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ABSTRACT  
This research was conducted in pot experiment in greenhouse by planting sorghum in lead contaminated and 
the growth of plants, accumulation of lead in different parts of plant and ability in translocation of lead from soil into pl
economic plant and animal feed moreover, it can absorb metals from contaminated s
harmful to consumer. Sorghums were planted in lead contaminated and uncontaminated soils. Sampling started harvesting on day 
next samples were conducted on day 70 and 105 after planting. The
flowers divided on day 70, finally the last 4 parts as roots, stems and leaves, pericarps and seeds were done on day 105 of p
results showed the sorghums were planted in both soi
found the lead (109.2±39.4 and 72.5±9 mg kg
addition, the amount of lead in sorghum harvesting period of 105 days was more concentrated than 35 and 70 days, respectively. While the 
value of consideration factor (extraction coefficient and shoot/root quotient) which involved in translocation of lead from s
was less than 1, therefore it was not suitable to clean up lead contaminated soil.
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Nowadays the problems of heavy metal contamination in environment are strongly increasing 

effect on human activities, such as, flaking lead paint, incinerators and motor vehicles
industrial activities, such as, mining and smelting of metal liferous ores, energy and fuel production, fertilizer 
and pesticide application have been impacted 
of contaminated area with heavy metals. This advantage is green technology and contaminated biomass may be 
used for energy production, whereas remaining ashes are dumpe

Sorghum (Sorghum bicolor L. Moench
Sorghum is main source of food in India and Africa and several plants in arid and semi
[4].Sorghums may be risk to lead contaminated soil, if they are cropped in lead contaminated soil. In Thailand, 
in 1998, lead is the primary problem of contaminated water in Klity creek at Kanchanaburi province. The 
sources of lead were both natural and lead mining. Lead had
the untreated wastewater from the ore
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This research was conducted in pot experiment in greenhouse by planting sorghum in lead contaminated and uncontaminated soil to observe 
the growth of plants, accumulation of lead in different parts of plant and ability in translocation of lead from soil into pl
economic plant and animal feed moreover, it can absorb metals from contaminated soil and accumulate metals in partial organs and may be 
harmful to consumer. Sorghums were planted in lead contaminated and uncontaminated soils. Sampling started harvesting on day 
next samples were conducted on day 70 and 105 after planting. The roots and shoots were divided on day 35, as stems and leaves and 
flowers divided on day 70, finally the last 4 parts as roots, stems and leaves, pericarps and seeds were done on day 105 of p
results showed the sorghums were planted in both soil types not significantly different growth rate. Lead concentrations in different parts 

mg kg-1in first and second crop, respectively) were more accumulated in the roots than other parts. In 
d in sorghum harvesting period of 105 days was more concentrated than 35 and 70 days, respectively. While the 

value of consideration factor (extraction coefficient and shoot/root quotient) which involved in translocation of lead from s
ess than 1, therefore it was not suitable to clean up lead contaminated soil. 

Phytoaccumulation, Sorghum, Lead, Contaminated soil, Growth 

INTRODUCTION 

Nowadays the problems of heavy metal contamination in environment are strongly increasing 
effect on human activities, such as, flaking lead paint, incinerators and motor vehicles
industrial activities, such as, mining and smelting of metal liferous ores, energy and fuel production, fertilizer 

ion have been impacted [1,2]. Phytoaccumulation is alternative technology for remediate 
of contaminated area with heavy metals. This advantage is green technology and contaminated biomass may be 
used for energy production, whereas remaining ashes are dumped, included construction materials 

L. Moench) is family Poaceae and important of the world’s cerial crops. 
Sorghum is main source of food in India and Africa and several plants in arid and semi

risk to lead contaminated soil, if they are cropped in lead contaminated soil. In Thailand, 
in 1998, lead is the primary problem of contaminated water in Klity creek at Kanchanaburi province. The 
sources of lead were both natural and lead mining. Lead had been mined for more than 30 years in this area and 
the untreated wastewater from the ore-dressing discharged into Klity Creek [5]. In this study, sorghums were 
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uncontaminated soil to observe 
the growth of plants, accumulation of lead in different parts of plant and ability in translocation of lead from soil into plant. Sorghum is an 

oil and accumulate metals in partial organs and may be 
harmful to consumer. Sorghums were planted in lead contaminated and uncontaminated soils. Sampling started harvesting on day 35 and the 

roots and shoots were divided on day 35, as stems and leaves and 
flowers divided on day 70, finally the last 4 parts as roots, stems and leaves, pericarps and seeds were done on day 105 of planting. The 

l types not significantly different growth rate. Lead concentrations in different parts 
in first and second crop, respectively) were more accumulated in the roots than other parts. In 

d in sorghum harvesting period of 105 days was more concentrated than 35 and 70 days, respectively. While the 
value of consideration factor (extraction coefficient and shoot/root quotient) which involved in translocation of lead from soil into plants 

Nowadays the problems of heavy metal contamination in environment are strongly increasing and have an 
effect on human activities, such as, flaking lead paint, incinerators and motor vehicles [1]. Furthermore, 
industrial activities, such as, mining and smelting of metal liferous ores, energy and fuel production, fertilizer 

Phytoaccumulation is alternative technology for remediate 
of contaminated area with heavy metals. This advantage is green technology and contaminated biomass may be 

d, included construction materials [3]. 
oaceae and important of the world’s cerial crops. 

Sorghum is main source of food in India and Africa and several plants in arid and semi-arid regions 
risk to lead contaminated soil, if they are cropped in lead contaminated soil. In Thailand, 

in 1998, lead is the primary problem of contaminated water in Klity creek at Kanchanaburi province. The 
been mined for more than 30 years in this area and 

. In this study, sorghums were 



48                                                                    Saychol Sukyankij et al, 2016 
Advances in Environmental Biology, 10(10) October 2016, Pages: 47-52 

 

 

planted in lead contaminated soil from mining activity, which were collected from Klity lead mining, 
Thongpaphom district, Kanchanaburi province, Thailand. The objectives of the study were (1) to evaluate the 
biomass of sorghum growth on lead contaminated soil (2) to estimate lead accumulation capacity of sorghum 
and (3) to calculate lead translocation from soil into various parts of sorghum. 

 
MATERIALS AND METHODS 

 
Plant and Soil Preparation: 

Sorghum seeds cv‘KKU40’ were obtained from national corn and sorghum research center, Nakhon 
Ratchasima province. The experiment was conducted in the greenhouse of research and development institute 
Kamphaengsean, Kasetsart University, Nakhon Pathom, Thailand.  The soil culture used for experiment was 
collected only the surface (0-30 cm) from Klity mining lead, Thongpaphom district, Kanchanaburi province and 
from research and development institute Kamphaengsean, representative of lead-contaminated and 
uncontaminated soil, respectively. The soils were air-dried for 2 weeks, then mixed and put in pots. A total soil 
of 10 kg was put in experimental pots, after that sow 3 seeds of sorghum in each pot when the plant started to 
germinate divided seedling 1 plant per pot. The experimental design was a completely randomized design 
(CRD) with 5 replications (pots) per treatment. Total soil lead was determined following [6], to determine the 
concentration of lead in soil which were air-dried and ground passed through 0.5 mm sieve, 0.2 g of soil was 
digested with 10 mL of these three acids mixture [HNO3:HClO4:HCl/H2O(1/10 v/v) 11:4:10 v/v]. After 
digestion, lead concentration was measured by a flame atomic absorption spectrophotometry (Spectra AA 200). 

 
Plant Harvesting and Plant Sampling Analysis: 

Sampling started harvesting on day 35 and the next samples were conducted on day 70 and 105 after 
planting. The roots and shoots were divided on day 35, as stems and leaves and flowers divided on day 70, 
finally the last 4 parts as roots, stems and leaves, pericarps and seeds were done on day 105 of planting. After 
harvesting, the samples were washed thoroughly in running tap water. Each part was cut into small pieces, 
grounded and dried for 2 days at 80ºC[7]. The concentration of lead in plant was extracted by conventional 
nitric-perchloric digestion, 0.5 g of the samples was dissolved in 6 mL of the acids mixture (HNO3:HClO4 5:1 
v/v). The samples were digested in a block digester at 210ºC, filtered and adjusted to a volume of 50 mL with 
distilled water. The lead content of the acid extract was determined with flame atomic absorption 
spectrophotometry (Spectra AA 200). 

 
Phytoaccumulation Rate, Percentage of the Lead Uptake, Shoot/Root Quotient and Extraction Coefficient: 

The potential for phytoremediation depends on four variables: plant biomass, plant metal concentration, soil 
metal concentration, and the soil mass in the rooting zone. The phytoaccumulation rate (PR) of plant was 
calculated by the following equation [8]. 
 
Phytoaccumulation rate (PR)= [(C  plant × M plant) /(C soil × M rooted zone)] × 100% 

 
Where:M plant is the mass of the total biomass produced in one harvest, C plant is the metal concentration in 

plant tissue,   M rootedzone is the mass of the soil volume rooted is 10 kg DW, and C soil is the metal concentration 
in the soil. 

The percentage of the lead uptake is calculated from % uptake = [(C0-C1)/C0]×100, where C0 and C1are 
initial and remaining concentration of lead in soil [2]. 

Shoot/root quotient is calculated as follows: shoot/root quotient = lead concentration in plant shoot/lead 
concentration in plant root. Shoot/root quotient is greater than 1 and indicates preferential partitioning of metals 
to the shoot [9]. 

Extraction coefficient is calculated as follows: extraction coefficient = lead concentration in plant 
shoot/lead concentration in soil. Extraction coefficient can be used to evaluate the ability of plant to accumulate 
the heavy metal [10]. 

 
Data Analysis: 

The experiment data were analyzed by using the SAS System for Windows 9.0, analysis of variance 
(ANOVA) and student t-test for significant difference (p<0.05). Duncan’s new multiple range test (DMRT) was 
used to determine significant differences (p<0.05). 
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RESULTS AND DISCUSSIONS 
 

Plant Biomass: 
The result showed non-significant difference between the first crop biomass of sorghum which was planted 

on lead contaminated and uncontaminated soil on day 35 and 105 of harvesting (p>0.05), but there was 
significant difference on day 70 (p<0.05). In the second crop, the result also identified there was no significant 
difference (p>0.05) all treatments. The result showed in first crop at harvesting on day 105 found the highest 
biomass DW of lead uncontaminated soil higher than lead contaminated soil in all treatments. In contrast, 
second crop of sorghum at harvesting on day 70 showed the highest biomass (DW) of lead contaminated soil 
higher than uncontaminated soil in all treatments (Table1).  

The experimental soil was high level of lead concentration (1,450 mgkg-1), while the control soil was 
normal level of lead concentration (35 mg kg-1).Ho et al. [10] studied lead uptake, translocation and 
immobilization in kenaf of sand tiling reported that biomass of plant decreased with the addition amount of lead 
put into soil culture medium. In this study, sorghum was planted in high level of lead contaminated soil (1,450 
mg kg-1) and showed a normal growth not phytotoxic plant. It indicated that lead did not affect on growth of 
sorghum. According to Panich-pat and Srinives,[7]studied partitioning of lead accumulation in rice plant and 
reported rice growth on the soil effects of lead concentration 1,500 and 3,000 mg L-1 found the rice grown well 
in both control and the highest lead concentration and did not effect on physically cause lead of toxicity. In 
addition, biomass can express the tolerance of plant to toxic metals indirectly but most of metal 
hyperaccumulators were small and slow growing [11]. 

 
Lead Accumulation: 

The experimental soil of lead contaminated and uncontaminated was clay loam texture in both types with 
pH 7.18 and 7.54, respectively. The electrical conductivity of soil (ECe) was 0.69 and 0.62, the value of both 
soil types not salinity stress for plant. The initial total concentration of lead (Pb) in contaminated and 
uncontaminated soils was 1,450.13 and 35.08 mg kg-1, respectively. Lead concentration in different parts of 
sorghum showed in Table2. In the first crop, the concentration of lead in roots and stems and leaves of sorghum 
on day 105 was planted in lead contaminated soil and the control soil showed significant difference (p<0.05). 
However, the sorghum’s roots and stems and leaves absorbed the highest amount of lead on day 105 of 
harvesting (109.2±39.4 mg kg-1 and 14.0±3.5 mg kg-1, respectively). While the lead level of roots on day 35 and 
70 had approximately 79.7±4.9 and 76.8±3.9 mg kg-1respectively, and stems and leaves approximately 13.4±5.6 
and 13.3±3.2 mg kg-1 respectively. The result of lead accumulation in flowers, pericarps and seeds of sorghum 
showed no significant difference (p>0.05) in both soils. On the other hand, sorghum planted in lead 
contaminated soil trend to accumulate of lead higher than sorghum planted in lead uncontaminated soil (control 
soil). Lead concentrations in seed of sorghum planted in contaminated and control soil were 0.08±0.04 and 
0.6±0.2 mg kg-1, respectively. The results of the both crops were similar but the lead concentrations in sorghum 
planted in contaminated soil were decreased approximately 0.5- 1.0 folds in the first crop. On day 105 and 70 of 
second crop harvesting found the highest lead accumulation in roots (72.5±9.1 mg kg-1) and stems and leaves 
(5.7±3.7 mg kg-1) in lead contaminated soil, respectively.   

In this study, increasing period of growth in sorghum which was planted in contaminated soil highly 
increased accumulation of lead in the whole parts of the plant. On day 105 of the harvesting was the highest lead 
concentration in roots. However, all harvesting time found roots could be accumulated lead higher than other 
parts. Kaewsringam et al.[11]studied lead accumulation and isolation of rhizobacteria from maize grown in 
contaminated soil showed that cultivation on day 120, 70 and 40 had the highest lead accumulation in root. In 
contrast, Adesodumet al.[12] studied phytoremediation potential of sunflower for metals in soil which was 
contaminated with zinc and lead nitrate reported at 4 weeks after planting, it showed the highest lead 
accumulation. At6 and 8 weeks after planting had lesser than lead accumulation at 4 weeks. Our study found the 
highest lead concentration in roots›stems and leaves› pericarps› flowers› seeds. According Murillo et al. 
[13]reported sorghum accumulated lead more in roots than stems and leaves about 2.5 and 2.0 fold, respectively. 
Roongtanakiat and Sanoh [14]studied phytoextraction of zinc, cadmium and lead from contaminated soil by 
vetiver grass reported vetiver grass planted on soil concentration with lead 345 mg kg-1 had accumulated lead in 
shoot and root average 5.1 and 18.3 mg kg-1, respectively. On the other hand, lead did not essential element of 
plant and low solubility in soil for difficult translocation to harvestable in plant parts [15]. Therefore, most lead 
was accumulated in roots greater than other parts. Normally the concentration of lead in plant should be 0.5-10 
mg kg-1 and plant phytotoxicity concentration of lead was 30-300 mg kg-1[16]. WhileKabata-Pendias and 
Pendias, [1]reported plant could be growth on 100-400 mg kg-1 of lead in soil would be considered toxic of 
plant. Moreover, sorghum planted in lead contaminated soil had accumulated lead in seeds (0.6 and 0.7 mg kg-

1in first and second crop, respectively) with exceeded standard for human consumption not over than 0.2 mg kg-

1 DW [17]. However, the value of lead in seeds not over than level used for animal feeds (30 mg kg-1) [18]. 
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Phytoaccumulation Rate, Percentage of the Lead Uptake, Extraction Coefficient and Shoot/Root Quotient: 
The phytoaccumulation rate (PR) of lead for sorghum planted in contaminated soil showed in figure(1,A). 

The first crop had PR higher than the second crop increased PR upon increased harvesting day and showed the 
significant difference (p<0.01) in both crops on 105 days. The highest PR rate in the first and second crops was 
0.129% and 0.076%. Percentage lead uptake showed significant difference (p<0.05 in first crop and p<0.01 in 
second crop) on day 70 of harvesting found the highest percentage lead uptake as5.06% and 6.07% in first and 
second crop, respectively (figure 1,B). Figure (1,C) showed no significant difference shoot/root quotients or 
translocation factor both the first and second crops. However, the first crop was the highest shoot/root quotients 
on day 70 of the harvesting (0.20). While the second crop was the highest shoot/root quotients on day 35 of the 
harvesting (0.15).The extraction coefficients or bioconcentration factor of sorghum planted in contaminated soil 
presented in figure(1,D). The highest extraction coefficients at day 105 as 0.092 in first crop and 0.062 in 
second crop also showed there significant difference (p<0.05) 

The phytoaccumution rate (PR) from experiment indicated sorghum on harvesting 105 days had potential 
for phytoremediation higher than other harvesting times, since the period contact with lead contaminant greater 
than at harvesting 35 and 70 days were cause at harvesting 105 days had the highest PR. Zhuang et al.[18] 
studied phytoextraction of heavy metals by eight plant species in the field reported Viola baosshanensis and 
Rumex K-1 growth on soil treated with EDTA increasing PR higher than control about 13 folds. Percentage lead 
uptake of first crop similar to second crop was the highest harvesting on day 70 while harvesting on day 35 had 
difference pronounced between first and second crop. The experimental data differ fromTanhan et al.[2] found 
Chromolaena odorata exposed to various metal concentration on 3,6,9,12, and 15 days, and the highest 
percentage lead up take on 3 days. Zhuang et al. [18] found the application of EDTA treatment increasing 
percentage lead uptake approximately 3.5 folds. The extraction coefficient and shoot/root quotient were 
important parameters for studies of heavy metal accumulation and translocation [19]. In this study, extraction 
coefficient in both crops had the highest on harvesting day 105 approximately 0.09 and 0.06 in first and second 
crops, respectively all with lesser than 1. The shoot/root quotient was the highest on harvesting day 70 and 35 in 
first crop as 0.23 and second crop as 0.15. Considering extraction coefficient and shoot/root quotient all value 
lesser than 1, therefore of this study sorghum could not be hyperaccumulator plant [3]. 

 
Table 1: Dry Weight Biomass of Sorghum Growth on Lead Contaminated and Uncontaminated Soil (Control).  

Treatment (harvesting 
days) 

First crop (g) 1/ Second crop (g) 1/ 
Control Contaminated soil Control Contaminated soil 

35 days 11.5±3.8ns 10.7±2.4 9.2±3.9ns 8.7±3.6 
70 days 127.8±18.2 * 100.3±11.0 129.4±19.7ns 136.8±19.4 
105 days 157.0±37.1ns 141.8±14.5 121.3±15.3ns 129.9±24.2 

* Significant differences from contaminated soil (p<0.05 of t-Student test),ns Non-significant difference from contaminated soil (p>0.05 of t-
Student test)., 1/ Values are means from 5 replications with the standard deviation. 
 
Table 2: Lead Concentration (mg kg-1 DW) in Different Parts of Sorghum Planted in Lead Contaminated and Uncontaminated Soil. 

Treatment 
First crop (mg kg-1)1/ Second crop (mg kg-1)1/ 
Control Contaminated soil Control Contaminated soil 

Harvesting on 
35 days 

Roots 3.8±2.4 79.7±4.9**  3.5±1.1 36.1±9.6* 
Stems and leaves 0.5±0.6 13.4±5.6* 0.6±0.9 5.1±1.6* 

Harvesting on 
70 days 

Roots 5.4±0.7 76.8±3.9**  2.6±1.3 48.5±6.9**  
Stems and leaves 1.3±1.7 13.3±3.2* 1.4±1.5 5.7±3.7ns 
Flowers 2.4±1.6 3.9±1.5ns 0.2±0.2 1.1±0.9ns 

Harvesting on 
105 days 

Roots 3.1±0.05 109.2±39.4* 4.0±1.6 72.5±9.1**  
Stems and leaves 1.2±1.3 14.0±3.5* 1.3±2.3 5.3±2.2ns 
Pericarps 0.9±1.0 1.9±1.2ns 0.4±0.6 2.0±1.8ns 
Seeds 0.08±0.04 0.6±0.2ns 0.01±0.01 0.7±0.8ns 

**,* Significant differences from control (p<0.01 and p<0.05 of t-Student test respectively), ns Non-significant difference from control 
(p>0.05 of t-Student test), 1/ Values are means from 5 replications with the standard deviation. 

 
Conclusion: 

Sorghum planted in lead contaminated soil could grow well likewise sorghum planted in uncontaminated 
soil by considering biomass of plant indicated high lead level not effect on plant growth. The lead concentration 
in different parts respective order from high to low in roots, stems and leave, pericarps, flowers and seeds, in 
addition found on harvesting 105 days had the highest lead accumulation in whole plants. The concentration of 
lead in seeds found over standard for human consumption but not over standard for animal feeds. Finally, 
sorghum was not suitable for using in cleaning up lead contaminated land because it has lower lead translocation 
from soil into plant.   
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Fig. 1: Sorghum in the first and second crops on harvesting days 35, 70 and 105 growing in lead contaminated 
soil was presented the data of (A) phytoaccumulation rate (B)  percentage Pb uptake (C) shoot/root 
quotient and (D)extraction coefficient planted in conta
values are means from 5 replications with the standard deviation, bars marked by the same letter are not 
significantly different at P<0.05 by comparing between harvesting days, according to Duncan’s new 
multiple range test (DMRT).
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Sorghum in the first and second crops on harvesting days 35, 70 and 105 growing in lead contaminated 
soil was presented the data of (A) phytoaccumulation rate (B)  percentage Pb uptake (C) shoot/root 
quotient and (D)extraction coefficient planted in contaminated soil on different harvesting times, the 
values are means from 5 replications with the standard deviation, bars marked by the same letter are not 

<0.05 by comparing between harvesting days, according to Duncan’s new 
ple range test (DMRT). 
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