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Abstract. Cadmium (Cd) is one of the most notable heavy metals because of its high mobility and
toxicity towards plants. In the present study, we aimed to evaluate the effect of cadmium on growth,
physiological parameters, anatomical changes and phenolic compounds content in Phaseolus vulgaris
L plant. Seedlings were exposed to cadmium at 0.25; 0.5 and 1 g.I" for 21 days. Results indicated that
cadmium significantly decreased percent seed germination, embryonic radical elongation, plant dry
weight, stem/root length and numbers of leaves and lateral roots. Cadmium also induced a decrease in
chlorophyll and protein content with all treatments; however, sugar and proline increased significantly
with 1 g.I"Y. Total phenolic content increased by around 43% and 32% in the above ground part and
roots respectively. Flavonoids, flavonols, hydrolysable tannins and condensed tannins showed a
significant increase with higher cadmium concentration. Cadmium also changed plant root and stem
anatomy; a decrease in both number and size of xylem vessels and a delay in xylem differentiation
were observed.
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Introduction

Modern agro-ecosystems have continually received ever-increasing cadmium (Cd)
pollution from several domestic and industrial activities, as well the agricultural
application of phosphate fertilizers, sewage sludge and irrigation water contaminated
with this element; leading to soil Cd contamination and increased Cd uptake by plants
grown in those mediums (McLaughlin et al., 2006; Escudey et al., 2007). Cadmium can
be found in soils, reaching levels of approximately 1 mg.kg™' for most of surface soils
(Kabata-Pendias, 2000). It is relatively easily available for plant uptake because it is
predominantly found in soil solution or bound to solid phase systems (Verbruggen et
al., 2009).

In plants, exposure to cadmium induces phytotoxicity symptoms, such as biomass
reduction, inhibition of root elongation (Gratao et al., 2009) and causes a reduction of
several physiological processes including photosynthesis, respiration and transpiration
(Seregin and Ivanov, 2001; He et al., 2017; Yazdi et al.,, 2019), seed germination
(Chugh et al., 1995; Fattahi et al., 2019) and interferes with uptake, transport, and
distribution of essential and non-essential mineral elements, especially in the form of
Cd?*(He et al., 2017). Cd toxicity triggers the over-accumulation of reactive oxygen
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species, ultimately resulting in oxidative stress in plants (Cuypers et al., 2011; Anjum et
al., 2015; Gupta et al., 2017)

Antioxidant molecules produced by plants as a response to Cd uptake, are considered
a defense mechanism to metal stress. In this context, many studies have shown the
radical scavenging properties of phenols, mainly by yielding electrons (Michalak, 2010;
Cruces et al., 2015; Manquian-Cerda et al., 2016). Plants exposed to heavy metal stress
have been observed to exude high levels of phenolic compounds (Posmyk et al., 2009;
Mongkhonsin et al., 2016; Manquian-Cerda et al., 2018).

The harmful effects of Cd in soils include also anatomical changes such as variation
in root tissues organization, development of apoplastic barriers (Vaculik et al., 2012),
structural changes in plant’s vascular system (Barcelo et al., 1988).

Common bean (Phaseolus vulgaris L.) is one of the most important grain legumes
worldwide; it is a valuable food source for humans around the world and accounts for
higher consumption and economic importance. This crop is potentially exposed to Cd
due to a component of fungicide and fertilizer formulations and amendment that is
commonly used in agriculture throughout the word.

The purpose of this study was to evaluate Cd effect on: (i) morphological and
physiological parameters, (ii) polyphenol accumulation in seedlings, (iii) root and stem
structure in order to obtain detailed picture of Cd-induced structural disorders in vessels.
It should help to explain responses of common bean to Cd stress.

Materials and methods
Plant material, treatments and growth conditions

Study was done in Algeria northern Africa under laboratory conditions. Common
bean (Phaseolus vugaris L.) Djadida genotype commonly cultivated there was used.
Seeds were selected, surface-disinfected using 0.1% sodium hypochlorite (NaClO) for
10 min, rinsed and soaked in distilled water at room temperature for 12 h. Seeds were
then germinated in sealed plastic dishes with moistened filter paper at 25 °C in dark for
3 days. Uniform seedlings were selected and transplanted to pots containing mould with
16 h light and 8 h dark cycle at average day/night temperature of 25 °C/20 °C and
average relative humidity of 75%, watered as needed according to field capacity
calculated in gram of water per gram of soil and afterwards, till the end of the
experiment for 21 days. The following treatments were considered: (1) 0.25 g.I"* of Cd,
(2) 0.5 g.I" of Cd, (3) 1 g.I"t of Cd. The Cd concentration was supplied us CdCl, water
solution. For control experiment, Cd was omitted.

Seed germination and root elongation test

This test serves to verify the effect of cadmium on seeds germination. After selection
and disinfection, seeds were placed in boxes containing filter paper moistened with
cadmium solution at different concentrations 0.25 g.I'", 0.5 g.I*, 1 g.I't and control
moistened with distilled water. In each box 50 seeds were putted at 25 °C temperature
in dark, with three repetitions for each concentration. Seeds were watered as needed by
distilled water during 7 days.

To calculate the germination rate, we counted seeds sprouted per box every day until
the seventh day, knowing that germination is positive when its radical reaches 5 mm in
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length. After the seventh day of seed germination, radical’s length of germinated seeds
was measured on cm.
To obtain percentage of germination, we used the formula:

G(%) = (number of germinated seeds / total number of seeds) x 100

Morphological parameters

The different studied parameters are: Stem height and root length measured in cm;
number of leaves and lateral roots. After sampling, roots were separated from above-
ground part of plants and dried at 80 °C temperature for 48 h and weighed until we
obtained a fixed weight in order to have the dry matter yield per pot.

Determination of tolerance index

Tolerance index (TI) was calculated as a ratio of the mean dry weight of plants
grown in presence of Cd and mean dry weight of control plants. Tl values lower than 1
suggests that plants are stressed due to metal pollution. Whereas, TI values equal to 1
indicate no difference relative to control treatments. Also, Tl values higher than 1
indicate that plant is a hyper accumulator (Audet and Charest, 2007).

Biochemical and physiological parameters
Photosynthetic pigments determination

For photosynthetic pigments (chlorophyll a and b, carotenoids) analysis, fully
developed trifoliate leaves were extracted with 80% acetone. Pigments contents were
determined spectrophotometrically (spectrophotometer Shimadzu UV 1800) at
following wavelengths: 663, 646 and 470 nm and calculated according to Lichtenthaler
and Wellburn (1983).

Total soluble sugars

Leaves were used for soluble sugar determination; extraction was done with 80%
(v/v) ethanol. Sugar content of resulting solution was determined following to Dische
(1962) using anthrone reagent. Absorbance was measured at 620 nm. Standards of
glucose were prepared and analyzed in the same way to obtain a calibration curve.
Soluble sugars content was calculated as mg glucose equivalent g FW.

Total protein content

The protein content in leaf tissue was determined according to Bradford (1976),
Fresh leaves were homogenized and extracted with 5 mM buffer Tris-HCI, pH 7.2,
0.25 M sucrose and 1 mM MgCl.. The extract was incubated with Bradford reagent in
darkness. Absorbance was measured at 595 nm and the amount of proteins was
expressed in equivalents of BSA bovin serum albumin (mg eq. BSA g FW), used as
standard.

Proline content

Proline content was determined following to Bates et al. (1973), using ninhydrin
reagent. The absorbance was measured at 520 nm. Reference standards of proline were
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prepared and analyzed in the same way to obtain a calibration curve. Results were
expressed on pg.gt DW.

Estimation of phenolic compounds

Phenolic compounds were extracted from shoot and roots dried samples of Phaseolus
vulgaris L. The amount of total phenolics in the extract was determined using Folin
Ciocalteu reagent as described by Meyers et al. (2003). Absorbance was measured at
750 nm and the results expressed in equivalents of gallic acid (mg eq. GA g DW), used
as standard.

Colorimetric aluminum chloride method was used for flavonoids and flavonols
determination, using optimized protocols established by Bahorun et al. (1996);
Kumaranand Karunakaran (2007a, b), respectively. Absorbance was measured at 430
and 440 nm respectively, and the amount of flavonoids and flavonol were expressed in
equivalents of Quercetin (mg eq. Q g™* DW), used as standard.

Hydrolysable tannins content was determined as described by Mole and Waterman
(1987) and was quantified according to standard curve prepared for tannic acid. Results
were expressed in equivalent of tannic acid (mg eq. TA g* DW).

Condensed tannins contents were determined following the method described by
Swain and Hillis (1959). The absorbance was measured at 500 nm. The amount of
condensed tannins was expressed in equivalents of catéchin (mg eq. CAg™* DW), used
as standard.

Anatomical study

At day 21 from sowing, samples were taken for light microscopy study. Sections
were performed on fresh plants. Cross sections were made on the main root (1 cm of the
collar; area of lateral roots), and those of stem are represented between first and second
internodes. Samples were cut with a vibratome in order to obtain 100-pum transverse
sections; fresh sections were collected and stained with iodine green carmine as
described in Locquin and Langeron (1978).

Specimens were analyzed using a light microscope (optika B-350, Italy) using x100
and x 400 magnifications, light micrographs were acquired by a digital camera and the
images were processed and archived with TS view software version 6.2.4.5, tucsen
imagin technology.

Statistical analyses

All data presented are the mean values of tree replicates + standard deviation (SD).
Statistical analysis was carried out by student analysis at 5%, 1% and 0.1% significance
level, using statistical software package STATISTICA version 8.0

Results
Effect of Cd on germination and root elongation

Smaller number of seeds germinated in comparison with control variant was identified
when Cd was added. Percent seeds germination was affected by different cadmium
concentrations, it was lowered by about 68% with 0.25 g.I"t of metal, 84% with 0.5 g.I"
and 98% with 1 g.I'* Cd concentration (p < 0.05%) in contrast to control (Fig. 1A).
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However, elongation of embryonic radical was impaired by about 70%, 87%, 91% (Fig.
1B) by 0.25; 0.5 g.I'*and 1 g.I"* Cd respectively (p<0.01**) compared to control.
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Figure 1. Effects of cadmium (Cd) on (A) germination kinetics, (B) radicles length of common
bean seeds (Phaseolus vulgaris L.). Results represent the mean + SE (n = 3) (*p < 0.05,
**p < 0.01, ***p < 0.001 according to Student test)

Effect of Cd on plant growth

Morphological changes in Phaseolus vulgaris L. plants treated with concentrations of
Cd showed leaf chlorosis, growth inhibition; stem weakening and dark brown root tips.
We noted that 21-day-old, bean seedlings on polluted soil developed all aerial organs
but shorter compared to control plants. Dark brown root tips and reduced growth are the
most common physiological effects of heavy metal exposure in plants (Ovecka and
Taka¢, 2014). Stem and main root length is 68.58% and 71.43% shorter respectively in
bean plants grown in 1 g.I"t Cd concentration compared with those of controls (Fig. 2A);
in this same concentration, bean plants had 50% fewer leaves and 20% fewer lateral
roots per plant (Fig. 2B). The above ground part-roots dry weight and TI which
represent relative plant growth were adversely affected by Cd concentrations; they
decreased gradually with increase of Cd concentrations. This decrease was around
77.27% in above ground part length, and 47.97% in roots length comparing to their
respective control under 1 g.I* Cd (Fig. 2C). According to results shown in Table 1,
Tolerance Index of bean plants is less than 1 for all Cd concentrations in both part of
plant, this confirmed a net decrease in biomass and suggests that Phaseolus vulgaris L.
plants are stressed.

Treatment with 0.5 and 1 g.I'! of Cd elicited significant decrease in all growth
parameters as compared with control value (P <0.05 *), except for lateral roots number
and roots dry weight; no changes were observed.

Table 1. Value of tolerance index of bean plants according to Cd concentrations

Cadmium treatments

TI 0.25g.I"*Cd 0.5¢g.l'Cd l1gltcCd
Above ground part 0.65 0.34 0.22
Roots 0.82 0.58 0.52
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Figure 2. Effects of cadmium (Cd) on (A) stem and main root length, (B) leaves and lateral
roots number, and (C) dry weight of common bean seedling (Phaseolus vulgaris L.). Results
represent mean + SE (n = 3) (*p < 0.05, **p < 0.01, ***p < 0.001 according to Student test)

Biochemical and physiological parameters

Cd treatment results in decline in chlorophyll content with increasing Cd
concentrations. Chl a decreased significantly (P<0.01**) under all treatments till
56.87% compared to control. However, Chl b decrease was significant only under 1 g.I*
Cd (p<0.05*) till 31.19% compared to control (Fig. 3A). When total carotenoids content
showed a decrease reaching their lowest value under 1 g.I"" Cd treatment (p<0.05*) in
contrast to control (Fig. 3B).
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Figure 3. Effects of cadmium (Cd) on biochemical parameters of common bean seedling
(Phaseolus vulgaris L.). Results represent the mean + SE (n = 3) (*p < 0.05, **p < 0.01,

***p < 0.001 according to Student test)
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It is obvious from Figure 3C that total soluble sugars content, appeared to increase
under Cd treatment; increase was significant under 0.5 and 1 g.I"t Cd (p<0.05*) as
compared with control value, it reached 24.80%.

Bean plants exhibited a significant decrease in proteins content with 1 g.I"* Cd
concentration (p<0.01**) reaching 84.67% compared to control (Fig. 3D) when proline
appeared to increase progressively with increase of Cd concentrations till 63.80% with
1 g.I"* Cd concentration (P<0.01%*) (Fig. 3E).

Changes in phenolic compounds

Phenolic content in Phaseolus vulgaris L. extract is shown in Figure 4. Increasing
levels of Cd markedly increased synthesis of these metabolites in all treatments in both
above ground part and roots (p<0.05*) in contrast to control, aside from roots
hydrolysable tannins. The rates of increase were till 43, 63, 58, 106, 239% in above
ground part, and till 32, 34, 65, 31 and 20% in roots for total phenolics, flavonoids,
flavonols, hydrolysable tannins and condensed tannins respectively.
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Figure 4. Effects of cadmium (Cd) on phenolic compounds content of comman bean seedling
(Phaseolus vulgaris L.). Results represent the mean + SE (n = 3) (*p < 0.05, **p < 0.01,
***p < 0.001 according to Student test)

Anatomical study

Our results showed that stem (Fig. 5A, B, C, D) and root (Fig. 6A, B, C, D) diameter
sections were similar in control and all Cd treatment plant samples, with slight
flattening of stem section. Cortex cells are similar in size in all samples; however, there
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was a slight enlargement of cortex zone in primary roots and stem that had been
exposed to Cd. At high magnification (Figs. 5E, F, G, H, 6E, F, G, H), a decrease of
both number and size of xylem vessels in root and stem sections was observed and
xylem differentiation appears retarded in plants grown in presence of Cd. which
probably led to a decrease in raw sap flow.

Development of plant led to progressive disappearance of cortical parenchyma
resulting to medular lacunae formation in plants stem; our results showed that medular
lacunae diameter decreased with increase of Cd concentration till its disappearance with
1 g.I" Cd concentration (Fig. 5), which suggests a delay in development of bean plant.
In addition, sections showed appearance of secondary tissues in control, in contrast
these tissues were retarded in plants grown with Cd treatment with a high number of
cambial cells (Figs. 5, F, G, H, 6E, F, G, H).

In root, higher Cd concentrations can result in rhizodermis disintegration in some
location of root, but lateral root initiation was observed in all samples (Fig. 6A, B, C, D).

Figure 5. Light micrographs of control (A, E) and Cd-treated plants: 0.25 g.I* (B, F); 0.5 g.I"*
(C, G); 1 g.I'" (D, H) showing transversal stem sections. C: cortex, X: xylem, P: phloem, S:
sclerenchyma, E: epidermis, ml: medular lacunae; Scale bar, 500 um
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Figure 6. Light micrographs of control (A, E) and Cd-treated plants: 0.25 g.I"* (B, F); 0.5
g.I" (C, G); 1 g.I" (D, H) showing transversal root sections. C: cortex, X: xylem, P:
phloem, E: endodermis, Ca: cambium; Ir: lateral root; mP: medular parenchyma; Scale
bar, 500 um

Discussion
Effect of Cd on germination and root elongation

Seed germination and root elongation tests are frequently used for assessing heavy
metal phytotoxicity (Wang and Keturi, 1990; Munzuroglu and Geckil, 2002). Our
results indicated significant inhibition of seed germination and root elongation under Cd
stress which is in agreement with previous results of Li et al. (2005) on Arabidopsis
thaliana. Hsu and Chang-Hung Chou (1992) reported that among heavy metals tested,
Cd showed more toxicity to seed germination of Miscanthus, Fattahi et al. (2019) also
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indicated that the increase in Cd concentrations led to an increase in germination time
and a reduction in germination percentage.

According to Kranner and Colville (2011), Cd hamper water uptake inhibiting seed
germination, and prolonged their dormancy under room temperature, Munzuroglu et al.
(2008) demonstrate that the inhibition of germination was related with abscisic acid
accumulation in seeds. In addition, starch is the most abundant stored material in seeds
used in germination after being degraded by enzymes such as amylase; so, inhibition of
specific enzymatic reactions by heavy metals causes a negative effect on germination
(Ko etal., 2012).

Effect of Cd on plant growth

Plant growth is one of the best indicators to evaluate plant response to environmental
stress. Cadmium stress is a major environmental factor which induces various
phytotoxicity symptoms such as stunted growth, root browning, chlorosis, necrosis and
cell apoptosis (Chang et al., 2013; Zemanova et al., 2015; Younis et al., 2018a).

Our experimental data revealed that cadmium stress inhibited the growth of bean
plants; similar behavior was reported by Yazdi et al. (2019), who found that seedlings
of lettuce treated with low doses of Cd (100, 200, and 300 ug.g™ perlite) had
phytotoxic effects. In addition, Younis et al. (2018a) reported that (Phaseolus
vulgaris) treated with (10°, 10°M Cd) showed a significant decrease in growth
parameters. The same result was observed in research conducted on three Miscanthus
species (Guo et al., 2016). Growth inhibition could be attributed to inhibiting
photosynthesis, respiration, water and nutrient uptake by Cd (Dias et al., 2013; Xue et
al., 2013). The production of various forms of reactive oxygen species under inductive
oxidative stress due to heavy metals presence, results in retardation of plant growth
that could eventually led to plant death (Loi et al., 2018). It has been proposed that
inhibition of root and shoot growth in presence of heavy metals may be mainly due to
abnormal cell division as well as interference of heavy metals with cofactors that play
a vital role in photosynthesis, respiration and protein synthesis in root and shoot of
plants (Volland et al., 2014).

Biochemical and physiological parameters

Cadmium treatments cause a decrease in pigmentation of common bean shoots wich
is in accordance with results of Molnarova et al. (2012) on Sinapis alba shoots., Younis
et al. (2018a) on P. vulgaris L., Yazdi et al. (2019) on Lactuca sativa Linn. and Chen et
al. (2019) on Kandelia obovata.

Decrease in chlorophyll content is attributed to inhibition of chlorophyll synthesis
either by affecting key enzymes synthesis such as d-aminolevulinic acid dehydratase
(ALA-dehydratase) and proto-chlorophyllide reductase (Stobart et al., 1985; Van
Assche and Clijsters,1990), or indirectly by induction of Fe deficiency by inhibiting
Fe(111) reductase and seriously affecting photosynthesis (Alkantara et al., 1994; Lang et
al.,1995; He et al.,, 2017). Cd is also known to enhance chlorophyll enzymatic
degradation (Somashekaraiah et al., 1992).

Sugars are involved in many mechanisms of biotic or abiotic stress response, their
action in abiotic stress is very wide, they can act as an osmoprotectants by stabilising
cellular membranes and maintaining turgor (Peshev and Ende, 2013) or as antioxidant
molecules (Keunen et al., 2013).
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Our results indicate that Cd treatment led to an increase in total soluble sugars
content in common bean. Similar results have been reported by Li et al. (2013) on wheat
plants and Vezza et al. (2018) on soybean plants under Zn and As stress, respectively.
Contrary to these results, reducing sugar content was observed in Phaseolus vulgaris L.
under Pb and Cd stress (Bhardwaj et al., 2009; Younis et al., 2018a). In fact, cadmium
induced perturbation in metabolism of carbohydrates by modulating their enzymes
activities and causes sugar accumulation (Devi et al., 2007; Mishra and Dubey, 2013)

Protein content is inversely proportional to Cd concentrations, it decreases with Cd
increasing. This is may be due to enhanced protein hydrolysis either by increased
protease activity (Palma et al., 2002; Melnichuk et al., 1982) or by fragmentation of
proteins due to toxic effects of reactive oxygen species. In fact, denaturant ion of
functional and structural proteins is known as a result of reactive oxygen species (ROS)
production in cells under stress conditions (Davies et al., 1987; Bowler et al., 1992).
Moreover, decrease in protein content can also be attributed to their slowdown
biosynthesis due to a decrease in nitrate reductase activity (Fresneau et al., 2007).
Similar effects have been showed in several other plant species under Cd stress (Tamas
et al., 1997; John et al., 2008; Aslam et al., 2014) or in Phaseolus vulgaris L. Plant
(Bhardwaj et al., 2009; Younis et al., 2018a).

Proline has always been considered as a biomarker of drought or salt stress. Actually,
several studies associated its accumulation with heavy metal stress (Alia and Pardha,
1991; Choudhary et al., 2007; Vezza et al., 2018; Younis et al., 2018a). Proline
promotes photosynthetic activity, water status, antioxidative enzymes activities (Zouari
et al., 2016) and assures osmotic adjustment at cellular level (Kasai et al., 1998).
According to Alia and Pardha (1991), increase in proline level could be either due to its
fresh synthesis and/or due to decrease in its utilization in stressed plants. Li et al. (2013)
reported that accumulation of proline is due to ornithine pathway involving in OAT
(ornithine d-aminotransferase) stimulation a biosynthesis enzyme of proline; on the
other hand, a decrease in GK (glutamate kinase) and PDH (proline dehydrogenase)
activities involved in catabolism of proline.

Changes in phenolic compounds

Oxidative stress is an important mechanism of cadmium toxicity (Smeets et al.,
2005). Plants use a complex antioxidant defense system to prevent oxidative damage
and keep reactive oxygen species concentrations within a narrow functional range
(Ozgur et al., 2013). The primary components of this system include non-enzymatic
radical scavengers among them carotenoids, flavonoides, and phenolic compounds.
These components keep plant cells away from oxidative damage by scavenging ROS
(Schafer et al., 2002). A better understanding of underlying antioxidant mechanisms
mediated by phenolic compounds is necessary to develop strategies for contaminated
crop soil.

Phaseolus vulgaris L. grown under Cd treatments showed a significant increase of
phenolic compounds and total flavonoids contents in both parts of plant. Under heavy
metal stress, phenolic compounds can act as transition metal ions chelators, ROS
scavengers (Vollmannova et al., 2014; Manquian-Cerda et al., 2016) and can suppress
lipid peroxidation by breaking radical chain reactions during lipid peroxidation (Arora
et al., 2000; Sakihama and Yamasaki, 2002).

Chen et al. (2019) reported that the activity of Shikimate dehydrogenase (SKDH),
cinnamyl alcohol dehydrogenase (CAD), and polyphenol oxidase (PPO) increased at the
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meantime when total phenolic compounds increase in Kandelia obovata exposed to
higher concentrations of cadmium (Cd) and zinc (Zn), which indicate that Cd and Zn
play a previously unrecognized but major role in phenolic compounds synthesis,
transport, and metabolism. Kovacik et al. (2006) affirmed that activation of the
phenylalanine ammonia-Liaza (PAL) enzyme is the main cause of increase in the
phenolic metabolits concentration, since it is the main biosynthetic pathway of phenolic
compounds. Increase of total phenolic compounds under Cd pollution has been reported
in several plants, including P. vulgaris (Manquian-Cerda et al., 2016; Mongkhonsin et
al., 2016; Younis et al., 2018b; Chen et al., 2019).

Flavonoids are frequently induced by abiotic stress especially by heavy metals and
promote roles in plant protection (Grace and Logan, 2000; Dai et al., 2006). Biological
and antioxidant activities of flavonols, among others quercetin, have been proven (Tsai
et al., 2002). Posmyk et al. (2009) reported that at 0.5 mM Cu?* stress, anthocyanins
concentration increased and that anthocyanins synthesis was the effective strategy
against ROS generated by Cu?* stress. Flavonoids are known that are inhibitors of
lipoxygenase enzyme, which converts polyunsaturated fatty acids to oxygen-containing
derivatives (Nijveldt et al., 2001).

Posmyk et al. (2009), Mongkhonsin et al. (2016) and Younis et al. (2018b) examined
common bean plant treated with metals such as Cu and Cd, and reported an increase in
flavonoids concentration in both shoots and roots.

In the present study, Cd led to a marked increase of tannins. Tannins have great anti-
oxidant capacities due to their phenol nuclei. According to Bruneton (1999),
hydrolysable tannins are ROS and superoxide anion scavengers and are very good
proton donors to ROS produced during peroxidation, resulting in more stable tannic
radical formation. Tannins are known to remove heavy metals from solutions using
green technology (Sun et al., 2019). Oo (2009) reported that the metal ions could
interact with hydroxyl groups of mangrove tannins through an ion exchange and/or
complexation process.

Anatomical changes

Plant anatomy is known to be sensitive to physical and chemical conditions, like Cd
pollution area. Anatomical changes in response to Cd have been long reported (Barcelo
et al., 1988; Lux et al., 2011; Pereira et al., 2018) on Phaseolus vulgaris, Zea mays L.
and, Solidago chilensis respectively.

Presence of Cd in soil causes a decrease of both number and size of xylem vessels
and a slight enlargement of cortex zone. As mentioned by Maksimovic et al. (2007), the
enlargement of cortical tissues had a functional role by decreasing radial flows of water
and solutes showed in maize with Cd and Ni pollution. Little information is available on
development of central cylinder cells and tissues under Cd stress; this topic requires
more attention, especially considering the importance of xylem translocation in
regulating cadmium movement from roots to aerial tissues (Lux et al., 2011).

Our result were in accord with Aloni (1987), Barcelo et al. (1988) and Vazquez et al.
(1992) who reported that Cd reduces cell division and differentiation in vascular cylinder
of Cd-treated bean plants, which seems essential for both production of cambium and
cambium cells differentiation into vessels and fibers leading to poor development of
vascular bundles. Moreover, the differentiation of cambium to these conducting elements
depends on phytohormones like auxins and cytokinins (Aloni, 1987; Bhalerao et Bennett,
2003). Lower auxin concentrations, result in slower differentiation and therefore fewer
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vessels (Aloni, 1988). It seems that Cd stimulates Auxin degradation (Chaoui et al.,
2005). Cytokinins seem crucial for formation and maintenance of cambial cells (Fukuda,
2004), furthermore Cd may decrease cambium size and fiber differentiation in stems by
inhibiting cytokinin export from roots (Aloni, 1982).

Cd exposure had not any effect on diameters of bean roots, which is in concordance
with Vazquez et al. (1992). However, higher Cd concentrations can result in
rhizodermis disintegration in some location of root, similar abnormal effects have been
also described in tomato (Gratdo et al., 2009).

Conclusion

The present study showed clearly that Cd had negative impact on seed germination,
plant growth and caused several physiological and biochemical modifications in
Phaseolus vulgaris L. Furthermore, it resulted in noticeable effects on phenolic
compounds contents as antioxidant response to Cd. It is supposed that the revealed
anatomical changes in xylem under Cd impact hamper fluid movement from root to
shoot and are one of the reasons of nutrients decrease and pollutants translocation from
roots to shoots. It might be a tolerance to abiotic stress limiting Cd impact on plant.

For future studies, evaluation of Cd effect on phenolic compounds profile and non-
enzymatic antioxidants seems to be important.
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