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Abstract 
 The effects of cadmium on the anatomical structures of different vegetative 
parts, namely root, stem and leaf of chickpea, Cicer arientinum L. was studied. 
Four different concentrations of CdCl2 e.g. 250, 500, 750 and 1000 µM were 
considered as treatments alongside non treated samples (control). In case of root 
anatomy decrease of root diameter, root cortex area, thick walled endodermal 
layer and reduced number of metaxylem vessels were observed compared to 
control. Similarly, stem diameter, cortical area, size and number of xylem vessels 
were decreased in Cd treated stem. However, large and increased number of 
trichomes had been found in Cd treated stem samples with deposition of 
phenolic compounds in vessels with increasing concentration of Cd. 
Considerable less toxic effects were observed in leaf anatomy except decrease in 
leaf thickness, reduced vascular area and closure of stomata in comparison to 
control sample. All such plant anatomical alterations indicated adverse effects as 
well as tolerance of chickpea up to certain concentrations of heavy metal to cope 
up with the changing environment.   

 
Introduction 
 Of all non-essential heavy metals, cadmium (Cd) is perhaps the one that has attracted 
the most attention in soil science and plant nutrition due to its potential toxicity to 
humans, and also its relative mobility in the soil-plant system(1). There are two types of 
causal relationships existing between the high concentration of heavy metals in the soil 
and the expression of toxicity symptoms. On the one hand, heavy metals compete with 
essential mineral nutrients for uptake thereby disturbing the mineral nutrition of plants(2) 
and on the other hand, after uptake by the plant it accumulates in plant tissue and cell 
compartments and hampers the general metabolism of the plant(3-5). When excessive 
amount of Cd is present in soil and water a range of plant responses occur, including leaf 
chlorosis, stunted growth, reduced photosynthesis, reduced plant fresh and dry mass 
and stomatal conductance, and even death. In Bangladesh contamination rates of arsenic, 
lead and mercury are alarming,  while  levels  of  cadmium and aluminum are of serious 
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concern. An alarming 94 per cent of poor and 78 per cent of non-poor households were 
found to be exposed to cadmium in excess of provisional tolerable weekly intake (6). 
 Morphology, anatomy and physiology of plants are likely to provide clues towards 
their adaptation to various growing conditions(7). Several studies are carried out to date 
to investigate the impact of heavy metals on one or a few anatomical parameters of the 
different plant species(8-10). No work concerning the effects of Cd on the anatomical 
structures of economically important crops from Bangladesh have been reported yet. 
During the present work chickpea was taken as an experimental material since it has 
been postulated that higher plants are more sensitive to Cd stress (11). At the same time 
chickpea is an economically important pulse for Bangladesh considering its nutritive 
value, production and consumption. 
 Study on the anatomical structures of chickpea due to effect of Cd will ameliorate the 
understanding of the plant cellular response towards Cd heavy metal toxicity and also 
any mechanism that lies beyond plant metal tolerance and homeostasis. Therefore, the 
present investigation was initiated to study the changes in anatomical structures in 
chickpea due to Cd. 
 
Materials and Methods 
 The seeds of chickpea (Cicer arietinum L.) var. BARI Chola 5 were collected from 
BARI and kept in airtight plastic packets at 4°C. Plants were grown in sand culture. 
Modified half-strength Hoagland solution(12) was used as nutrient solution. The seeds 
were surface sterilized with sodium hypochlorite (4 - 7%) to avoid any fungal infection. 
Modified half strength Hoagland solution was applied to control plants and 250, 500, 750 
and 1000 µM CdCl2 solution were applied to treat plants at alternate day up to 14 days. 
For root and stem anatomy middle part of the root and 2 cm above from the base of the 
stem was taken, respectively. For leaf anatomy trichome and stomata present on ventral 
side of the third leaf of the 14 days old plant were studied. The sections were stained 
with safranin and mounted in 20% glycerin. Transverse sections of root, stem and leaf 
were studied under a compound light microscope (Nikon ECLIPSE E200) at different 
magnification. Micrographs of the sections were taken using a digital camera (Nikon 
UFY-11A, Japan) attached with microscope. The plants were grown and maintained in 
net house condition and all the experiments were carried out in the Plant Physiology, 
Biochemistry and Plant Nutrition laboratory, Department of Botany, University of 
Dhaka. 
 

Results and Discussion 
 As compared to control root diameter decreased in Cd treated plants. Both in control 
and Cd treated roots, epidermis was single layered with thin walled parenchymatous 
cell. Cortex composed of thin walled parenchymatous cells just beneath the epidermis. In 
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control plant root, 12 - 14 layers of cortical cell present whereas in Cd treated plant root, 
it was 8 - 10 (Figs 1a-e). Usually roots were characterized by the presence of single 
layered endodermis. Cells were barrel shaped in both control and Cd treated roots. In Cd 
treated roots endodermal cells were smaller and thick walled as compared to control 
plant root (Fig. 1f). Pericycle was single layered just beneath the endodermis both in 
control and treated plant (Figs 1f-j). Remarkable structural changes induced in root tissue 
by exposure of the plant to Cd occurred in vascular system. In Cd treated root, diameter 
of metaxylem vessels decreased. Smaller metaxylem vessels were also found in Cd 
treated root (Figs 1g-j). Parenchymatous pith was smaller in Cd treated plant roots (Figs 
1b-e). Similar negative effects were observed in root anatomical traits in maize seedlings 
by combined effect of Cu and Cd(13) and vascular elements of fenugreek and 
chickpea,(14,15) respectively. 
 Diameter of the stem decreased in Cd treated stem. This smaller diameter was 
related with the reduction in cell size and also with reduction in size of the vascular 
elements. Stem is circular in outline in control plant whereas it is slightly wavy in Cd 
treated stem (Figs 2a-e). In the stem of control and Cd treated samples epidermis was 
monoseriate where cells were radially elongated. However, in Cd treated stem epidermal 
cells were thicker. Epidermal cell grew out in the form trichome. Multicellular glandular 
trichomes were found both in control and Cd treated stem. Trichomes were numerous in 
number in Cd treated stem as compared to control stem (Figs 2c-e). Increased number of 
trichomes refers to defense mechanism in response to stress. Compared to the control 
(Fig. 2a), trichomes were higher in length and trichome head was damaged in higher 
(1000 µM) concentrations of Cd (Fig. 3b). Such damage indicated toxic effect was 
increasing with increasing concentration of Cd. The cortical cells of the Cd treated stem 
occupied smaller area than that of the control stem in chickpea (Figs 2a-e). The number of 
cortical layer was 10 - 12 whereas it was 14 - 16 in control plant. However, reverse result 
had been reported in Trigonella foenum-graecum when Cd and Pb were applied(14). 
Vascular bundles were radially arranged. Secondary growth was observed in the stem of 
both control and Cd treated stem. In Cd treated stem cambium ring was thin. Size and 
number of xylem vessel was reduced in Cd treated stem (Figs 2g-j). Groups of 
sclerenchyma were superimposed upon the phloem. Number of sclerenchymatous 
patches increased in Cd treated stem (Figs 2g-j). Subdued appearance of xylem and 
phloem elements of stem in comparison to control samples were also reported in 
fenugreek and chickpea, respectively(14,15).  Phenolic compounds were found in vessel of 
higher concentration of Cd treated stem Figs 2i-j).  
 Much of the Cd taken up by plants is retained in the roots, but a portion is 
translocated to the aerial portions of the plant in general. Therefore, minimum changes in 
the anatomical characteristics of leaves had been observed. Similar observation of having 
anatomical   changes  only  in  roots  and  stems in B. juncea plants   exposed  to  higher  
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Fig. 1. Transverse section of the root of chickpea under 40X magnification.  a - control, b - 250 µM,  
c - 500 µM, d - 750 µM, e - 1000 µM Cd treated plant showing epidermis (epi), cortex (c), 
endodermis (en), vascular tissue (v), pith (p) and pericycle (pr). Transverse section of the root of 
chickpea under 400X magnification f - control, g - 250 µM, h - 500 µM, i - 750 µM, j - 1000 µM 
Cd treated plant showing cortex (c), endodermis (en), meta vessel (mv), pith (p) and 
schlerenchyma (scl).  Bar = 50 µm. 
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Fig. 2. Transverse section of the stem of chickpea under 40X magnification. a - control, b - 250 µM,  
c - 500 µM, d - 750 µM, e - 1000 µM Cd treated plant showing epidermis (epi), cortex                 
(c), endodermis (en), xylem (xy), pith (p), cambium (ca),  schlerenchyma (scl) and pericycle (pr). 
Transverse section of the stem of chickpea under 400X magnification f. control, g - 250 µM,          
h - 500 µM, i - 750 µM, j - 1000 µM Cd treated plant showing cortex (c), metavessel (mv), pith 
(p), cambium (ca), schlerenchyma (scl) and phloem (ph). Bar = 50 µm. 
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Fig. 3. Transverse section of the stem of chickpea under 1000X magnification. a - control, b - 1000 µM Cd treated 
plant showing trichome (tri). Transverse section of the leaf of chickpea under 400X magnification.                         
c - control, d - 250 µM, e - 500 µM, f - 750 µM, g - 1000 µM Cd treated plant showing upper epidermis (uep), 
lower epidermis(lep), vascular bundle(vb), palisade parenchyma (pp) and spongy parenchyma (sp). Peel of 
the leaf of chickpea h - control, i - 250 µM and j - 1000 µM Cd treatment showing open and closed stomata 
and guard cell under 100X magnification. Bar = 50 µm.  

 

concentration of Cd had been reported(16). Breadth of the midrib as well as laminar 
portion decreased in Cd treated plants (Figs 3d-g) compared to control Fig. 3c). No 
significant changes had been found in epidermis and mesophyll tissue of both Cd treated  
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and control chickpea leaves. Collateral vascular bundle was situated in the center of the 
midrib and surrounded by parenchymatous bundle sheath. Vascular area in Cd treated  
leaf became smaller as compared to control leaf (Figs 3c-g). Combined effect of Cu and 
Cd caused decrease in leaf structural traits as thickness of midrib, upper epidermis, 
parenchyma and vascular bundle in maize seedlings(13). Cd-induced xerophyte anatomic 
features of leaves (i.e. thick lamina, upper epidermis, palisade mesophyll, high palisade 
to spongy thickness ratio, as well as abundant and small stomata) had been observed(17) 
which was not in congruent to present findings. 
 In the leaf of 14 days old Cd treated plant, stomata were open in control whereas Cd 
treatment caused closure of stomata of chickpea plants (Figs 3h-j). Closure of stomata 
might be due to increase in abscisic acid level and decrease the rate of photosynthesis by 
Cd. 
 Chickpea plants showed gradual degeneration of different anatomical features in the 
root, stem and leaf transverse sections under Cd stress. Subnormal appearance of xylem 
and phloem elements was significant across all studied organs, namely root, stem and 
leaf in comparison to control that indicated toxic effect of Cd leading towards subdued 
conduction of water and photosynthates. Moreover, changes on anatomical traits were 
somewhat dependent on Cd concentration as the changes were more pronounced with 
increasing Cd concentration. Even the effect of Cd in a tolerant species Schinus molle was 
concentration dependent, and at low Cd concentrations, these plants could cope with the 
toxicity by adjusting leaf structure and function(18). Thus the present investigation 
revealed that Cd had detrimental effects on the anatomical structures of chickpea with 
increasing concentration of Cd although the plant struggled to minimize such effects by 
modifying the cellular structures to some extent. Further studies of anatomical structures 
in relation to growth and biochemical changes will ameliorate authors' understanding of 
the plant cellular responses towards Cd toxicity in crop plants. 
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