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ABSTRACT 

The present study investigates the anatomical and physiological changes caused by chromium (Cr) bioaccumulation 

in Ipomoea carnea, a known Cr accumulator. Plants were treated with 1.00 ppm and 2.0 ppm of Cr(III) for 30 days. 

Light microscopy revealed that Cr accumulated primarily in the roots, causing breakdown of epidermal cells. 

However, no significant structural changes were observed in leaves, stems, and roots compared to control plants. 

Clotted depositions were noted in roots and stems of plants treated with the highest Cr concentration. Our findings 

suggest that Ipomoea carnea can effectively uptake, translocate, and sequester Cr without significant physiological 

and structural impacts, indicating its potential for Cr phytoremediation. This study contributes to the development of 

sustainable phytoremediation strategies for chromium-contaminated soils.  

 

KEYWORDS: Chromium (Cr), Bioaccumulation, Phytoremediation, Ipomoea carnea, Heavy Metal 

Hyperaccumulation. 

 

INTRODUCTION 

Environmental pollution, particularly heavy metal (HM) pollution, poses significant health risks to human 

populations and ecosystems worldwide. Industrialization and inadequate waste management have exacerbated HM 

pollution in agricultural lands, leading to the accumulation of toxic metals in the food chain through plant uptake. 

Soil and water contamination have severe consequences on ecosystem balance, and understanding the fate of heavy 

metals in these environments is crucial. 

 

Chromium (Cr) toxicity in plants results in reduced yields, inhibited growth, enzymatic inhibition, and mutagenesis. 

However, certain plants, known as hyper accumulators, can sequester high levels of heavy metals without severe 

toxicity effects, making them valuable for phytoremediation. This eco-friendly technology utilizes plants to mitigate 

pollutant levels in soil, sediments, water, and air. 

 

Chromium exists in two primary forms: Cr(III) and Cr(VI), with the latter being more toxic. Cr(VI) can damage 

plant growth, photosynthesis, and other vital processes. Research has shown that plants absorb more Cr in their roots 

than stems and leaves, leading to anatomical changes such as altered root structure and reduced cellular 

differentiation. 

 

Previous studies have demonstrated that heavy metal stress can induce subtle anatomical changes in plants, 

including thickenings in vascular bundles and reduced mesophyll cell size (Barcelo et al., 1988; Zhao et al., 2000; 

Mangabeira et al., 2001). Chromium accumulation has been linked to increased root diameter and altered cell 

structure (Shahandeh & Hossner, 2000; Han et al., 2004; Stohs et al., 2000). 

 

This study investigates the anatomical changes induced by chromium in Ipomoea carnea plants, providing a detailed 

examination of its impact on plant structure and contributing to the understanding of chromium toxicity in plants. 

 

MATERIALS and methods 

Metal Analysis of Plant Samples: 

The plant samples were dried in a hot air oven at 80°C for 10 days, then ground into a fine powder using a mortar 

and pestle. The soil samples were air-dried for 10 days, followed by oven drying at 110°C for 24 hours, and then 

ground into a fine powder using a mortar and pestle. 

 

Digestion of Samples: 

For chromium analysis, 1.0 g of powdered plant sample was digested with a mixture of nitric acid (HNO3) and 

perchloric acid (HClO4) in a 10:1 ratio for 2-3 hours on a hot plate at 110°C. The samples were then cooled, 

filtered, and transferred to 50ml volumetric flasks. For soil analysis, 5g of soil was digested with a mixture of 5ml 

con. HNO3 and 2ml perchloric acid for 2-3 hours on a hot plate at 110°C. 

 

Chromium Analysis: 

The present study used Atomic Absorption Spectrophotometry (AAS) to measure the total chromium content in 
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plant biomass at the CAS in Marine Biology laboratory, Annamalai University. 

 

Anatomical Analysis: 

The treated plants with different chromium concentrations (0.0 ppm, 1.0 ppm, and 2.0 ppm) for 30 days. Then, we 

took root, stem, and leaf samples, cut them into sections, and treated them with Chrome Azurol S solution (CAS) 

to localize chromium. We captured photographs of the samples. 

 

Procedures for microscopic study:  

Leaf samples 5 mm in length were excised from the middle portion of the leaflets of the upper fronds. Stem and 

root samples 5 mm in length were excised from 2 cm above and 2 cm below the stem root intersection, 

respectively. The leaf, stem and root samples were prepared for light microscopy (LM). 

 

Light microscopy (LM):  

LM samples were immediately fixed in formaldehyde-acetic acid (FAA). The plant samples were alcohol 

dehydrated, paraffin embedded and ultramicrotomed. Leaf samples were subjected to different stains. Stains 

included copper sulfate for arsenic and Chrome Azurol S (CAS) for Cr in order to localize the respective metal in 

the plant tissues, and 1% toluidine blue and safranin (0.1%) fast green (0.2%) to observe the structural changes 

(Sass, 1958). 

 

For Chrome Azurol S (CAS) staining, LM sections embedded in paraffin were microtomed to obtain 4µ sections 

and placed on glass slides which were then cleared in citrisolve and dehydrated in an ethanol series. The sections 

were treated in 0.2 % CAS solution for 24 hours at room temperature. The sections were then washed in a methanol 

series, dehydrated and mounted (Suzuki et al., 1978). 

 

RESULTS AND DISCUSSION 

This presents paper the effects of chromium on histochemical analysis, accumulation capacity, displayed in 

various formats such as figures, graphs, and statistical representations. 

 

Growth Performances of Experimental Plants 

Examines the growth performance of experimental plants, revealing that Ipomea growth was unaffected up to 2 

ppm Cr contamination levels, but higher levels slightly reduced growth parameters. In this hydroponic study, 

five Ipomoea plants per duplicate were cultured at each Cr concentration, with four consistently growing plants 

selected for observing growth parameters. Chromium enters the plants from the root system and is partly 

transported along with nutrients to the above-ground parts of the plants, which influences the growth of organs 

such as stems and leaves. The reduction in above-ground biomass after stress is the most perceptive symptom. 

Turner and Rust (1971b) and Basit et al. (2022b) 

 

Histochemical Analysis of Cr accumulated Ipomea carnea 

In this study, we observed specific anatomical changes in plants treated with Chromium (Cr). These changes were 

evident in the stem, leaf petioles, and roots (shown in Figures 8-10, with T0 as the control, T2 - 1 ppm Cr, and T4 - 

2.0 ppm Cr). Notably, Cr accumulation was concentrated in stem and leaf petiole cells along vascular bundles 

(Figure 9), and in root cells, it accumulated in the epidermis, cortex, and vascular bundles 

 

Similarly, these observations suggest a possible mechanism of detoxification and adaptation in stems, as reported 

by Sridhar et al. (2011). This is supported by findings from 

  

Ambo-Rappe et al. (2011) and Akcin et al. (2018). Chromium treatment led to increased diameters of parenchyma 

cells in stems, compared to the control group. Plant hormone like cytokinins (CKs), contributes in the regulation of 

plant development by stimulating cell division and elongation. Cr stress alters endogenous level of CKs suggesting 

that CKs are also involved in tolerating the stress ( O’Brien et al., 2013)  The changes in shape  and size of cortical 

parenchyma cells suggest heavy metals may disrupt hormonal balance in stems (Gomes, 2011). Al-Saadi et al. 

(2013) observed widened intercellular spaces in cortical        parenchyma of Potamogeton L. species exposed to Ag and 

Cu, indicating a potential plant strategy to tolerate heavy metals in accumulator species (Akcin et al., 

2018).  

 

Previous studies have also reported a reduction in xylem vessel elements (Barnabas, 1996; Sridhar et al., 2011). 

Light micrographs showed intense coloring in vascular bundles of Cr-treated leaf petioles (Figs. 11 a-b), similar to 

Akcin et al.'s (2018) findings of heavy metal accumulation in stem vascular bundles. Al-Saadi et al. (2013) also 

observed deformation of vascular bundles in stems due to heavy metal exposure. High Cr concentrations led to 

reduced mesophyll thickness, and Sridhar et al. (2011) found that Cr accumulation resulted in decreased leaf 

thickness and shrinkage of epidermal, spongy, and palisade parenchyma cells in brake fern (Pteris vittata L.). 

Additionally, phloem and xylem thickness and vessel element diameter decreased compared to the control group 
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T4 

(Fig. 12). Similar decreases in vascular bundle, metaxylem, and phloem areas were reported in Sorghum bicolor 

and Brachiaria decumbens under Cd stress. Earlier, Gupta and Chakrabarti (2013) showed xylem and phloem 

deformation in heavy metal-treated stem sections of Bruguiera sexangula. The reduced xylem and phloem 

thickness may be related to low translocation efficiency of Cr, preventing its translocation to photosynthetic 

tissues (Gomes et al., 2011). 

 

The anatomical changes observed in the roots, stems, and leaves of plants treated with Chromium (Cr) demonstrate 

that Cr has a profound impact on the anatomy of I. carnea. The significant reduction in cell sizes in roots, stems, 

and leaves may be a result of growth under heavy metal stress. As a consequence, plant tissues exposed to Cr 

undergo specific anatomical changes to adapt and survive in a polluted environment. The findings of this study 

will contribute to a better understanding of the effects of heavy metals on different plant organs, providing 

valuable insights for future research. 

 

RESULTS AND DISCUSSION 

This study investigated the effects of chromium (Cr) on the growth performance, histochemical analysis, and 

accumulation capacity of Ipomoea carnea. The results are presented in various formats, including figures, graphs, 

and statistical representations. 

Growth Performance of Experimental Plants 

 

The growth performance of experimental plants revealed that Ipomoea carnea growth was unaffected up to 2 ppm Cr 

contamination levels. However, higher levels slightly reduced growth parameters. This finding suggests that 

Ipomoea carnea has a moderate tolerance to Cr contamination. 

 

Histochemical Analysis of Cr Accumulation 

Histochemical analysis revealed specific anatomical changes in plants treated with Cr. These changes were evident 

in the stem, leaf petioles, and roots (Figures 8-10). Cr accumulation was concentrated in stem and leaf petiole cells 

along vascular bundles (Figure 9), and in root cells, it accumulated in the epidermis, cortex, and vascular bundles. 

These observations suggest a possible mechanism of detoxification and adaptation in stems. 

 

Anatomical Changes in Response to Cr Stress 

Chromium treatment led to increased diameters of parenchyma cells in stems, compared to the control group. This 

finding is consistent with previous studies, which reported that heavy metal stress can alter plant anatomy (Sridhar et 

al., 2011; Akcin et al., 2018). The changes in shape and size of cortical parenchyma cells suggest that heavy metals 

may disrupt hormonal balance in stems. 

 

Impact of Cr on Vascular Bundles 

Light micrographs showed intense coloring in vascular bundles of Cr-treated leaf petioles (Figures 11 a-b). This 

finding is consistent with previous studies, which reported heavy metal accumulation in stem vascular bundles 

(Akcin et al., 2018). High Cr concentrations led to reduced mesophyll thickness, decreased leaf thickness, and 

shrinkage of epidermal, spongy, and palisade parenchyma cells. 

 

Implications of Anatomical Changes 

The anatomical changes observed in the roots, stems, and leaves of plants treated with Cr demonstrate that Cr has a 

profound impact on the anatomy of Ipomoea carnea. The significant reduction in cell sizes in roots, stems, and 

leaves may be a result of growth under heavy metal stress. These findings contribute to a better understanding of the 

effects of heavy metals on different plant organs, providing valuable insights for future research. 

 

Histochemical Analysis of Ipomea carnea Root 

Fig- Light microscopes showing the transverse section of Ipomea carnea root 
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T4 T0 T2 

T4 T0 T2 

To -control, T2 -Cr 1ppm and T4- Cr 2.0 ppm 

 

Fig-  Light microscopes showing the transverse section of Ipomea carnea stem 

 

To -control, T2 -Cr 1ppm and T4- Cr 2.0 ppm 

Fig- Light microscopes showing the transverse section of Ipomea carnea leaf petiole 

 

To -control, T2 -Cr 1ppm and T4- Cr 2.0 p 

 

Chromium (Cr) treatment induced specific anatomical changes in the roots of Ipomoea carnea compared to the 

control group (Figs. 11). Chromium deposits accumulated in exodermis cells, and the exodermis thickness increased 

significantly with higher Cr concentrations. These changes may result from Cr's oxidative properties in roots. 

Previous studies suggest that plants have a protective mechanism to bind heavy metals in cell walls, preventing their 

harmful effects (Vazquez, 1992; Wojcik, 2005). 

 

Notable changes in Cr-treated roots included breakdown of epidermal cells (Fig. 1C), consistent with previous 

findings on Cr's toxic effects in plants, including reduced root size, damaged epidermal cells, and collapsed 

trichomes and root hairs (Maleci et al., 2001; Mangabeira et al., 2001). Chromium may induce roots to produce 

ethylene stress and transport it to the shoot (Shinwari et al., 2015; Shahid et al., 2017). Stress ethylene causes 

cellular damage, primarily affecting roots and leading to chromium stress. 

 

Chromium exposure altered the root cell wall structure, causing the root system to accumulate more chromium than 

the stem and shoot (Ao et al., 2022). The results also revealed a significant increase in cortex thickness, particularly 

at 0.4 mM Cr treatment. Heavy metal stress can impede root growth by reducing cell division or disrupting 

phytohormone activity (Sharma and Dietz, 2006; Soudeh and Zarinkamar, 2012). 

 

Similar findings have been reported in other plant species, such as Scirpus lacustris L., which showed increased pith 

and cortical tissue layer proportion under Cr(IV) exposure (Suseela et al., 2002), and Mentha aquatica, which 

exhibited structural changes like damaged root cap and inhibited lateral root formation when exposed to Cr(VI) 

(Bianchi et al., 1998). High chromium concentrations can cause severe damage to root cells, leading to cell 

withering, plasma wall separation, and chromosome distortion, ultimately resulting in inhibited root cell division and 

differentiation, reduced root cell volume and number, and shortened root length (Saxena et al., 2021; Monga et al., 

2022). 
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The Cr-treated plants exhibited specific changes in stem anatomy (Figs. 12). Notably, chromium accumulation 

occurred in stem cells, particularly along vascular bundles (Fig. 13). These depositions may represent a 

detoxification and adaptation mechanism in the stem (Sridhar et al., 2011), supported by Ambo-Rappe et al. (2011). 

The Cr treatment led to anatomical changes in the stem, including increased diameter of parenchyma cells in the 

cortical and central pith regions compared to the control group. 

 

Chromium-treated leaf petioles exhibited intensely colored areas in the vascular bundles of the midrib, unlike 

control leaf petioles (Figs. 13 a-b). This finding aligns with previous reports by Sridhar et al. (2011) and Al-Saadi et 

al. (2013), where heavy metal accumulation primarily occurred in vascular bundles. Heavy metals have also been 

shown to cause vascular bundle deformations (Al-Saadi et al., 2013). 

 

The anatomical changes in Cr-treated roots, stems, and leaves indicate a significant impact of Cr on plant anatomy. 

Previous research supports these findings, highlighting Cr's damaging effects on cell internal structure and stem 

anatomy. The notable reduction in cell sizes may be a response to growth under heavy metal stress. Consequently, 

plant tissues exposed to Cr undergo specific anatomical changes to survive in polluted environments. 

 

Figs. Light microscopes showing the transverse section of Ipomea carnea root Cr-treated plants 

roots was the breakdown of epidermal cells 

  

Fig - Light microscopes showing the transverse section of Ipomea carnea stem vascular bundles 

 

a. Control 
b. Cr treated (T2 -Cr 
1ppm ) T4- Cr treated Cr 2.0 

ppm 



 

 

Arimaa Nokku Journal                             ISSN: 2320-4842 

(UGC Care Group-I Journal)                                  Vol-19 No. 01 January-March 2025 

 

70 

b. Cr treated (T2 -Cr 1ppm ) 
a. Control T4- Cr treated Cr 2.0 ppm 

Graph-1: Accumulation of Cr(VI) in the 
experimental plant Ipomoea carnea (ppm) 30th 

day 50 

45 

40 

35 

30 

25 

20 

15 T0 T1 T2 T4 

Figs.- Light microscopes showing the transverse section of Ipomea carnea 

Leaf petiole (Cr-treated and control) 

 

 

Cr-treated leaf petiole showed intensely coloured areas in vascular bundle of midrib compared to control leaf 

petiole (Figs. 13 a-b). 

 

Chromium accumulation 

Table 4 and Graph 1 present the chromium accumulation results in Ipomoea carnea. The data reveals a positive 

correlation between the external chromium concentration and the amount of chromium accumulated by the plant. As 

the chromium concentration in the hydroponic solution increased, the plant absorbed and accumulated more 

chromium, demonstrating a dose-response relationship. 

 

This finding indicates that Ipomoea carnea has the capacity to uptake and accumulate chromium from its 

surroundings, making it a promising candidate for phytoremediation applications. The results suggest that Ipomoea 

carnea can effectively absorb and sequester chromium, highlighting its potential for use in remediation strategies. 

 

Table 4: Accumulation of Cr(VI) in the experimental plant Ipomea (ppm) 
 Method Hydroponic culture 

 

 

Duration 

 

 

Conc. 

T0 

Ppm 

T1 

ppm 

T2 

ppm 

T4 

pp m 

Accumulation of Cr (VI) in the 

experimental plant Ipomea (ppm 30th day) 

  

 

0 

 

 

2.3 

 

 

10.5 

 

 

44.4 
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Previous studies have demonstrated the vital role of plant roots in degrading toxic organic materials (Palmroth et al., 

2002). Both Ipomoea have shown tolerance to chromium and accumulation in their roots and shoots. Notably, 

Ipomoea has exhibited high chromium accumulation in its roots, particularly in hydroponic cultures (Mant et al., 

2005). Similarly, E. crassipes has been found to tolerate up to 50 mg/L of Cr for 20 days (Gurdeep and Alok, 2011). 

Furthermore, Ipomoea asarifolia has demonstrated remarkable chromium absorption from tannery waste, with 

concentrations reaching 225 ppm (Putshaka et al., 2015). 

 

The high chromium concentration in roots suggests a plant mechanism that isolates chromium in the roots, 

protecting the aerial parts (Taufikurahman et al., 2019). This phenomenon, known as hyperaccumulation, involves 

plants storing heavy metals in their organs (Salido et al., 2003). Our study reveals that Ipomoea can effectively 

accumulate chromium in its roots and shoots, making it suitable for remediating chromium-contaminated soils and 

water. 

 

Similar findings have been reported in other studies on phytoremediation of chromium using weed plants 

(Taufikurahman et al., 2019). Additionally, Jatropha curcas has been shown to thrive in soil with high heavy metal 

concentrations (Subhashini and Swamy, 2014; Wu et al., 2010), highlighting the potential of these plants for 

phytoremediation applications. 

 

CONCLUSION 

This study demonstrates the potential of Ipomoea carnea, a hyperaccumulator plant, for phytoremediation of 

chromium-contaminated soil and water. The findings show that Ipomoea carnea can accumulate high levels of 

chromium in its roots, stems, and leaves, leading to specific anatomical changes that enable the plant to survive in 

polluted environments. 

 

The results indicate that chromium accumulation occurs primarily in the epidermis and cortex of root cells, along 

with vascular bundles, and in stem and leaf petiole cells along vascular bundles. These changes highlight the plant's 

ability to adapt to chromium pollution. Notably, Ipomoea carnea accumulated up to 44.4 ppm of chromium in 2.0 

ppm chromium-treated hydroponic culture, demonstrating its potential for phytoremediation. 

 

The plant's ability to accumulate chromium without significant physiological and structural impacts makes it an 

ideal candidate for cleaning up chromium-contaminated water bodies. This study contributes to our understanding of 

phytoremediation as a viable approach for heavy metal contamination remediation. 

 

Overall, the research demonstrates the potential of Ipomoea carnea for phytoremediation of chromium-contaminated 

soil and water, highlighting its ability to accumulate chromium and adapt to polluted environments. The findings 

suggest that this approach can be a cost-effective and eco-friendly solution for cleaning up chromium pollution, 

reducing the need for soil removal and replacement. 
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