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Abstract 

 

Hexachlorocyclohexanes (HCHs) are persistent organic pollutants that remain widespread in soils of Pakistan despite their global 

ban. This study assessed the phytoremediation potential of two grass species, Cynodon dactylon (Bermuda grass) and Lolium 

multiflorum (rye grass), for the removal of HCHs from contaminated soil. Plants were grown for 60 days in soils spiked with HCH 

concentrations of 5, 15, and 25 mg kg-1. Soil and plant samples were analyzed using GC-MS. Microbial biomass carbon increased in 

all treatments, indicating enhanced microbial activity in planted soils. Both species significantly reduced soil HCH concentrations, with 

C. dactylon showing slightly higher removal efficiency at elevated contamination levels. The results demonstrate that both grasses are 

capable of dissipating and accumulating HCHs from soil. Their rapid growth and low maintenance requirements highlight their 

suitability for short-term, sustainable phytoremediation of HCH-contaminated soils. 
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Introduction 

 

Environmental contamination is the great destroyer of 

quality of soil and water, as the urbanization and 

industrialization are growing so fast (Mukherjee & Bairwa, 

2025). Pesticide pollution is not just caused by agricultural 

activities, the other significant contributors to this pollution 

are the manufacturing, handling, improper storage, and 

disposal processes of pesticides and its associated wastes 

(Kaur et al., 2024). Specifically, organochlorine pesticides 

(OCPs) have become the universal pollutants of the planet 

since, with the signing of the Stockholm Convention, most 

of the OCP production and formulation plants, which are 

situated in close proximity to cities, have been abandoned 

without decommissioning (Keswani et al., 2022). 

The organochlorinated pesticides are now considered as 

one of the serious environmental issues (Mrema et al., 2013). 

Their toxicity and persistence are significant sources of threat 

to human health, wild animals, and ecosystems resulting in 

carcinogenesis, immunologic disorders, and reproductive 

issues (Chauhan et al., 2026). The most extensively 

investigated OCPs, hexachlorocyclohexanes (HCHs), have 

also been detected in all the environmental structures 

including remote areas like the Arctic (Baek et al., 2011). 

Lindane (γ-HCH), the most toxic isomer, has been extensively 

used to control agricultural pests. HCHs are harmful not only 

to humans and animals but also extremely toxic to insects and 

soil microorganisms (Nayyar et al., 2014). Among the eight 

known HCH isomers, α-, β-, γ- and δ-HCH are 

environmentally most significant (Li et al., 2011).  

Exposure to HCHs can impair plant germination, 

primary growth (Pereira et al., 2010), photosynthesis, 

biomass allocation, and overall physiological functioning 

(Košková et al., 2022). Due to their toxicity, environmental 

persistence, and global distribution, HCHs were added to 

the list of POPs in 2009 (Vijgen et al., 2011). The 

overgrowth of the agricultural sector has led to irreversible 

damage to the environment and natural resources due to 

exposure to chemical contaminants particularly persistent 

toxic substances (Anjaria & Vaghela, 2024).  

In developing South Asian countries, improper 

management of urban and agricultural wastes contributes 

substantially to environmental contamination (Islam et al., 

2021). Without advanced waste-treatment facilities, solid 

wastes are often dumped openly (Khan et al., 2012). While 

residues from obsolete OCP factories and stockpiles have 

further intensified regional contamination (Kurt-Karakus 

et al., 2024). The application of prohibited HCH 

formulations and the lack of the systematic approach to the 

management of outdated stocks have worsened the 
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situation in Pakistan. The pesticide contamination also 

interferes with the dynamics of microbial activities and 

enzymes in the soil, posing a negative impact on the 

productivity of the soil (Devi et al., 2018). 

Soil pollutants that persistently affect soil such as 

Persistent organic pollutants (POPs) have a severe effect on 

soil microbiota and groundwater concentration affecting the 

survival and health of plants and soil-dwelling organisms 

(Ullah et al., 2025). New pollutants, especially POPs, affect 

basic soil parameters such as pH, thermal stability, and 

chemical constructions causing a harmful effect on soil 

fauna (Song et al., 2025). Interestingly, the soil microbial 

communities have demonstrated the adaptivity to a high 

level of POPs and this implies their emerging use as 

significant players in the natural attenuating and 

bioremediation plans (Alidoosti et al., 2024). 

Phytoremediation which refers to the utilization of 

green plants, the related micro-organisms and modification 

of soil to eliminate, degrade or immobilize toxic substances 

is seen as an environmentally friendly and economical 

remediation method. It is possible to apply biodegradation to 

contaminated aquatic environments and soils (Nair et al., 

2024). Alternative methods of pollution control such as 

phytoremediation and biosynthesis are innovative 

bioremediation methods that are environmentally friendly 

(Lai Huat et al., 2024). Phytoremediation is a process that 

uses plants to extract, stabilize, or degrade the contaminants 

by involving the processes of phytoextraction, Phyto 

stabilization, phytovolatilization and phytodegradation 

(Chatterjee et al., 2013).  

Compared with shrubs and trees commonly used in 

phytoremediation studies, grass species offer several 

practical and ecological advantages (Gołda & 

Korzeniowska, 2016). Grasses typically exhibit rapid 

germination and growth rates, high aboveground biomass 

turnover, and extensive fibrous root systems that enhance 

soil-root contact and contaminant interaction (Rabêlo et 

al., 2021). Their shallow but dense root networks improve 

rhizosphere microbial activity, which is critical for the 

degradation of persistent organic pollutants such as HCHs 

(Azaizeh et al., 2010). In addition, grasses are easier to 

establish in contaminated or degraded soils, require shorter 

growth cycles, and allow repeated harvesting, making them 

more suitable for large-scale and cost-effective 

remediation strategies compared to woody plant systems. 

Phytoremediation provides a sustainable solution of 

HCH-contaminated soils by plant absorption, internal 

metabolism as well as plant microbe interaction (Balazs et 

al., 2018). Field research indicated that HCHs are capable of 

being accumulated and transformed in plant tissues, which 

is supported by carbon and chlorine isotope fractionation, 

which can affect the accuracy of Phyto screening (Liu et al., 

2023). The experimental studies also reveal the isomer-

specific uptake, preferential root accumulation, and 

increased bioaccumulation of δ-HCH (Amirbekov et al., 

2024). Furthermore, the increased rhizosphere microbial 

activity is also a major contributor of β-HCH attenuation 

(Kaur et al., 2021). Recent literature has underscored that 

sustained pollutants like HCH should be remedied in an 

integrated and sustainable manner, and thus 

phytoremediation should be employed to manage the soil 

over a long period (Roy et al., 2023). Plants can absorb the 

contaminants by use of their roots, be able to translocate to 

shoots and can even be able to convert to less toxic forms 

(Islam et al., 2024). A number of plant species have 

demonstrated good outcomes in OCP remediation. As an 

example, Jatropha was able to remove more than 89 percent 

of lindane in a glasshouse environment (Kumar et al., 2025), 

and a sunflower (Helianthus) plant exhibited a high 

phytoextraction capacity of OCPs because of its massive 

biomass and high uptake (Solhi & Hajabbasi, 2005). 

Despite extensive research on phytoremediation of 

organochlorine pesticides, studies specifically focusing on 

grass species for hexachlorocyclohexane (HCH) remediation 

remain limited. Most previous work has emphasized woody 

plants, hyperaccumulators, or general plant screening for 

OCP removal, while systematic evaluation of fast-growing 

grass species under controlled HCH concentration gradients 

is still scarce. In particular, comparative studies involving 

Cynodon dactylon and Lolium multiflorum for HCH uptake, 

dissipation, and associated effects on soil microbial biomass 

carbon are rarely reported. 

Therefore, the present study is designed to evaluate the 

phytoremediation potential of two fast-growing grass 

species, Cynodon dactylon and Lolium multiflorum, under 

controlled HCH contamination levels (5, 15, and 25 mg kg-

1). This research specifically investigates HCH dissipation in 

soil, plant growth responses, and associated changes in soil 

microbial biomass carbon. By integrating plant uptake and 

soil biochemical responses, this study provides new insights 

into the effectiveness of grass-based systems for remediation 

of HCH-contaminated soils under varying pollution loads. 

 

Material and Methods 
 

Study site: The National Agricultural Research Centre 

(NARC) located in Islamabad; Pakistan was the center 

where the study was done. It is a subtropical place with 

alluvial soil at an elevation of 540 meters above sea level, 

33.72148 C N and 73.04329 C E. The region has a rainfall 

of 1,224 mm annually and the temperatures of the area vary 

between 10oC and 38oC. The NARC growth chambers 

offer controlled conditions in which experiments on plants 

can be carried out. 
 

Experimental design: The experiment was conducted to 

evaluate HCH degradation in soil and to assess the 

phytoremediation potential of two grass species, Cynodon 

dactylon and Lolium multiflorum. Uncontaminated soil was 

collected from the National Agricultural Research Centre 

(NARC), air-dried, ground, and sieved through a 2 mm mesh 

sieve. The soil was artificially spiked with HCH at 

concentrations of 5, 15, and 25 mg kg-1, while un-spiked soil 

served as the control treatment. The spiked soils were placed 

in polythene bags and aged for 15 days to stabilize HCH 

within the soil matrix. A completely randomized design 

(CRD) was employed with two experimental factors: plant 

species and HCH concentration. The plant factor consisted 

of three levels: unplanted control, Cynodon dactylon, and 

Lolium multiflorum. The HCH factor consisted of four 

concentration levels: 0, 5, 15, and 25 mg kg-1. Each treatment 

combination was replicated three times, resulting in a total 



HCH PHYTOREMEDIATION BY GRASSES 3 

of 36 experimental pots (3 plant treatments × 4 HCH 

concentrations × 3 replicates). After the aging period, soils 

were transferred into pots and planted with the selected grass 

species, while control pots remained unplanted. The 

experiment was conducted in a controlled growth chamber 

for 60 days. Analytical results were expressed as mean ± 

standard deviation (SD) of three replicates. 

 

Sample collection: HCH was purchased, and two plant 

species with potential for degradation of POPs were 

selected. Uncontaminated soil samples were collected from 

field of National Agricultural Research Centre (NARC). The 

samples were air dried, ground and passed through a 2-mm 

sieve. The soil samples were spiked with 5, 15 and 25 mg 

kg-1 HCHs. After spiking, the samples were stored in 

polythene bags and kept for aging for 15 days (Balazs et al., 

2018). All the treatments were replicated thrice (Fig. 1).  

 

Physicochemical analysis of soil: Physicochemical 

analysis of soil samples was carried out before and after the 

spiking. The pH of the soil was measured by using multi 

meter of model MM 40 + (APHA, 2005). And electrical 

conductivity was measured by using Multi-meter (MM 40 

+ model). Total organic carbon analysis was carried out 

using the titration method of Walkley (1947).  One gram of 

soil was used to transfer to a conical flask and 10 ml of 

Normal solution of potassium dichromate with 20 ml 

concentrated Sulphuric acid was added. The solution was 

shaken and it was allowed to stand for 30 minutes. 200 ml 

distilled water and 10 ml orthophosphoric acid was added 

and then the solution allowed to cool. 10-15 drops of 

Diphenylamine indicator were added and then the solution 

was titrated against freshly prepared 0.5M ferrous 

ammonium sulphate solution, until the color changes from 

violet blue to green. 

 
 
Fig. 1. Schematic representation of the experimental design used to evaluate phytoremediation of HCH-contaminated soil using Cynodon 

dactylon and Lolium multiflorum under different HCH concentrations. 

 

% OOC = 
[Volume of blank – Volume of sample] x 0.3 x M 

Weight of sample 

 

% TOC = 1.334 x % Oxidizable organic carbon 

 
Similarly, soil organic matter was analyzed by titration 

method Mohr (1979). Soil Organic Matter is calculted 
using the following formula; 

 

% OM = 1.724 x Total organic carbon 

 

Microbial biomass carbon was calculated by improved 

method of rapid microwave [mw] irradiation and 

extraction method (Tate et al., 1988). 

 

MBC = (MWCext – Cext) x 2.64 

Plant growth parameters: After harvesting, the following 
growth parameters were observed 
i. Root and shoot length were measured by means of 

common meter rod in centimeters (cm). 
ii. Electrical balance was used to measure fresh and dry 

weight in grams (g). 

 

HCHs analysis  

 

HCHs analysis in soil: Soil extraction was done by 

transferring 5g soil samples in to 100 ml Teflon tubes then 

mixed with 10 ml of Di chloromethane and then each 

sample was extracted for 20 minutes in a sonication, then 

samples were centrifuged at 4000 rpm for 5 minutes and 

the supernatants were collected. The extract was eluted 

with 1 and 2ml mix of n-hexane: dichloromethane (v/v 
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50:50) and the supernatant was extracted for HCHs and 

dried by sparging with N2, Solid residues were re dissolved 

in 1 ml of acetonitrile and run on the GC-MS with ECD 

detector (Rashid et al., 2010). 

 

HCHs analysis in plant: The plant material was extracted 

in water bath for 20 min in ethyl acetate. The extracts were 

passed through silica gel packed column. Elution was 

concentrated under reduced pressure, dried under nitrogen 

stream, and then eluent was re-dissolved in 1ml of 

acetonitrile for analysis by GC- MS (Uduman et al., 2017) 

For the analysis of hexachlorocyclohexane samples 

were run on Gas chromatography, mass spectrometry 

combined with Electron capture detector GC-MS-ECD 

(Liu et al., 2015). 

 

Statistical analysis 

 

Statistical analyses were performed using SPSS version 

18.0. Exploratory data analysis and multivariate analytical 

techniques were applied to examine the overall structure and 

distribution of the dataset. A two-way analysis of variance 

(ANOVA) was used to evaluate the effects of plant species 

(Cynodon dactylon and Lolium multiflorum) and HCH 

concentration (0, 5, 15, and 25 mg/kg) on soil HCH removal, 

plant biomass, and soil microbial biomass carbon (MBC). 

Where significant interactions or main effects were detected, 

Tukey’s HSD post-hoc test was applied to compare 

treatment means. All statistical tests were performed at a 

significance level of p<0.05. 

 

Result 
 

Physicochemical analysis of soil: Difference was 

observed in soil parameters before and after the spiking of 

soil with HCHs. Variations were observed in all the 

physicochemical properties of the soil at the start and the 

end of the two months experiment. 

Figure 2 represents the variation of soil pH among 

different treatments. The pH of the soil spiked for two 

weeks was 7.68, 7.47, 7.43 and 7.30 respectively in all the 

four treatments (T1, T2, T3, and T4). After planting Rye 

grass for 60 days pH shows a decreasing trend and reached 

to 6.77, 7.37, 6.87 and 7.17 among the four treatments. 

Similarly, the pH of the soil in which Bermuda grass was 

planted also showed a decreasing trend from 7.68, 7.47, 

7.43 and 7.30 to 6.87, 7.17, 7.37 and 7.10 in each of the 

respective treatment. 

Similarly, figure 3 shows the variation in electrical 

conductivity (EC) of soil among different treatments (T1, 

T2 T3, and T4) after spiking and then after plantation in the 

soil. The two types of grasses were planted for 2 months 

after the spiking of soil with different concentration of 

HCHs. EC of the soil with different treatments was 250.1 

µS cm-1, 249.5 µS cm-1, 249.3 µS cm-1 and 249.1 µS cm-1 

respectively. After 60 days of experiment, the soil in which 

Rye grass was planted showed a significant decrease in EC. 

The lowest values of EC were 179.0 µS cm-1 and 158.4 µS 

cm-1shown by T3 and T4, while T1 and T2 showed 

comparatively higher values but lower than the initial 

values i.e. 240.5 µS cm-1 and 202.4 µS cm-1. Figure shows 

the variation in EC among different treatments in which 

Bermuda grass was planted. The EC of the soil planted by 

Bermuda grass showed similar variation as of the Rye grass 

soil. The EC values decreased and finally after 2 months 

the lowest values were 185.1µS cm-1 and 165.1 µS cm-1, 

shown by T3 and T4. While maximum values were 

observed in T1 and T2 (231.2 µS cm-1 and 212.1 µS cm-1). 

The EC of T1 decreased only slightly because this 

treatment did not contain HCH. 

Soil organic matter among different treatments in soil 

samples is shown in figure 4. Initially the organic matter in the 

spiked soil was T1: 1.15%, T2: 1.16%, T3: 1.28% and T4: 

0.99%. The spiked soil was then planted with Rye grass and 

Bermuda grass for 2 months, but it shows a decreasing trend 

after 2 months of experiment. Figure shows the variations in 

organic matter of the soil treatments in which Rye grass was 

planted (0.50%, 0.75%, 0.44% and 0.62%). The organic 

matter of the soil treatments in which Bermuda grass was 

planted reached to 0.56%, 0.51%, 0.60% and 0.57%.  

Figure 5 represents the total organic carbon 

concentration among different treatments after spiking in 

comparison with treatments after pot experiment. Initially 

the concentration of total organic carbon was 0.67%, 

0.67%, 0.74% and 0.57% in the respective treatments. 

After 2 months of pot experiment, a significant decrease in 

the TOC content was observed among all the treatments. 

The variations in the TOC in the soil treatments which are 

planted with Rye grass for 2 months. A significant decrease 

in the TOC was observed (0.29%, 0.43%, 0.27% and 

0.36%) after two months of pot experiment as compared to 

the initial concentration. Similarly, the soil in which 

Bermuda grass was planted also showed a decreasing trend 

in TOC concentration among all the treatments; 0.33%, 

0.30%, 0.35% and 0.33%. 

Similarly in figure 6, microbial biomass carbon showed 

significant variations from the initial values to the final ones. 

Initially, the MBC of soil spiked for two weeks was T1: 

0.85%, T2: 0.83%, T3:0.47%, T4: 0.83%. But after 2 months 

of pot experiment, the MBC showed an increasing trend in 

all the treatments and reached to 0.92%, 0.88%, 1.37% and 

1.07% in the soil samples which were planted with Rye 

grass. Similarly, the soil planted with Bermuda grass also 

showed an increasing trend of MBC from the initial values 

and reached to 0.88%, 0.88%, 1.73% and 1.95% 

respectively. Moreover, the treatments T3 and T4 from both 

the plants showed a relatively higher MBC level. 
 

Plant growth parameters: Initially the root length of Rye 

grass was 2cm and Bermuda grass had root length of 5cm. 

With the passage of time experiment progressed, the plants 

started to grow and biomass also increased in all the 

treatments. The difference was clear between the plants 

grown in HCH spiked soil and the control soil. The plants 

grown in the uncontaminated soil showed faster growth 

than those grown in the contaminated soil. Moreover, root 

length showed a slight difference between the planted 

grown in different treatments. The root length and 

difference of growth among the treatments of Rye grass. 

The root length of Rye grass reached from 2cm to 4.00 cm, 

3.33 cm, 3.50cm and 3.50cm in the respective treatments. 

Initially the root length of Bermuda grass was 5cm and 

reached up to 10.10cm, 9.33cm, 7.67cm and 7.83cm, as 

shown in Fig. 7. 
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Fig. 2. Variation in soil pH under different HCH contamination levels after two weeks of spiking and two months of plant growth. (a) 

Rye grass (P2), (b) Bermuda grass (P3). Treatments represent HCH contamination levels as follows: T1 = uncontaminated control soil 

(0 mg kg-1 HCH), T2 = soil spiked with 5 mg kg-1 HCH, T3 = soil spiked with 15 mg kg-1 HCH, and T4 = soil spiked with 25 mg kg-1 

HCH. Data are presented as mean ± standard deviation (SD) (n = 3). Error bars indicate SD among three independent replicates. 

 

 
 

Fig. 3. Variation in soil electrical conductivity (EC) under different HCH contamination levels after two weeks of spiking and two 

months of plant growth. (a) Rye grass (P2), (b) Bermuda grass (P3). Treatments represent HCH contamination levels as follows: T1 = 

uncontaminated control soil (0 mg kg-1 HCH), T2 = soil spiked with 5 mg kg-1 HCH, T3 = soil spiked with 15 mg kg-1 HCH, and T4 = 

soil spiked with 25 mg kg-1 HCH. Data are presented as mean ± standard deviation (SD) (n = 3). Error bars indicate SD among three 

independent replicates. 
 

 
 

Fig. 4. Variation in soil organic matter content under different HCH contamination levels after two months of plant growth. (a) Rye grass 

(P2), (b) Bermuda grass (P3). Treatments represent HCH contamination levels as follows: T1 = uncontaminated control soil (0 mg kg-1 

HCH), T2 = soil spiked with 5 mg kg-1 HCH, T3 = soil spiked with 15 mg kg-1 HCH, and T4 = soil spiked with 25 mg kg-1 HCH. Data 

are presented as mean ± standard deviation (SD) (n = 3). Error bars indicate SD among three independent replicates. 
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Fig. 5. Variation in total organic carbon content under different HCH contamination levels after two months of plant growth. (a) Rye 

grass (P2), (b) Bermuda grass (P3). Treatments represent HCH contamination levels as follows: T1 = uncontaminated control soil (0 mg 

kg-1 HCH), T2 = soil spiked with 5 mg kg-1 HCH, T3 = soil spiked with 15 mg kg-1 HCH, and T4 = soil spiked with 25 mg kg-1 HCH. 

Data are presented as mean ± standard deviation (SD) (n = 3). Error bars indicate SD among three independent replicates. 

 

 
 

Fig. 6. Microbial biomass carbon content in soil under different HCH treatments after two months of plant growth. (a) Rye grass (P2) and (b) 

Bermuda grass (P3). T1 represents uncontaminated control soil (0 mg kg-1 HCH), whereas T2, T3, and T4 represent soils treated with 5, 15, and 

25 mg kg-1 HCH, respectively. Values are expressed as mean ± SD (n = 3), and error bars show standard deviation among the replicates. 

 

 
 

Fig. 7. Root length of plants grown in HCH-contaminated soil after two months of growth. (a) Rye grass (P2) and (b) Bermuda grass 

(P3). T1 represents uncontaminated control soil (0 mg kg-1 HCH), whereas T2, T3, and T4 represent soils treated with 5, 15, and 25 mg 

kg-1 HCH, respectively. Values are expressed as mean ± SD (n = 3), and error bars show standard deviation among the replicates. 
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Fig. 8. Shoot length of plants grown in HCH-contaminated soil after two months of growth. (a) Rye grass (P2) and (b) Bermuda grass 

(P3). T1 represents uncontaminated control soil (0 mg kg-1 HCH), whereas T2, T3, and T4 represent soils treated with 5, 15, and 25 mg 

kg-1 HCH, respectively. Values are expressed as mean ± SD (n = 3), and error bars show standard deviation among the replicates. 

 

 
 

Fig. 9. Plant biomass (fresh and dry weight) of plants grown in HCH-contaminated soil after two months of growth. (a) Rye grass (P2) 

and (b) Bermuda grass (P3). T1 represents uncontaminated control soil (0 mg kg-1  HCH), whereas T2, T3, and T4 represent soils treated 

with 5, 15, and 25 mg kg-1  HCH, respectively. Values are expressed as mean ± SD (n = 3), and error bars indicate standard deviation 

among the replicates. 

 

 
 

Fig. 10. Residual HCH concentration in soil under different treatments in the presence of (a) Rye grass and (b) Bermuda grass after two 

months of plant growth. T1 represents uncontaminated control soil (0 mg kg-1 HCH), whereas T2, T3, and T4 represent soils treated 

with 5, 15, and 25 mg kg-1 HCH, respectively. Values are expressed as mean ± SD (n = 3), and error bars indicate standard deviation 

among the replicates. 
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Fig. 11. Concentration of HCHs in plant tissues under different soil treatments. (a) Rye grass (P2) and (b) Bermuda grass (P3). T1 

represents uncontaminated control soil (0 mg kg-1 HCH), whereas T2, T3, and T4 represent soils treated with 5, 15, and 25 mg kg-1 

HCH, respectively. Values are expressed as mean ± SD (n = 3), and error bars indicate standard deviation among the replicates. 
 

At the start of the experiment the plants had shoot 
length of Rye grass was 8 cm and of Bermuda grass was 6 
cm. As the experiment progressed, the shoot height 
increased in all the treatments but the one planted in the 
control soil has the highest shoot length as compared to the 
others. Rye grass showed an increase in shoot height from 
8cm to 13.11cm, 10.33cm, 12.33cm and 10.50cm in the 
respective treatments. On the other side, shoot height of 
Bermuda grass increased from 6cm to 8.81cm, 8.50cm, 
8.74cm and 8.67cm, as shown in Fig. 8. 

Plant biomass, is the sum total of root and shoot dry 
weight per pot. The plant biomass varied in different 
treatments as well of the two plants. It is clear that the total 
biomass of Rye grass is more in the control treatment (T1: 
uncontaminated) as compared to the other treatments 
(contaminated). On the other side, the results are similar 
and it is evident that the total biomass of Bermuda grass is 
highest in the control treatment and lowest in the treatment 
T4 which is spiked with 25 mg kg-1 HCH.  After oven 
drying the plants, the plant biomass decreased accordingly, 
as shown in Fig. 9. 
 

HCHs concentration in soil: Figure 10 shows HCHs 
concentration in soil after spiking in comparison with 
HCHs concentration after 60 days of experiment. The 
difference is very obvious in initial and final HCHs 
concentration in soil in all the treatments. The 
concentration of HCHs has decreased significantly in all 
the treatments. While there is a slight difference in the two 
sets of samples due to presence of different plants. Figure 
shows the reduction of HCHs in soil in the presence of Rye 
grass. Initially, the HCHs concentrations were T1: control, 
T2: 5 mg kg-1, T3: 15 mg kg-1, and T4: 25 mg kg-1, which 
finally decreased to 0.00 mg kg-1, 2.01 mg kg-1, 9.97 mg 
kg-1, and 21.36 mg kg-1, respectively. 

Figure shows the reduction of HCHs in soil in the 
presence of Bermuda grass. The final HCHs concentrations 
decreased to below detection limit (BDL) in T1, and to 2.56 
mg kg-1, 10.38 mg kg-1, and 19.85 mg kg-1 in T2, T3, and 
T4, respectively. The small negative value originally 
obtained for T1 (-0.03 mg kg-1) was attributed to 
instrumental baseline correction and analytical noise 
during GC-MS quantification and therefore was interpreted 
as effectively zero concentration. 

HCHs concentration in plants: Figure 11 shows uptake 

of HCHs by plants grown in HCHs spiked soil for 60 days. 

The decrease of HCHs concentration in soil is due to the 

presence of Rye grass and Bermuda grass. The uptake of 

HCHs from soil by rye grass is 0.00 mg kg-1, 1.13 mg kg-1, 

2.26 mg kg-1 and 2.42 mg kg-1, while uptake of HCHs by 

Bermuda grass is shown in figure, which is 0.00 mg kg-1, 

0.98 mg kg-1, 2.89 mg kg-1 and 3.15 mg kg-1. There is a 

slight difference between the uptake of HCHs by Rye grass 

and Bermuda grass in different treatments. HCHs uptake 

by Rye grass is more than the other in T2 while, in T3 and 

T4 HCHs uptake is more by Bermuda grass. 

 

Discussion 
 

Physicochemical parameters: Variations were observed 

in all the physicochemical properties of the soil at the start 

and the end of the two months experiment. The pH of the 

soil after pot experiment has decreased as compared to the 

spiked soil. This decrease is may be attributed to 

degradation of hydrocarbons by microorganisms and 

enzymatic activities of plants (Tang et al., 2009). 
Overall electrical conductivity showed a decreasing 

trend through the course of experiment. The reason behind 
this decrease is organic matter mineralization. During 
organic matter mineralization process ions releases and 
increase the electrical conductivity (Cunha-Santino & 
Bianchini-Junior, 2004). But, in the present study the plants 
might have taken up the salts or ions from the soil after 
mineralization, resulting in a decrease in electrical 
conductivity of the soil.  

But organic matter did not show much difference (from 
control) after spiking with HCH for two weeks, but it 
showed a decreasing trend after 60 days of pot experiment. 
Research studies reported that the mineralization rate of 
organic matter in soils spiked with pesticides is usually 
higher compared to the control. This showed that growth and 
activities of heterotrophic microorganisms are stimulated by 
biodegradation of pesticides which caused the 
mineralization of organic matter and biologically transform 
other plant nutrients in soil, resulted in lowering the 
concentration of organic matter in soil (Becerra-Castro et al., 
2013; Phillips et al., 2005). 
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In previous studies it was reported that pesticides have 

a stimulatory effect on mineralization process (Hathout et 

al., 2022). Studied the effect of metalaxyl (fungicide) 

which showed a significant decrease in total organic carbon 

content in soil during 0-30 days of incubation. Similarly, 

(Kumar et al., 2012) also reported that the mineralization 

rate of organic C in soils treated with different pesticides 

(BHC, representing the organochlorine group of 

insecticide) was higher compared to the control resulted in 

decrease of organic C in soil. 

Similarly, during the course of experiment microbial 

biomass carbon tend to increase after the two months of 

experiment. The reason behind this increase is certainly the 

pesticide (HCH). Pesticides make an interaction with 

microorganisms of soil and affect their metabolic activities 

(Arora et al., 2019). Sometimes these pesticides undergo to 

change the physical, chemical and biological behaviour of 

soil microorganisms. Microbial biomass carbon is an 

essential indicator of microbial activities (Ataikiru et al., 

2019). Various recent studies revealed that pesticides can 

have adverse impacts on soil microbial biomass and soil 

respiration (Shultana et al., 2025). And this increase in 

respiration indicates the higher growth of microbial 

population (Izallalen et al., 2008), which leads to increase 

microbial biomass carbon. The increase in microbial 

biomass carbon (MBC) observed in this study indicates 

enhanced microbial proliferation and activity in the 

rhizosphere, highlighting the central role of soil 

microorganisms in HCH dissipation. This response is 

primarily driven by plant-microbe interactions, where root 

exudates supply readily available carbon substrates that 

stimulate heterotrophic microbial growth and activate 

enzymatic functions in the rhizosphere. Such rhizosphere 

priming effects can significantly intensify microbial 

metabolism, thereby accelerating the degradation of 

persistent organic pollutants including HCH. In addition, 

rhizosphere-associated microbial communities are known to 

mediate the transformation of chlorinated hydrocarbons 

through dehydrochlorination, reductive dehalogenation, and 

co-metabolic pathways. These processes collectively 

contribute to the breakdown and detoxification of HCH 

residues in soil. Therefore, the observed increase in MBC 

reflects an active plant-microbe synergistic system, in which 

microbial processes play a decisive role in phytoremediation 

efficiency under HCH-contaminated conditions. 

 

Growth parameters: The root and shoot length of all the 

plants increased with the passage of time but there is a 

difference between control and spiked treatments. The 

plants grown in control samples have relatively higher root 

and shoot heights than the plants which were grown in the 

spiked soil. This negative effect of HCH contamination on 

the growth of Rye grass and Bermuda grass was obvious 

because of the toxicity of HCHs. The plant biomass varied 

in different treatments as well of the two plants. Generally, 

the plant biomass was more in the control samples as 

compared to the spiked samples. (Dubey et al., 2014) 

reported that at concentrations 15 and 20 mg kg-1 of lindane 

(γ-HCH), the values of dry biomass, root size, and foliage 

were declined as compared to their control values. This 

reduction in these parameters of Spinach can be associated 

to the noxiousness of the lindane. 

The observed growth suppression is consistent with 

phytotoxic responses reported in other phytoremediation 

systems, where species such as sunflower and willow 

generally exhibit higher tolerance due to greater biomass 

allocation and more developed root systems. 

 

HCHs concentration in soil: In general, HCH 

concentrations decreased in all treatments. HCH occurs as 

four major isomers (α-, β-, γ-, and δ-HCH), which differ in 

environmental persistence and biodegradability. Among 

these, β-HCH is considered the most persistent due to its 

low volatility and high stability, whereas γ-HCH (lindane) 

is more susceptible to microbial degradation (Paolis et al., 

2013). Although individual isomers were not quantified in 

the present study, differential degradation of HCH isomers 

may have contributed to the overall reduction observed. 

Future research should investigate isomer-specific 

behavior to better understand plant uptake mechanisms and 

degradation pathways. 

The reduction in HCH concentration is likely 

attributable to the presence of plants and their associated 

rhizosphere processes. Similar findings were reported by 

Abhilash et al., (2011), who observed substantially greater 

lindane dissipation in planted soils than in unplanted 

controls. In the present study, the enhanced dissipation of 

HCH may also be linked to increased microbial activity in 

the rhizosphere, as indicated by the higher microbial 

biomass carbon (MBC) observed during the experiment. 

Root exudates can stimulate microbial growth and 

enzymatic activity, thereby promoting the biodegradation 

of chlorinated pesticides. 

Phytoremediation efficiency varies among plant 

species due to differences in biomass production, root 

architecture, and rhizosphere interactions. Sunflower 

(Helianthus annuus) and willow (Salix spp.) have been 

reported as effective phytoremediators because of their 

high biomass and extensive root systems (Amabogha et al., 

2023). Likewise, Jatropha curcas L has shown potential 

for remediation of pesticide-contaminated soils owing to 

its tolerance to toxic compounds and well-developed root 

system (Álvarez-Mateos et al., 2019). Although the grass 

species used in this study produced lower biomass than 

these species, its dense fibrous root system likely enhanced 

rhizosphere microbial activity and supported HCH 

dissipation. These findings suggest that grasses can serve 

as effective and low-maintenance candidates for 

phytoremediation of HCH-contaminated soils. 

 

HCHs concentration in plants: Plant growth was 

noticeably reduced in HCH-spiked soils, which is 

consistent with the known phytotoxic effects of HCHs. 

Organochlorine pesticides, including HCHs, can disrupt 

cellular membranes, inhibit enzyme activity, interfere 

with photosynthetic pathways, and induce oxidative 

stress, ultimately reducing biomass accumulation. The 

decrease in soil pH observed in spiked treatments can be 

attributed to the release of organic acids and CO₂ from 

plant roots and rhizosphere microbes in response to stress 

conditions. Similarly, the reduction in electrical 

conductivity (EC) likely reflects plant uptake of available 

ions and microbial utilization of soluble nutrients during 

the detoxification processes. 
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A small negative concentration value observed in 

Bermuda grass treatment T1 (-0.03 mg kg-1) is not 

biologically or environmentally meaningful. This value 

likely resulted from minor instrumental variability, 

baseline correction drift, or analytical noise during GC-MS 

quantification, particularly near the method detection limit. 

Such small negative values are occasionally produced in 

chromatographic analyses when the measured signal is 

lower than the background correction level. Therefore, the 

value was interpreted as below detection limit (BDL) and 

effectively considered as zero HCH concentration. This 

clarification improves the transparency and reliability of 

the analytical results. 

These findings align with previous studies demonstrating 

rapid dissipation of HCHs in vegetated soils. White (2001) 

reported enhanced lindane degradation by Spinach compared 

to non-vegetated soil, while (Becerra-Castro et al., 2013) 

showed that Cytisus striatus with bacterial inoculation 

effectively degraded HCHs. Similarly, (Roberto Calvelo 

Pereira et al., 2010) identified plant species capable of 

tolerating and reducing HCH concentrations despite 

exhibiting stress symptoms. The results of the present study 

further support the potential of grass species for HCH 

phytoremediation, although the extent of accumulation and 

growth response varied with concentration. 

 

Field-Scale implications of HCH phytoremediation: The 

results of this study suggest that Cynodon dactylon and 

Lolium multiflorum have potential for the phytoremediation 

of HCH-contaminated soils. Both grass species exhibited 

tolerance to HCH contamination and contributed to the 

reduction of HCH concentrations in soil. Their dense root 

systems may facilitate rhizosphere processes that enhance 

contaminant dissipation and improve soil quality. 

The practical application of these species may be 

particularly relevant in agricultural areas affected by 

historical pesticide use. Due to their rapid establishment 

and extensive root development, these grasses could 

provide a cost effective and environmentally sustainable 

approach for the management of contaminated soils. In 

addition to contaminant removal, vegetation cover may 

contribute to soil stabilization and reduce the risk of 

pollutant dispersion. 
 

Conclusion 

 

Remediation of polluted soils with HCHs is much 

needed in the current situation, as they are banned and 

included in Stockholm list of POPs. However, 

phytoremediation has been widely proven for the cleaning 

of several organic and inorganic pollutants, but only a 

limited number of plant species have been investigated so 

far, for the phytoremediation of HCHs in the literature. 

Therefore, it is much needed to explore more species for 

the remediation of HCHs. Hence, the present study was 

designed to explore the phytoremediation potential of two 

grass species (Cynodon dactylon and Lolium multiflorum) 

for the reclamation of HCHs contaminated soils. These 

species exhibit rapid growth, adaptability, and low 

maintenance requirements, making them suitable 

candidates for phytoremediation applications. The results 

revealed that the selected species can remediate and 

accumulate the HCHs from polluted soil. Moreover, they 

can also dissipate the HCHs from soil. Thus, these two 

species can serve as a better option for phytoremediation 

of HCHs contaminated soil, but their accumulation and 

dissipation potential can be raised by appropriate 

agronomic activities.  
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