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Abstract. Several factors, including biochemical patterns and gene expression patterns, were examined in 

Haloxylon ammodendron plants growing in two separate locations in the Al-Jouf region of Saudia Arabia. 

The soil in the two distinct locations has different properties, and the soil in one region has substantial 

quantities of heavy metals and agrochemicals, therefore it is deemed to be polluted. Samples were 

collected from the H. ammodendron growing on polluted and unpolluted soils and analyzed for different 

parameters. Plants growing on polluted soils showed significantly higher concentration of heavy metals 

and agrochemicals as compared to ones growing on unpolluted soil while as exhibited a significant 

decline in the content of essential mineral ions including potassium, calcium, magnesium, manganese and 

iron. Lipid peroxidation and hydrogen peroxide increased in both leaves and stem of H. ammodendron 

growing on polluted soils with significant decline in nitrate and oxalate content. Plants that were grown in 

contaminated soils have enhanced activity of antioxidant enzymes like catalase (CAT), ascorbate 

peroxidase (APX), and superoxide dismutase (SOD). In addition, the content of secondary compounds 

including total phenols, tannins, saponins and alkaloids increased significantly in plants growing on 

polluted soils as compared to the plants growing on normal soil. The expression patterns of genes 

including heavy metal ATPase (HMA4), phytochelatin synthase (PCS1), heat shock protein 70 (HSP70) 

and zinc transporter (ZIP4) also showed considerable increase in the plants growing on polluted soils as 

compared to the plants gown in unpolluted soil. The instant study reveals that heavy metal and 

agrochemical pollution has significant influence on the growth and metabolism of H. ammodendron vis-

à-vis has the potential to up-regulate tolerance mechanisms to alleviate the damaging effects of heavy 

metals and agrochemicals. 

Keywords: agrochemicals, gene expression, H ammodendron, heavy metal, lipid peroxidation, 

secondary metabolites 

Introduction 

Soil pollution through heavy metals and agrochemicals like pesticides has become a 

serious problem for scientists all over the globe. It has been estimated that millions of 

hectares of agricultural lands is contaminated by heavy metals and pesticides and can be 

rendered as unproductive thereby reflecting in significant decline in annual global food 

production (Xie et al., 2016). Key metal pollutants include cadmium, lead, mercury, 

chromium, arsenic, nickel, copper etc. in addition of the agrochemical including 

pesticides, weedicides, fungicides, and insecticides which significantly accumulate in 

soils (Alengebawy et al., 2021). These toxic metals and chemicals are continuously 

added to soil through natural and anthropogenic means. Bioaccumulation, translocation, 

and mechanism of action of these toxic metals and agrochemical have been studied 

(Pasricha et al., 2021). The bioavailability and uptake of these toxic metals and 

agrochemicals into the plant system has been reported to impart adverse effects on key 

growth and metabolic attributes (Ahmad et al., 2021). These contaminants are rapidly 

transported to higher trophic levels in the food chain due to their high mobility and 
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bioaccumulation (Lin and Aarts, 2012). These heavy metals and agrochemicals, if 

translocated into biological systems, cause serious health complications in both human 

and animals (Jaishankar et al., 2014; Singh et al., 2017). 

Moreover, the influence of these toxic metals and agrochemicals on the plants 

growing on the polluted soils significantly affects their growth and development hence 

influencing their productivity (Srivastava et al., 2017; Alengebawy et al., 2021). Among 

the key adverse effects of metals and agrochemicals on the plants are included: 

restricted root and shot growth, photoinhibition, enzyme inhibition and impaired 

nutrient uptake and assimilation (Petit et al., 2012; Ahanger et al., 2020; Ahmad et al., 

2021; Qin et al., 2022). Metal and agrochemical pollution significantly affects the 

microbial diversity of soil thereby affecting the soil health as well as the plant growth 

(Xie et al., 2016; Ahemad and Khan, 2012). Reactive oxygen species (ROS) are 

produced in excess because of heavy metals and pesticides used in farming. These toxic 

ROS damage proteins, lipids and nucleic acids resulting in irreversible changes in 

metabolism and under extreme conditions can lead to death of plant (Ahanger et al., 

2017). Stress induced ROS accumulation triggers oxidative damage to key 

macromolecules and affects the functioning of cellular organelles including chloroplast 

and mitochondria (Das and Roychoudhury, 2014; Li and Kim, 2022). Plants have 

indigenous mechanisms to mitigate the damaging effects of stresses including heavy 

metal or agrochemicals (Skuza et al., 2022; Ahmad et al., 2020; Chen et al., 2022). In 

addition of the antioxidant system, osmolyte accumulation and secondary metabolite 

accumulation, the efficient sequestration and compartmentalization of toxic metals and 

other chemicals significantly contribute to lessen the damaging effects on normal plant 

growth (Sharma et al., 2016; Hasan et al., 2017). Toxic metal ions in cytosol are 

eliminated either by phytochelatins or metallothioneins followed by the 

compartmentalization into the vacuole’s concomitant with the repair or removal or 

degradation of damaged proteins (Hasan et al., 2017). 

Growing plants on the polluted soils is really a challenging task, however nature has 

endowed some potential mechanisms to plants which help them to endure the harsh 

conditions to considerable extent. Haloxylon ammodendron is a xerophytic shrub 

having potential to thrive in extreme conditions of dry sand deserts, sand dunes etc. It 

has been reported that H. ammodendron has the potential to thrive under such 

conditions through the unique and distinct tolerance mechanisms thereby making it 

among the ideal plants to restore and assist in reclamation of polluted soils (Fan et al., 

2016). In addition of this, it has been observed that camels when fed with the H. 

ammodendron growing in polluted areas develop health complication and more often 

leads to their death. This toxic effect of H. ammodendron has not been observed from 

the unpolluted regions. In this backdrop, in present study Haloxylon ammodendron 

growing in two distinct regions/areas of Al-Jouf, Saudia Arabia was analyzed for (a) 

physiological, biochemical and gene expression parameters to find the adaptability 

mechanisms and (b) identify the potential constituents in H. ammodendron growing in 

polluted soils leading to health complications or death in camels. 

Materials and methods 

Plant materials and sampling 

Leaves and stem samples of Haloxylon ammodendron were collected from two 

different regions of Al-Jouf region, Saudi Arabia. Region I was containing heavy metal 
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(HMs) polluted soil while as region II was having normal soil. Leaf and stem samples 

were brought to laboratory for further analysis. Soil samples (30-60 cm) were collected 

under the roots of H. ammodendron plants from both different regions. It was confirmed 

from the soil elemental and heavy metal analysis that region was heavy metal polluted 

(Tables 1 and 2). Leaf and stem samples were oven dried at 70oC for 48 h. Thereafter 

samples were finely powdered and used for different estimations discussed below. 

However, for enzyme activity, lipid peroxidation and hydrogen peroxide estimation 

fresh leaf samples were used which were frozen in liquid nitrogen immediately after 

their collection. 

 
Table 1. Content of essential mineral ions and heavy metals in normal and polluted soils 

collected from Al-Jouf region of Saudia Arabia. Data presented is mean (±SE) of three 

replicates and different letters denote significant difference at p < 0.05 

 Normal Polluted soil 

Co (mg g-1 DW) ND 1.75 ± 0.02 

Cu (mg g-1 DW) 0.0212 ± 0.0015b 9.937 ± 0.51a 

Fe (mg g-1 DW) 0.283 ± 0.0245b 14.29 ± 1.40a 

Cd (mg g-1 DW) 0.0128 ± 0.0030b 5.186 ± 0.25a 

C (mg g-1 DW) 0.9066 ± 0.092b 3.66 ± 0.041a 

K (mg g-1 DW) 23.88 ± 2.12a 16.91 ± 1.17b 

Mn (mg g-1 DW) 25.23 ± 2.08a 13.52 ± 0.321b 

Al (mg g-1 DW) 0.119 ± 0.017b 4.33 ± 0.12a 

Ca (mg g-1 DW) 11.52 ± 1.05a 1.76 ± 0.085b 

Na (mg g-1 DW) 4.161 ± 0.25b 1.16 ± 0.051a 

Mg (mg g-1 DW) 8.976 ± 0.52a 4.63 ± 0.027b 

Pb (mg g-1 DW) 0.1261 ± 0.015b 1.02 ± 0.025a 

Ni (mg g-1 DW) 0.5819 ± 0.020b 2.41 ± 0.035a 

 

 
Table 2. Agrochemical (mg g-1 DW) concentration in normal and polluted soils collected 

from Al-Jouf region of Saudia Arabia. Data is mean (±SE) of three replicates and different 

letters denote significant difference at p < 0.05 

 Normal Heavy metal polluted 

Toxaphen ND ND 

Lambda-Cyhalothrin 0.0081 ± 0.00012b 4.88 ± 0.022a 

Malathion 0.0062 ± 0.00013b 2.98 ± 0.011a 

Chlorpyrifos 0.0011 ± 0.00014b 2.87 ± 0.013a 

Diazinon 0.0021 ± 0.00013b 2.02 ± 0.009a 

Lindane ND 3.05 ± 0.019 

Atrazine ND ND 

Methomyl 0.0010 ± 0.00013b 1.24 ± 0.006a 

Carbendazm 0.0010 ± 0.00011b 4.04 ± 0.021a 

PP-DDT ND ND 

PP-DDE ND 2.04 ± 0.003 

Dimethoate ND ND 

Cypermethrin 0.0021 ± 0.00011b 11.92 ± 0.66a 
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Determination of total phenolics 

Dry powdered leaf and stem samples were extracted in ethanol and homogenate was 

centrifuged at 10,000 g. Supernatant was added and Folin Ciocalteau’s reagent followed 

by addition of one mL 10% Na2CO3 solution and mixed thoroughly. After 1 h at room 

temperature, at 700 nm, absorbance was determined (Singleton et al., 1999). The 

standard curve for gallic acid was used in computations. 

 

Determination of total tannins 

Tannin content in leaf and stem of H. ammodendron was determined according to 

Amadi et al. (2004) and Ejikeme et al. (2014). Briefly, one-gram powdered plant sample 

was extracted distilled in water by boiling the samples on electric hot plate for 1 h and 

extracts was filtered through Whatman No.1 filter paper. After centrifuging the extract, an 

aliquot was combined with Na2CO3 and the Folin-Denis reagent. For 30 min, the mixture 

was placed in a water bath to develop its colour. After that, the optical density at 700 nm 

was measured, and the tannic acid standard curve was used to calculate the results. 

 

Determination of total saponins 

Following Obadoni and Ochuko’s (2001), the saponin content was assessed. By 

heating the tubes on a water bath for 4 h while continuously stirring at 55°C, dry 

powdered 5 g samples were extracted in 10% ethanol and computed at 700 nm. Extracts 

were mixed and evaporated to 40 ml over a water bath at 90°C after being filtered, with 

the residue being re-extracted after the first extraction. The extract was then mixed 

thoroughly with 10 ml of diethyl ether. A 30 ml addition of n-butanol was added after 

recovering the aqueous layer and discarding the ether layer. The n-butanol extracts were 

washed twice with 10 ml of 5% aqueous sodium chloride, and the leftover solution was 

then heated in a water bath. The samples were evaporated, followed by oven drying to a 

consistent weight, and the saponin concentration was determined. 

 

Determination of alkaloid content 

Alkaloid content was determined according to Misra and Gupta (2006). Half a gram 

powdered leaves and stem samples were extracted in 90% ethanol and extract was filtered 

and dried. The dried residue was redissolved in ethanol, diluted with water, and then 3% 

HCl was added. By moving the mixture to a separating funnel and adding hexane to it, the 

mixture was extracted three times and shaken for 15-20 min. The lower water layer was 

poured into a beaker, brought to a pH of 8.5 with 3% ammonium hydroxide, and then 

chilled to 10°C. The mixture was then once again poured into a separate funnel while 

being added three times more chloroform. The content was then shaken for 15-20 min. 

The upper chloroform layer was decanted, while the lower layer was discarded. Decanted 

layer was put to a dry porcelain plate that had been previously weighed, and it was then 

evaporated until dry. The dish weight was then measured once again. Total alkaloids were 

expressed as percent alkaloid content in the dry plant powder. 

 

Estimation of total terpenoides 

Terpenoids content in dried powdered samples of H. ammodendron was estimated 

according to Ferguson (1956). In a nutshell, 5 g of plant powder that was extracted in alcohol 

for 24 h, filtered, and then extracted with petroleum ether was treated as total terpenoids. 
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Determination of glycosides 

Glycosides were determined in dried powdered samples according to Amadi et al. 

(2004) and Ejikeme et al. (2014). Briefly, 1 g dried powder was extracted in distilled 

water for 2 h. Thereafter, distillation was carried out in conical flask containing 2.5% 

NaOH and antifoaming agent (tannic acid) was also added. Subsequently, 6 M NH4OH 

and 5% KI were added to the distillate and mixed followed by titration with 0.02 M 

AgNO3 using a micro burette against a black background. 

 

Measurement of lipid peroxidation and hydrogen peroxide 

Lipid peroxidation was measured as the formation of malonaldehyde (MDA) content 

in accordance with the method of Heath and Packer (1968). Fresh 0.5 leaf samples were 

extracted in 10 mL trichloroacetic acid and followed by centrifugation at 10,000 × g for 

10 min. Thereafter 1 mL supernatant was added to 2 mL of thiobarbituric acid (TBA, 

0.65% prepared in 20% TCA) and mixture was boiled for 30 min. After cooling the 

mixture centrifugation was done again for 5 min and absorbance was read at 600 and 

532 nm. For measurement of hydrogen peroxide method of Velikova et al. (2000) was 

followed and standard curve of hydrogen peroxide was used for calculation. 

 

Assay of antioxidant enzymes 

Fresh 500 mg of tissue was homogenized in cold sodium phosphate buffer (50 mM; 

pH 7.0) containing polyvinyl pyrrolidine (1%), 0.1 mM PMSF, and 1 mM EDTA for 

the extraction of antioxidant enzymes using a pre-chilled pestle and mortar. The 

supernatant was collected and used for the enzyme assay after centrifuging the extract at 

15,000 g for 15 min at 4°C. According to Bayer and Fridovich (1987), superoxide 

dismutase (SOD, EC 1.15.1.1) activity was measured, and optical density at 560 nm 

was recorded. Activity of catalase (CAT, EC 1.11.1.6) was measured according to Luck 

(1974) and change in absorbance was measured at 240 nm for 2 min. Using Nakano and 

Asada’s (1981) approach, the change in absorbance at 290 nm was recorded for 3 min 

to measure the activity of APX. 

 

Estimation of nitrate and oxalate 

Oxalate determination in dry powder was carried using titratimetric reaction method 

described by Ejikeme et al. (2014) and Munro and Bassir (1969). Nitrate content was 

determined according to Bremner (1965) and Carlson and Keeney (1971). 

 

Analysis of toxic elements and agrochemicals 

The dried stem and leaves of H. ammodendron and the soil samples of two regions 

were analyzed for the mineral contents using Perkin Elmer 100 Atomic Absorption 

Spectrometer. For estimation of pesticides 5 g of powdered leaves and stem, 10 g soil 

sample were extracted according to the QuEChERS (quick easy cheap effective rugged 

and safe) method of Anastassiades et al. (2003). To an aliquot of homogenized sample 

was added 10 mL of acetonitrile followed by vortexing for 1 min. Thereafter, 

magnesium sulphate and sodium chloride were added and samples were centrifuged. 

The clean-up was carried out by transferring the supernatant into another tube 

containing 20 mg of primary and secondary amine sorbent (PSA), 10 mg of graphite 

carbon black (GCB), and 50 mg of MgSO4. After this clean-up procedure, the final 
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dried extract was dissolved in 0.5 ml acetonitrile and subjected to gas chromatography-

mass spectrometry (GC-MS) analysis., by employing GC-MS/MS (GC-MS-QP2010 

Ultra analytical equipment Shimadzu, Japan), pesticide residues in the samples were 

found and verified. Sigma Aldrich provided purities > 95% of the pesticide reference 

standards that were acquired. A DB-5 column (60 m 0.25 mm, 0.25 m thick) was used 

to inject the sample at a flow rate of 1.5 mL for 1 min. The temperature of the GC oven 

was programmed to start at 70°C for 2 min, rise to 150°C at a rate of 25°C/min (held for 

0 min), rise to 200°C at a rate of 3°C/min (held for 0 min), rise from 200 to 280°C at a 

rate of 8°C/min (held for 10 min). It took 16 min to complete the experiment with 

samples injected in non-split mode. To identify the components of the sample based on 

comparison of their relative indices and mass spectra, the GC-MS system computer 

matched with WILEY and National Institute of Standards and Technology (NIST08) 

library data (http://webbook.nist.gov). 

 

RNA extraction and gene expression analysis 

Total mRNA was isolated from 250 mg of H. ammodendron tissue using total RNA 

extraction kit (Sigma-Aldrich) according to the manufacturer’s protocol. The extracted 

RNA was analyzed and spectrophotometrically quantified using a 1% agarose gel. A 

reverse transcription of RNA was performed. 2.5 l of 5X buffer, 2.5 l of MgCl2, 2.5 l of 

2.5 mM dNTPs, 4 l of oligo (dT), 0.2 l of reverse transcriptase (5 unit/l; Promega, 

Germany), and 2.5 l of RNA were used in the reaction. A thermal cycler PCR with RT-

PCR amplification was set at 42°C for 1 h and 72°C for 20 min was employed. The 

primer sequences used in quantitative real-time PCR (qRT-PCR) were listed in Table 3. 

Quantitative real-time PCR for gene expression analysis used a SYBR® Green-based 

technique. Real-time analysis was conducted using Rotor-Gene 6000 (Germany) 

employing primers from four metal responsive genes and a housekeeping gene (reference 

gene). An amount of 20 L was used throughout the entire reaction. For the reactions, a 

total volume of 20 L was used, which included 2 L of template, 10 L of SYBR Green 

Master Mix, 2 L of reverse primer, 2 L of forward primer, and sterile dist. water. The 

stipulated sequences were used for the PCR assays that include: 40 cycles of 30 s at 95°C 

and 30 s at 60°C were performed after 15 min at 95°C. The CT of each sample was used 

to calculate ΔCT values (target gene CT subtracted from β-Actin gene CT). The relative 

gene expression was determined using the 2-ΔΔCt method (Togawa and Dunn, 2008). 

 
Table 3. Oligonucleaotide primers used in qRT-PCR analysis 

Primer Name Sequence (5ʹ–3ʹ) 

HMA4 – heavy metal ATPase 
F 5´ACTGAAGCCACTTGAAGGAGT-3´ 

R 5´-CGCGAGCAATAACCCTGATA-3´ 

PCS1 – phytochelatin synthase 
F 5´-AGCCAAGCATGCAACTTTCC-3´ 

R 5´-CCCCGCCATTGAATTTGCTT-3´ 

HSP70 
F 5´-CCCATCTTGGTGGTGAAGAT-3’ 

R 5’-GTCCTCAGCAGACACGTTCA-3’ 

ZIP4 
F 5´-ACGAGGATTGAAACGAGTGC-3´ 

R 5´-AAACCCCACCTTCGCTTTTC-3´ 

GAPDH 
F 5´-TTGGTTTCCACTGACTTCGTT-3´ 

R 5´-CTGTAGCCCCACTCGTTGT-3´ 

β-Actin 
F 5´-GTGCCCATTTACGAAGGATA-3´ 

R 5´-GAAGACTCCATGCCGATCAT-3´ 
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Statistical analysis 

Data presented is mean of three replicates. Data was statistically analyzed, and 

significant difference was calculated at P < 0.05. 

Results 

Results showing the mineral content, toxic metal ions and pesticides in soil samples 

of both sites are given in Tables 1 and 2. Significant variation was observed in the 

content of essential mineral ions with considerable decline in soil samples collected 

from polluted site. Relatively to control (unpolluted soil), content of Cd, Pb, Al, Cr, Ni, 

Cu, and Co showed significant increase (Table 1). The content of different 

agrochemical including Toxaphen, lambda-cyhalothrin, malathion, chlorpyrifos, 

diazinon, lindane, atrazine, methomyl, carbendazm, PP-DDT, PP-DDE, dimethoate and 

cypermethrin was more in infected soil over the unpolluted site (Table 2). 

Relative to control (unpolluted), plants grown on polluted soils exhibited a 

significant decline in the content of key mineral elements like K, Ca, Fe, Mg and Mn 

while as an increase was observed in toxic metal ions including Cd, Pb, Ni, Cr, Al, Cu, 

and Co (Table 4). Decline in K, Ca, Fe, Mg and Mn in leaves was 11.12, 3.37, 8.31, 2 

and 1.93-fold respectively. Moreover, plants grown on polluted soils exhibited 

considerable increase in the contents of pesticides including taxophen, lamdha-

cyhalothrin, malathion, chlorpyrifos, diazinon, lindane, atrazine, methomyl, 

carbendazm, PP-DDT, PP-DDE, dimethoate and cypermethrin (Table 5). 

Content of total phenols, tannins, saponins, alkaloids and glycosides exhibited a 

significant increase in plants grown on the polluted soil over the control. Relative to 

control (unpolluted), percent increase in total phenols was 109.61% and 63.53%, 

tannins were 81.78% and 49.19%, saponins was 24.14% and 34.64%, alkaloids were 

43.17% and 14.24% and glycosides was 41.51% and 26.09% in leaves and stem of 

plants grown on polluted soil (Fig. 1A-E). However, terpenoids did not show so much 

difference between the plants grown on normal and polluted soils (Fig. 1F). 

 
Table 4. Mineral contents concentration in Leaf and Stem as affected by control and stressed 

condition. Data is mean (±SE) of three replicates and different letters denote significant 

difference at p < 0.05 

Mineral 

element 

Leaf  Stem 

Control 

(unpolluted soil) 

Stressed 

(polluted soil) 

Control 

(unpolluted soil) 

Stressed 

(polluted soil) 

K (mg g-1 DW) 47.26 ± 4.05a 4.25 ± 0.35b 8.489 ± 0.66a 6.64 ± 0.05b 

Ca (mg g-1 DW) 12.96 ± 1.42a 3.84 ± 0.44b 9.085 ± 1.15a 3.29 ± 0.64b 

Fe (mg g-1 DW) 12.30 ± 1.01a 1.481 ± 0.17b 7.626 ± 0.190a 7.44 ± 0.88a 

Na (mg g-1 DW) 1.22 ± 0.42a 1.457 ± 0.15a 2.775 ± 0.23b 6.050 ± 0.54a 

Mg (mg g-1 DW) 7.56 ± 0.34a 3.785 ± 0.53b 1.264 ± 0.163b 5.892 ± 0.48a 

Mn (mg g-1 DW) 3.18 ± 0.55a 1.642 ± 0.21b 2.383 ± 0.55a 1.8.65 ± 0.16a 

Co (mg g-1 DW) Nd 1.096 ± 0.18 0.071 ± 0.0059b 0.9666 ± 0.015a 

Al (mg g-1 DW) 1.11 ± 0.03b 3.203 ± 0.24a 9.476 ± 0.84a 2.62 ± 0.12b 

Cu (mg g-1 DW) 0.7433 ± 0.59b 6.259 ± 0.49a 0.9233 ± 0.76b 8.08 ± 0.51a 

Cd (mg g-1 DW) 0.0761 ± 0.0021b 4.126 ± 0.38a 0.090 ± 0.020b 3.94 ± 0.50a 

Cr (mg g-1 DW) 0.08133 ± 0.012b 2.64 ± 0.102a 0.04366 ± 0.011b 2.346 ± 0.032a 

Pb (mg g-1 DW) 1.47 ± 0.020b 11.49 ± 0.46a 0.9136 ± 0.015b 2.645 ± 0.026a 

Ni (mg g-1 DW) 3.575 ± 0.28b 10.94 ± 0.63a 3.618 ± 0.35b 11.12 ± 0.721a 
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Figure 1. Content of (A) total phenols, (B) tannins, (C) saponins, (D) alkaloids, (E) terpenoids 

and (F) glycosides in H. ammodendron plants grown on control (unpolluted) and polluted soils. 

Data is mean (±SE) of three replicates and different letters denote significant difference at 

p < 0.05 

 

 

Plants grown on polluted soils exhibited significant increase in the lipid peroxidation 

in both leaves and stem. Relative to control, lipid peroxidation increased by 91.02% and 

120.06% in leaves and stem respectively (Fig. 2A). In addition to this the concentration 

of hydrogen peroxide in plants grown on polluted soils was significantly higher than the 

ones grown on normal soil. Relative to plants grown on the normal soil, hydrogen 

peroxide increased by 4.93 and 3.76-fold in leaves and stem of plants grown on polluted 

soils (Fig. 2B). 

Plants grown on polluted soils exhibited a significant increase in the activities of the 

antioxidant enzymes assayed. Percent increase in the activities of SOD, CAT and APX 

was 119.80%, 196.60% and 119.81% respectively in leaves over the normal grown 
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plants. Similar trend was observed in stem exhibiting significant increase in antioxidant 

enzyme activities over the plants grown on normal soils (Fig. 3A-C). 

 
Table 5. Mineral contents concentration in Leaf and Stem as affected by Control and 

stressed condition. Data is mean (±SE) of three replicates and different letters denote 

significant difference at p < 0.05 

Mineral element 

Leaf  Stem 

Control 

(unpolluted soil) 

Stressed 

(polluted soil) 

Control 

(unpolluted soil) 

Stressed 

(polluted soil) 

Toxaphen ND ND ND 3.03 ± 0.021 

Lambda-Cyhalothrin (mg g-1 DW) 0.012 ± 0.003b 2.12 ± 0.011a 0.011 ± 0.0011b 7.27 ± 0.045a 

Malathion (mg g-1 DW) 0.012 ± 0.002b 6.06 ± 0.031a ND 3.45 ± 0.23 

Chlorpyrifos (mg g-1 DW) 0.011 ± 0.0021b 4.14 ± 0.017a 0.010 ± 0.0002b 0.101 ± 0.044a 

Diazinon (mg g-1 DW) ND 1.81 ± 0.091 ND 0.141 ± 0.011 

Lindane (mg g-1 DW) ND 0.901 ± 0.056 ND ND 

Atrazine (mg g-1 DW) ND ND ND 11.11 ± 0.88 

Methomyl (mg g-1 DW) ND 0.404 ± 0.014 ND 0.222 ± 0.010 

Carbendazm (mg g-1 DW) ND 1.098 ± 0.028 ND ND 

PP-DDT (mg g-1 DW) ND ND ND 1.01 ± 0.002 

PP-DDE (mg g-1 DW) ND 2.02 ± 0.019 ND ND 

Dimethoate (mg g-1 DW) ND ND ND 2.07 ± 0.011 

Cypermethrin (mg g-1 DW) 0.010 ± 0.003b 11.15 ± 0.67a 0.010 ± 0.001b 11.12 ± 0.721a 

 

 

 

Figure 2. Lipid peroxidation (A) and hydrogen peroxide (B) in H. ammodendron plants grown 

on control (unpolluted) and polluted soils. Data is mean (±SE) of three replicates and different 

letters denote significant difference at p < 0.05 

 

 

Nitrate and oxalate content declined significantly in plants grown on polluted soils as 

compared to the plants grown on normal soil. Percent decline in nitrate and oxalate in 

plants grown on polluted soils was 26.12% and 24.53% in leaves and 11.18% and 

30.43% in stem respectively over the control plants (Fig. 4A, B). 

Gene expression results of four genes namely HMA4, PCS1, HSP70 and ZIP4 are 

shown in Figure 4. The expression of HMA4, PCS1, HSP70 and ZIP4 was increased 

significantly in plants grown on polluted soils with percent increase of 12.67, 16.57, 

14.74 and 8.39-fold in leaves and 10.38, 13.5, 9.17 and 7.79-fold in stem (Fig. 5A-D). 
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Figure 3. Activity of (A) superoxide dismutase, (B) catalase and (C) ascorbate peroxidase in H. 

ammodendron plants grown on control (unpolluted) and polluted soils. Data is mean (±SE) of 

three replicates and different letters denote significant difference at p < 0.05 

 

 

 

Figure 4. Content of (A) nitrates and (B) oxalate in H. ammodendron plants grown on control 

(unpolluted) and polluted soils. Data is mean (±SE) of three replicates and different letters 

denote significant difference at p < 0.05 

Discussion 

With rapid industrialization majority of agricultural lands are getting adversely 

affected by the industrial effluents which are rich in toxic metals, pesticides, 

herbicides, and other toxic agrochemicals. The accumulation of these toxic metal ions 

and agrochemicals in the soils directly affects the plants growing. In present 

investigation the influence of pollution from industrial effluents on soil properties and 

the growth of H. ammodendron was analyzed. Soil analysis of the polluted region 

revealed the presence of significant quantity of toxic metal ions concomitant with 

decline in beneficial elements. Presence of toxic metal ions in polluted soils 

significantly affected the growth of H. ammodendron by triggering decline in content 

of essential mineral elements including K, Ca, Mg, Na and Mn in leaf and stem. 

Earlier the availability of toxic metal ions has been reported to decline the content of 

essential mineral ions by others as well (Khan et al., 2015; Ahanger et al., 2020; 
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Ahmad et al., 2018; Alyemeni et al., 2018). Similar studies carried by Karahan et al. 

(2020) have reported considerable accumulation of toxic metal ions in different parts 

of medicinal plants grown in eastern mediterranean region of Turkey, thereby 

affecting their medicinal efficacy. On the contrary H. ammodendron plants grown on 

normal soil exhibited significantly increased content of the essential elements. 

Optimal availability and uptake of key mineral ions regulates the plant growth and 

metabolisms at physiological, biochemical and molecular levels often reflected as 

better growth and yield performance (Nazar et al., 2012; Ahanger et al., 2017). 

Availability and uptake of mineral elements significantly alleviates the damage to key 

physiological and biochemical functions of plants by strengthening the tolerance 

mechanisms (Sarwar et al., 2010; Ahmad et al., 2015; Khan et al., 2015; Sanches-

Virosta et al., 2019; Qin et al., 2022). Despite involving specific transporters, heavy 

metals affect the functioning of transporters involved in uptake and translocation of 

key mineral ions to aboveground plant parts (Haney et al., 2005; Peiter et al., 2007; 

Gustin et al., 2011; Ricachenevsky et al., 2013; Jain et al., 2018). Accumulation of 

heavy metals including Cd, Pb, Cr, Ni etc. triggers damaging effects on the key 

attributes including root growth, photosynthesis, enzyme functioning, electron 

transport and tolerance mechanisms thereby altering the normal growth and 

development in plants (Nazar et al., 2012; Chandra and Kang, 2015; Soliman et al., 

2019; Ahanger et al., 2020). 

 

 

 

Figure 5. Relative expression of (A) heavy metal ATPase4, (B) phytochelatin synthase1, (C) 

heat shock protein 70 and (D) ZIP4 transporter in H. ammodendron plants grown on control 

(unpolluted) and polluted soils. Data is mean (±SE) of three replicates and different letters 

denote significant difference at p < 0.05 
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Moreover, the growth decline in plants grown on polluted soil may be reflected to the 

presence of considerable amounts of agrochemicals including fungicides, pesticides etc. 

Accumulation of fungicides, pesticides, insecticides, and other agrochemicals in soils 

lead to soil degradation, reduced fertility and soil microbiome thereby influencing the 

vegetation considerably (Kalia and Gosal, 2011; Narayanan et al., 2022). Fungicides, 

including systematic as well as contact fungicides, induce alterations in the 

photosynthesis thereby reducing the generation of photoassimilates through the 

deleterious impact on the chloroplast structure, PSII activity and chlorophyll 

biosynthesis (Petit et al., 2012). In present study the polluted soils contained significant 

concentration of agrochemicals and their subsequent accumulation in H ammodendron 

may have adversely affected the growth and metabolism. Liu et al. (2021) have 

demonstrated that exposure of wheat to fungicide (difenoconazole) triggers oxidative 

stress and hampers chlorophyll biosynthesis reflecting in reduced growth and 

development. Agrochemicals can prove toxic to environment and plants and can affect 

the humans as well after entering the food chain. The usage of agrochemicals can 

benefit when applied in threshold concentrations while as can prove damaging in higher 

concentrations. For example, below threshold levels of fungicide and pesticide improve 

the yield of soybean (Henry et al., 2011). Treatment of kitazin, hexaconazole and 

carbendazim reduced growth and yield of pea by inducing oxidative damage and 

reduction in chlorophyll content (Shahid et al., 2018). 

Oxidative damage resulting from the pollutants in the soil significantly contributes to 

growth decline. In present study it was observed that H ammodendron grown on soils 

collected from polluted sites exhibited a significant enhancement in the lipid 

peroxidation. Lipid peroxidation determines the extent of damage to membrane 

structural and functional integrity which directly results from excessive generation of 

toxic reactive oxygen species (Soliman et al., 2019). Stress induced excessive 

generation of toxic radicals including hydrogen peroxide, hydroxyl, and superoxide etc. 

trigger peroxidation of membrane lipids thereby hampering their structural and 

functional integrity (Ahanger et al., 2020; Qin et al., 2022). Besides the presence of 

considerable amounts of heavy metals, the occurrence of several agrochemicals like 

fungicides, pesticides and insecticides may also trigger the lipid peroxidation through 

excessive generation of reactive oxygen species. Antioxidant system consisting of 

enzymatic and non-enzymatic components alleviates the damaging effects of toxic 

radicals to considerable extent and protects the functioning of cell and tissues. In 

present study also, the activity of antioxidant enzymes was significantly upregulated in 

plants grown on polluted soils reflecting in the potential of H. ammondendron to 

alleviate the damaging effects of excess free radicals. Earlier, Shakir et al. (2018) has 

demonstrated that treatment of higher concentration of pesticides induce reactive 

oxygen species production reflecting in increased lipid peroxidation and cell injury 

concomitant with decline in cell viability in Solanum lycopersicum. Similarly, treatment 

of different fungicides elevated the accumulation of reactive oxygen species and hence 

inducing lipid peroxidation (Mohamed and Akladious, 2017). 

The presence of heavy metal and agrochemicals in the soils resulted in significant 

decline in the nitrate and oxalate content in H ammodendron. Nitrate reduction in plants 

is accompanied by the formation of organic acid like oxalic acid and these acids 

contribute to maintenance of pH by neutralizing it after being alkalized during nitrate 

reduction (Tanaka et al., 2001). Nitrate concentration as well as assimilation influences 

the oxalate generation and the quality of edible plant products (Tian et al., 2008). 
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Organic acids including citric acid or oxalate have great affinity for heavy metals and 

sequester them into vacuole (Rauser, 1999) thereby preventing the damage to growth 

and cellular functioning. Oxalates potentially function in improving tolerance to pests 

and grazing animals (Prasad and Shivay, 2017). In present study H ammodendron 

grown on soils polluted with heavy metals and agrochemicals resulted in significant 

decline in oxalates and nitrate which affect significantly to heavy metal sequestration 

and the nitrogen metabolism respectively. Nitrate is taken through specific transport 

system and its metabolism is specifically regulated (Forde, 2000), and heavy metal as 

well as agrochemicals may have significantly influenced its uptake as well as 

metabolism. 

The H. ammodendron grown on the polluted soils exhibited a significant 

enhancement in the content of secondary metabolites including total phenols, tannins, 

alkaloids, saponins and glycosides. Accumulation of secondary compounds has a key 

role in mitigating the adverse effects of stress factors on the growth and development of 

plants (Ahanger et al., 2020; Soliman et al., 2019). Heavy metals trigger the 

accumulation of phenolic compounds by improving the functioning of the 

biosynthesizing enzymes (Chen et al., 2019). Secondary compounds neutralize the toxic 

reactive oxygen species thereby preventing the damage to key cellular and metabolic 

structures and there functioning as well (Chen et al., 2022). Under stressful conditions, 

like the polluted soil in present case, plants tend to mitigate toxicity of heavy metals and 

other compounds by modulating secondary metabolite metabolism which act as metal 

precipitators, scavengers of reactive oxygen species and chelating agents (Anjitha et al., 

2021). The generation or synthesis of specific type of metabolite in plants depends on 

the species, genotype, environmental condition, physiology (Isah, 2019) and in present 

study plants grown on metal and agrochemical polluted soils exhibited significant 

increase in accumulation of secondary metabolites. 

In addition of improving the physiological and biochemical mechanisms to alleviate 

the damaging the effect of heavy metals and agrochemicals on the growth the H. 

ammodendron plants exhibited a significant modulation of the expression pattern of 

some key genes having prime role in metal and agrochemical tolerance. Relative to 

plants grown on normal soil, the H ammodendron plants grown on polluted soils 

exhibited a significant up-regulation of the expression levels of genes including HMA4, 

PCS1, HSP70 and ZIP4. Heavy metal ATPase4, is one of the P18-type ATPase heavy 

metal transporter that pump toxic metals across membrane in an ATP dependent manner 

(Moller et al., 1996). Increased expression of HMA4 results in increased translocation 

of Zn to shoot (Mollar et al., 1996; Hanikenne et al., 2008) and contribute to increased 

accumulation of Zn and Cd (Lochlainn et al., 2012). HMA genes sequester metal ions 

into vacuole thereby restrict the toxic effects to considerable levels as has been reported 

by Liu et al. (2017). Phytochelatin synthase (PCS) mediates the synthesis of 

phytochelatins from glutathione thereby provide protection to plants against the toxic 

metal ions (Shine et al., 2015; Filiz et al., 2018). Phytochelatins are the metal binding 

peptides in plants that carry the detoxification of toxic metal ions thereby protect plants. 

Plants over-expressing PCS gene exhibit significant improvement in metal tolerance 

through greater production of phytochelatins resulting in improved growth and lower 

oxidative stress in terms of lipid peroxidation and radical generation (Zhang et al., 2018; 

Zhu et al., 2021). On the other hand, ZIP also contributes to prevent the damaging 

effects of toxic metal and improve the uptake and transport of beneficial ions (Guerinot, 

2000). There have very rare reports available discussing the influence of metal and 
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agrochemical pollution on the gene expression of plants. HSPs have key role in stress 

adaption and mitigation in plants (Al-Whaibi, 2011). HSPs regulate stress responses 

either or indirectly by controlling the expression of other key genes (Li et al., 2021). 

Increased expression of the mentioned genes in H. ammodendron grown on polluted 

soils reflects its potential to endure the harsh growth condition to some extent. Increased 

expression of HSP70 genes in Sogatella furcifera has been reported in response to 

pesticide treatment (Zhou et al., 2020). 

Conclusion 

Conclusively, it can be said that H ammodendron plants grown on polluted soils 

exhibit significant decline in growth, biochemistry and gene expression. Plants grown 

on normal soil exhibited relatively low oxidative damage in terms of lipid peroxidation 

which was correlated with the low accumulation of heavy metals and agrochemicals in 

them as compared to the plants grown on polluted soils. Polluted soils have significantly 

higher concentrations of heavy metals and agrochemicals which probably imparted 

oxidative damage, and the accumulation of secondary compounds in plants grown on 

such soils reflects in the induction of tolerance mechanisms in them. Gene expression 

studies reflected that H. ammodendron plants exhibited significant up-regulation of 

marker genes including HMA4, ZIP, HSP70 and PCS1. Presence of increased 

concentrations of agrochemicals and the accumulation of metabolites in plants can be 

potential reasons for developing the health complication in camels. 

Data availability statement. The datasets used and/or analyzed during the current study are available 

from the author on reasonable request. 
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