Portuguese regulation that establishes the regime for the use of sewage 

sludge in agricultural soils) - Zn: 450 mg/kg; Cr: 300 mg/kg; Pb: 450 mg/kg and Cu: 200 mg/kg. Results indicate that 

all the contaminated soils affected the growth and yields of kenaf. Highest yield reduction was observed in sandy 

contaminated soils than in clay contaminated soils, although this trend was not statistically significant. Copper was 

the metal that affected most yields and growth of kenaf in clay soils. In sandy soils, it was chromium that affected 

most, yields and growth of kenaf. Overall, yield reduction due to heavy metals contamination was above 50%, which 

may hinder its economical exploitation. Biomass is being characterized to evaluate the phytoremediation ability of 

this cultivar to the heavy metals studied. 
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1 INTRODUCTION 

 

Kenaf (Hibiscus cannabinus L.) is an annual, short-

day, erect, herbaceous, dicotyledonous crop [1-8] 

belonging to the genus Hibiscus of the Malvaceae family, 

a family with great economical and horticultural 

importance [9-12]. It is characterized by a rapid growth 

and high yield of fiber, with strong resistance to stress 

and great adaptability to marginal conditions [13-16]. 

Due to its high biological efficiency and wide 

ecological adaptability, Kenaf is currently cultivated in 

more than 20 countries [17], of which [18] points to 

India, China, Brazil and Cuba as the most important. 

As an income crop that does not enter the food chain, 

several studies have been carried out showing the 

potential of Kenaf to produce bioenergy and biomaterials, 

as well as for the recovery of soils contaminated by 

heavy metals. An example is pointed out in the study 

developed by [19], in which, in addition to reinforcing 

information on the economic value of Kenaf, it also 

found that Kenaf has the capacity to capture cadmium 

from the ground. Thus, the aim of this work was to study 

the effects of soils contaminated with Chromium, 

Copper, Lead and Zinc on the growth and productivity of 

kenaf biomass as a way of reinforcing existing 

information and to open new possibilities for the 

profitability of marginal soils. 

 

 

2 MATERIALS AND METHODS 

 

In May 2018, soil collection, contamination and 

sowing were carried out in pots of the Kenaf H328 

variety. The contamination was done with saline 

solutions, in the two types of soils (sandy and clay), 

according to Portuguese regulation that establishes the 

regime for the use of sewage sludge in agricultural soils 

[20] (table I). For each treatment 3 replicates and 

respective control pots were established. After 

contamination, seeds were sowed, and after plants 

reached 20 cm were thinned to reach 5 plants per pot. 

The cover fertilization was made with 23g of P2O5.m-2, 

17.8g of K2O.m-2, 3g of Nitrolusal.m-2 and 3g of Urea.m-

2. During the whole cycle of the culture, daily irrigation 

was performed with 50ml of tap water. Care was taken to 

collect the respective leachates, which were incorporated 

into the soil along with the irrigation water. 

 

Table I: Levels of contamination tested (mg.kg-1) for 

each metal studied and salt used for the contamination 

 

Metal Contamination Salt 

Zn 450 ZnCl2 

Cu 200 CuCl2.2H2O 

Cr 300 CrCl3.6H2O 

Pb 450 Pb (NO3)2 

 

The harvest was made in November 2018. The 

biometric parameters such as plant height, leaf area 

index, number of leaves and the productivity were 

determined. Subsequently, the chemical parameters will 

be determined in order to study the biomass quality.  
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3 RESULTS AND DISCUSSION 

 

The biometric parameters analysis for the two soil types 

gave us information about plant height, leaf area, number 

of leaves and productivity. 

 

3.1 Plant growth 

 

Figure 1, indicates that Kenaf plant height was 

significantly reduced due to the contamination, 

independently if it is Zn, Cu, Cr or Pb. However, this 

reduction is greater in sandy soils, where the effect of 

chromium exerted a higher influence on Kenaf growth, 

leading to a reduction of 44%, while zinc, copper and 

lead reduced growth by 42% 37% and 31%, respectively. 
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Figure 1: Height of Kenaf plants, sowed in clay and 

sandy soils contaminated by zinc, copper, lead and 

chromium 

 

As for clayey soils, plant growth decreased by 13% 

with lead, 34% with zinc, 36% with copper and 39% with 

chromium. Lead was the metal that affected less the plant 

height, either in sand or clay soils. 

 

3.2 Number of leaves 

 

Regarding to the number of leaves, the results show 

that, in sandy and clayey soils, chromium contamination 

greatly affects the Kenaf culture (Figure 2), causing a 

reduction of 54% in clayey soils and 68% in sandy soils. 

On the other hand, although it also causes a reduction in 

the number of leaves, zinc is the metal that least affects 

this crop with about 29% and 32% reduction in the 

number of leaves in the clayey and sandy soils, 

respectively. 
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Figure 2: Number of leaves, from kenaf sowed in clay 

and sandy soils contaminated by zinc, copper, lead and 

chromium 

 

The negative influence of copper and lead in the 

number of leaves is its reduction by 49.5% and 42.6% in 

clayey soils and 34% and 57% in sandy soils. 

 

3.3 Leaf area 

 

In this essay, there was a difference in the leaf area 

for each treatment and the sandy soil presented greater 

variation. Figure 3 shows that contamination with zinc 

and copper in sandy soils reduced the area of leaves by 

25% and 48%, while lead and chromium caused a 

reduction of about 89% and 92%.   
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Figure 3: Leaf area of Kenaf, sowed in clay and sandy 

soils contaminated by zinc, copper, lead and chromium 

 

Although lead had a great influence on sandy soils, in 

the case of clay soils it was the metal that had the least 

influence on the leaf area, with a reduction of 33% of the 

area, followed by zinc with 36%, copper with 80% and 

finally chromium, which most affected this variable, with 

around 83%. 

 

3.4 Crop yield 

 

Significant decrease in yield of Kenaf was showed 

when it is cultivated in soils contaminated with zinc, 

chromium, copper and lead. However, figure 4 shows 

that yield reduction due to contaminated soils are 

relatively better in clay soils when compared to sandy 

soils.  
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Figure 4: Productivity of Kenaf, sowed in clay and sandy 

soils contaminated by zinc, copper, lead and chromium in  

 

Analyzing for each contaminant, the reduction of Kenaf 

yield in zinc contaminated soils was about 50% for both 

clay soils and sandy soils. Copper and chromium 

contamination reduced yield by 66% and 50% in clay 

soils and by 73% and 84% in sandy soils. A curious 

aspect was the behavior of lead, which in clay soils was 

the metal that had the least effect on crop yield, with a 

decrease of 32%, while in sandy soils the lead caused a 

reduction in the order of 75%. Copper was the metal that 

affected most yields and growth of kenaf in clay soils. In 

sandy soils, it was chromium that affected most, yields 

and growth of kenaf. 

 

 



4 CONCLUSIONS 

 

This study showed that kenaf is a tolerant crop that 

develops well in sandy and clay soils contaminated with 

zinc, copper, chromium and lead. When exposed to zinc 

and copper contamination, kenaf shows better yields 

when grown on sandy soils than in clay soils, while in 

clay soils the yields are relatively higher when exposed to 

chromium and lead contamination.  
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