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INTRODUCTION
Three fourth cities of Asia, Latin America and Africa are suffering 
from municipal and industrial waste water irrigation. Individually 
and synergistically, the toxic substances released from industries 
are badly affecting the growth of plants. Sewage waste containing 
metal and industrial effluents can cause the pollution of 
agricultural soil and crops. The concentration, type of pollutants 
as well as plant species in industrialized regions affect crop yield. 
The major source due to which river plants are affected, due to 
pollution, are wastes from town and cities [1-8].

During the present age of industrialization, heavy metal toxicity 
cause great damage to crops in some important agricultural 
areas. It was reported by [9], that concentration of heavy metals 
is increasing day by day and if proper steps are not taken it will 
impossible to cultivate agricultural areas. It is due their use in large 
number of industries such as in engineering of alloys, batteries, 
electroplated metal parts, textile dyes, pesticides and steel. [10-16].

Khokhar village is located on bund road in north of Lahore near 
premises of Badami bagh Lahore. Badami bagh is an industrial 
area where large steel and plastic industries are located. The waste 
water of these mills is directly or indirectly disposed to water 
which is used for irrigation purposes. 

Water used for irrigation in experimental site contain large 

amount of heavy metals in it including chromium. Industries 
disposed their waste water and garbage into water channel which 
is used in irrigation via open or covered routes. Similarly, people 
in this village established their Diary farms along the water body 
and they use to throw dung and other waste material in it. The 
site which is taken as control is botanic garden, GCU Lahore 
which is located at Mall road Lahore. Botanic garden of GCU is 
established in 1912. The water used there for irrigating the plants 
is fresh water and was taken as control. The effect of different 
heavy metals i.e. Iron, Lead, Copper, Nickel and Chromium 
was studied on four wild plant species Persicaria barbata L. from 
Polygonaceae, Trianthema portulacastrum L. from Aizoaceae, 
Amaranthus viridus L. from Amaranthaceae and Portulaca oleraceae 
L. from Portulacaceae.

MATERIALS AND METHODS

Location of study area (khokhar village bund road lahore) 
assava plants and growth conditions  

Soil samples were collected from polluted (Khokhar village) 
(Figure 1) and Botanic garden. The soil from Khokhar village was 
considered as experimental and soil from Botanic Garden was 
considered as control. For the analysis of soil procedure described 
by Richard, Allen and Saeed was adopted [16-19]. By using these 
methods pH, Electrical conductivity, Calcium, Magnesium, 
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Bicarbonates, Chlorides, Phosphous, Soil Carbon, Organic 
matter, Soil Moisture and Nitrogen were determined. Similarly, 
soil texture was measured by adopting the method described by 
Bouyoucus (1962) [20].

Water analysis

For water analysis the method described by Gregg (1989) was used 
[21]. This method was also adopted by environmental protection 
agency (EPA) Pakistan. The water samples were collected from 
sewage canal khokhar village used for irrigation of plants and 
other water sample was collected from tube well of botanic 
garden, GC university Lahore. This water is used for irrigation of 
plants in botanic garden and it is also used for drinking purposes 
. this water sample is taken as control.

Metal analysis

A total of five metallic elements were determined in the pre-treated 
samples of water using Atomic Absorption Spectrophotometry as 
described by Gregg (1989) [21]. These include, Iron, lead, copper, 
nickel and chromium. 

Anatomical studies

Four wild plants were collected from polluted and non-polluted 
sites. The polluted site was khokhar village near bund road, where 
sewage and industrial water, which was drained in nearby water 
body, was used for irrigation purposes. Botanic garden, GCU 
Lahore was taken as controlled site. The four wild plant species 
used for anatomical investigation were i.e. Portulaca oleracea L., 
Amaranthus viridus L., Trianthema portulacastrum L., Persicaria 
barbata L.

The standard method for section cutting was followed. Cylindrical 
parts of plants like stem and root were used for study of internal 
structure. Free hand sections were cut mostly with the help of 
good sharp razor (safety razors were also used to cut sections). 
The method of double staining and mounting of slide [22,23] 
was followed. These sections were observed under low and high 
magnification power of compound microscope. The method 

of micrometry was followed by mehmood et al., [24]. Size of 
vascular bundle, size of cortex, size of pith and size of epidermis 
were measured both for control and experimental plants and 
compared.

RESULTS 
According to this, pH of control soil was 7.5 and of experimental 
7. 20. Electrical conductivity showed that experimental soil is 
slightly alkaline. The amount of organic matter showed that 
the experimental soil had slightly well for agriculture. The % 
moisture showed that experimental soil had maximum water 
holding capacity, while the texture of soil is silt loam in control 
and silt in experimental soil. Number of carbonates was same in 
both, while the amount of bicarbonates was greater in control 
soil, i.e. 2.25 in control and 1.54 meq/L in experimental soil. 
Amount of Ca++ ions in experimental soil was 7 and in control 
it was 2.4. Amount of Mg++ in control is 10 and experimental 
is 8.15. The amount of nitrogen in control is 0.035% while in 
experimental is 0.112%. The amount of phosphorus in control 
soil was 6 ppm while in experimental soil it was 5.35 ppm. The 
amount of potassium in control is 21 ppm while in experimental 
is 32 ppm. Table 1 showed physicochemical properties of soil.

Table 1: Soil analysis of experimental and control samples.

Sr. No. Parameter Controlled Experimental
1 pH 7.5 7.2
2 EC dSm-1 1.75 3.544
3 % Organic matter 3 2.12
4 % moisture 11.8 23.46
5 Soil texture Silt Loam Silt
6 CO3- (meq/l) 1.08 1.08
7 HCO3- (meq/l) 0 1.54
8 Ca++ (meq/l) 7 2.4
9 Mg++ (meq/l) 10 8.15

10 Nitrogen (N) % 0.035 0.112

11 Phosphorus (P) 
ppm 6 5.35

12 Potassium (K) 
ppm 21 ppm 32 ppm

         *Control is botanic garden                                 **Experimental is khokhar village

Table 2 explained the heavy metal concentration in the waste 
water samples which were collected from Khokhar village. It was 
found that concentration of Iron, Lead and copper was 1.2314, 
0.0980 and 0.1194 respectively. But on the other hand, Nickel 
and chromium was not found in waste water. The concentration 
of copper is much greater than NEQS value i.e. 0.05 mg/L.

Table 2: Water analysis of control and experimental samples.

Metal Experimental 
mg/l Control mg/l NEQS

Iron 1.2314 BDL 2
Lead 0.098 BDL 0.05

Copper 0.1194 BDL 0.05
Nickel BDL BDL  

Chromium BDL BDL 0.05
*BDL stands for Below Detection Limit.   **control is botanic garden   
***experimental is khokhar village

Figure 1: Location of study area (Khokhar Village Bund Road Lahore).
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Figure 2 showed that the size of epidermis, cortex, Vascular 
bundle and pith in stem of Trianthema portulacastrum L. was 16.6, 
89.33, 68 and 135 µm in control plant respectively but on the 
other hand size of same tissues in experimental plant was 10, 
40, 16 and 110 µm respectively. The relationship showed that 
controlled plant shows better growth than experimental. Growth 
of epidermis is 6.6 µm, growth of cortex is 49 µm, growth of 
vascular bundle is 52 µm and growth of pith is 25 µm greater 
than experimental. 

Figure 3 explains that the size of epidermis, cortex, vascular 
bundle and pith in root of Trianthema portulacastrum L. was 9, 45, 
92 and 47 µm in control plant respectively and the size of same 
tissue in experimental plant was 7, 16, 92 and 38 µm respectively. 
This relationship showed that roots of controlled plant shows 
maximum growth than experimental. Growth of epidermis is 2 
µm, growth of cortex is 29 µm, Growth of vascular bundle is 11 
µm and growth of pith is 9 µm greater in control. 

While studying the anatomy of plants morphological characters 
were also noticed. Those plants were selected which were of equal 
size and healthy. In Trianthema portulacastrum L. control, the 
epidermis is one celled thick from which hairs were originated. 
Cortex is 5 to 6 celled thick which had many sclerenchymatous 
cells. Endodermis was very thick and casparian strips were not 
well developed. Vascular bundles were less developed but Pith 
was well developed and it had very less amount of parenchyma 
cells. In experimental plants epidermis was one celled thick and 

also had trichomes. This epidermis was not well developed and 
sometimes even not clearly seen under light microscope. The 
cortex was many celled thick but cells were smaller in size and 
had less diameter. The endodermis was again well developed and 
seemed like a circle but cells were smaller in size and not clearly 
seen under light microscope. Vascular bundles were of unequal 
size, some were larger and well developed while other were not 
well developed. Again pith was well developed and larger cells 
were found. 

Similar case was observed in the root of same plant. Root was 
woody and branched. Epidermis was one celled thick but was 
damaged. Cortex was not well developed and longitudinal cells 
were observed. Endodermis was clearly seen at some places and 
sometimes we were unable to observe it. A helical structure was 
observed throughout the root of plant. Number of sclerenchyma 
cells was less but number of parenchyma cells was lager. Sometimes 
small air spaces was also found, but in experimental plant, 
anatomical studies revealed that epidermis was also one cell thick 
but cell were larger than control and breakage was not clearly 
seen. Cortex was few celled thick and cells were rectangular and 
4-5 layered. Endodermis was clearly seen in experimental helical 
structure was not prominent here. Air spaces were present more 
in experimental as compared to control. Longitudinal cells were 
present beneath the epidermis with small partitions in them. In 
the center of root in pith circular cells were present and results 
showed that the growth of cells was more healthy in experimental 
as compared to control. 

Figure 4 showed that the size of epidermis, cortex and vascular 
bundle in stem of Amaranthus viridis L. in experimental is 13, 45 
and 76 µm in respectively and the size of same tissues in control 
8, 12 and 19 µm respectively. Results explained that experimental 
plant shows maximum growth. Growth of epidermis in 
experimental plant 5 µm, growth of cortex is 33 µm, growth of 
vascular bundle is 57 µm greater than control. 

Figure 5 showed that size of epidermis, cortex, vascular bundle 
and pith of root of Amaranthus viridis L. in control is 18, 68, 54,34 
µm respectively while the size of same tissues in experimental 
plant is 46, 77, 87 and 50 µm. It was observed that root of 
experimental plant showed better growth than control plant. 
Growth of epidermis in experimental is 28 µm, growth of cortex 

Figure 2: Study of different tissues from the cross section stem of 
Trianthema portulacastrum L.

Figure 3: Study of different tissues from the cross section of root of 
Trianthema portulacastrum L.

Figure 4: Study of different tissues from the cross section of stem of  
Amaranthus viridis L.
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is 9 µm, Growth of vascular bundle is 33 µm and growth of pith 
is 16 µm greater than control.

Anatomical studies of Amaranthus viridis L. control plants 
revealed that trace material was found in cells of control plant. 
Epidermis was one celled thick which are oval or polygonal in 
shape. Cortex was 6 to7 cell layered thick and shape was from 
polygonal to oval in shape. Beneath the cortex endodermis was 
clearly seen along with casparian strips. Vascular bundles were 
in the form of ring and were of variable size. Metaxylem was 
clearly seen outside and small cells were seen inside. Pith was 
present in the center of the cell. Pith cells were comparatively 
larger than other cells. Pith consists of sclerenchyma cells but 
anatomical studies of experimental plants showed that epidermis 
is 2 to 3 celled thick. While cortex is 8 to 9 layered thick and 
shape of cells were from oval to polygonal and cells were much 
larger than control. Deposition of trace material was more clearly 
visible in experimental especially present on intercellular spaces. 
Vascular bundles were more prominent in experimental and were 
present in more number as compared to control. Metaxylem was 
present on inner side and protoxylem was present on outer side. 
Metaxylem and casparian strips were not clearly visible in them. 
Endodermis was much more clearly seen in experimental and 4 
to 5 celled thick. Pith was more prominent in experimental and 
cells were larger in size in experimental as compared to control. 

Similar kinds of results were seen in root. It showed better 
growth in control plant than experimental one. The root was 2 
to 3 celled thick and cortex was smaller as compared to other 
plants. Endodermis was well developed but cells were compact 
and boundaries were not visible. In the same way casparian strips 
were not seen. On the inner side vessels were present in the form 
of rays. Xylem is endarch i.e., protoxylem was on the inner side 
and metaxylem on outer side. Phloem was present on the outer 
side of xylem. Pith was present on the inner side but a star shaped 
cluster of sclerenchyma cells were seen in the center of plant. On 
the other hand in experimental plant the epidermis is 2 to 3 
layered structure and cortex was many celled layer structure. All 
the cells were cuboidal in shape and endodermis was not visible. 
Vascular bundle was in the form of a circle and small bundles. 
Here the number of sclerenchyma cells was less. Pith was large 
and covered the maximum space of root. In the center of root 

bundle of sclerenchyma cells were present which were arranged 
in four corners. 

Figure 6 showed the size of epidermis, cortex, vascular bundle and 
pith of stem of Portulaca oleracea L. in control is 17, 168, 104 and 
220 µm respectively, while the size of same tissue in experimental 
is 16, 60, 54 and 186 µm. Results clearly showed that control 
plant shows maximum growth than experimental one. Growth of 
epidermis of stem in experimental plant is 1 µm less than control. 
Growth of cortex is 108 µm, growth of vascular bundle is 50 µm 
and growth of pith is 34 µm greater than experimental.

Figure 7 showed the size of epidermis, cortex , vascular bundle 
and pith in root of Portulaca oleracea L. in control plant, which is 
20, 30, 202, 130 µm respectively while the size of same tissue in 
experimental is 10, 18, 145, 44 µm. Result depicts that control 
plant show better growth than experimental plant. Growth of 
epidermis of control is 10 µm, growth of cortex is 12 µm, growth 
of vascular bundle is 57 µm and growth of pith is 86 µm greater 
than experimental.

Anatomical studies of Portulaca oleracea L. experimental showed 
that epidermis was one celled thick surrounded by red colored 
layer; cells were thin and rectangular in shape. Beneath the 
epidermis cortex was present and shape of cells was oval or 
polygonal. Cells were thick walled and 9 to 10 layers of cells in 
cortex were present. Under the cortex, endodermis was present it 
was also one layered thick. Vascular bundles were present in the 
form of ring. Under the endodermis metaxylem can also be clearly 

Figure 5: Study of different tissues from the cross section root of 
Amaramthus viridus L.

Figure 6: Study of different tissues from the cross section stem of 
Portulaca oleracea L.

Figure 7: Study of different tissues from the cross-section of root of 
Portulaca oleracea L.
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distinguished. Pith was present in the center. Pith cells were thick 
walled and rounded in shape. But in control plants epidermis was 
2 layered thick and a prominent red layer was present outside the 
epidermis. Beneath the epidermis cortex was present, which was 
9 to 10 layered thick. Under the cortex, 3-celled thick endodermis 
was present. Vascular bundles were present in the form of ring. 
Protoxylem and metaxylem were visible in vascular bundles. Pith 
was present in the center of the stem which was more thick and 
large than control. This showed that anatomy of control was best 
than experimental. The same behavior was observed in roots. 
Roots of control plant showed that epidermis was many celled 
thick and all the cells were cuboidal in shape. Cortical cells were 
not prominent but tissue was easily recognized similar case was 
with endodermis. Vascular bundles were arranged in a circle and 
in radial fashion. Vessels were very small in their diameter and 
pith cells were larger and polygonal in their shape. Number of 
sclerenchyma cells was smaller while number of parenchyma 
cells was much greater. In experimental plant, root showed much 
reduced growth. Epidermis was clear but very much damaged. 
Similar results were observed in cortex, in which large intercellular 
spaces were present. Again vascular bundles were in the form of 
radial rays but these were not prominent as was in control plant. 
The diameter of pith cells was much reduced and their shape was 
from oval to polygonal.

Figure 8 showed that the size of epidermis, cortex and vascular 
bundle in stem of Perscaria barbata L. control plant is 12, 21 and 
76 µm respectively while the size of same tissue in experimental 
is 20,110 and 88 µm respectively. Results showed that the growth 
was best in experimental plant. Growth of the epidermis of 
experimental plant is 8 µm, cortex is 89 µm and vascular bundle 
is 12 µm greater than control. 

Figure 9 showed that the size of epidermis, cortex, vascular 
bundle and pith in root of Perscaria barbata L. control plant is 
24, 28, 40 and 116 µm respectively while the size of same tissue 
in experimental is 28, 96, 96 and 144 µm respectively. Results 
showed that the growth was better in experimental plant than 
control plant. Growth of epidermis of experimental plant is 4 
µm, growth of cortex is 68 µm, growth of vascular bundle is 56 
µm and pith is 28 µm greater than control.

DISCUSSION
Anatomical studies of Perscaria barbata L. experimental showed 
that epidermis was 4-5 layered thick with small rounded cells 
beneath the cortex 10 to 12 layered of cortical cells were present. 
Cells were thick walled and usually rounded in shape. Under the 
cortex endodermis was present. Casparian strips were also present 
in endodermis, which was easily recognized. Vascular bundles 
were present in center of stem and protoxylem and metaxylem 
can be easily distinguished and central portion is hollow. But in 
control plant epidermis was only 2 layered thick and cortex was 
much reduced in control as compared to experimental. Cortical 
cell size and number was much reduced in control. Vascular 
bundles were clearly visible in them. Metaxylem was much more 
prominent in them. Endodermis was present but casparian strips 
were not clearly visible. Stem was also hollow from the center like 
experimental one.

From the present study it was concluded that those plants show 
better growth than controlled one, which were growing away from 
the waste irrigated water because they absorb low concentration 
of water but on the other hand those plants which were in 
direct contact with waste water showed less growth. As there 
were several factors which directly reduces the growth of plants 
like concentration of copper, concentration of Phosphorus 
and Potassium, electrical conductivity etc. Similar results were 
reported by Tamousidis et al., [25]. According to them treated 
urban waste water of municipality is suitable for the irrigation of 
crops this may be due to nutritive value of waste water. But on 
the other hand Khan et al., reported that yield of plants gradually 
decreased as the concentration of waste water increased [26-29].

CONCLUSION
In the current study, increased concentration of waste water also 
raise the soil pH, EC, and SAR value and soil turned to saline 
which reduces the plant ability to absorb nutrients needed for 
vegetative growth. Experimentally proved that there is higher 
concentration of heavy metals in waste water which are potent 
to retard plant growth and development and adversely affect the 
yield. Moreover, by applying the wastewater the pH, EC as well as 
SAR values of the soil increases which change the characteristics 
of soil and turned it into saline one and also retard the plant 
growth. Similar findings have also been described in canola. 

Figure 8: Study of different tissues from the cross-section of stem of 
Persicaria barbata L.

Figure 9: Study of different tissues from the cross-section of root of 
Persicaria barbata L.
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Similarly, determined that Fe+2 and Cu+2 cause oxidative stress.

REFERENCES
1.	 FBeasch KW, Roberts-Pichette P. Effect of mining pollution on 

vascular plants in the northwest miramichi river system. Can J Bot. 
1970;48:1647-1656.

2.	 Kurimo U. Effect of pollution on the aquatic macroflora of the varkaus 
area. Finish lake district. Annals botanical fennici. 1970;7:213-254.

3.	 Kullberg RG. Distribution of aquatic macrophytes related to paper 
mills effluents in a southern Michigan Stream. American Midland 
Naturalist. 1974;91:271- 281.

4.	 B. J. Alloway. Heavy Metal in Soils, John Wiley & Sons, New York, 
NY, USA. 1990.

5.	 Raskin I, Kumar PBAN, Dushenkov S, Salt DE. Bioconcentration 
of heavy metals by plants.  Current Opinion in Biotechnology. 
1994;5:285-290. 

6.	 Shen Z, Li X, Wang C, Chen H, Chua H. 2002. Lead phytoextraction 
from contaminated soil with high-biomass plant species.  J of Environ 
Qual. 2002;31:1893-1900.

7.	 Gupta N, Khan DK, Santra SC. An assessment of heavy metal 
contamination in vegetables grown in wastewater-irrigated areas 
of Titagarh, West Bengal, India. Bulletin of Environmental 
Contamination and Toxicology. 2008;80:115-118.

8.	 Sharma MSS, Raju NS. Correlation of heavy metal contamination 
with soil properties of industrial areas of Mysore, Karnataka, India by 
cluster analysis.  Inter Resear J of Env Scien. 2013;2:22-27.

9.	 Ensink JHJ, Simmons RW, Van der Hoek W. Wastewater Use in 
Pakistan. Trans R Soc Trop Med Hyg. 2007.

10.	Misra SG, Mani D. Soil Pollution. Ashish Publishing House 8/81 
Punjab Bagh New Dehli. 1991.

11.	Chandra P, Sinha S, Rai UN. Bioremediation of chromium form 
water and soil by vascular aquatic plants. In: Kruger E, Anderson 
TA, Coats JR. (eds.) Phytoremediation of soil and water. american 
chemical society, Washington, USA. 1997;pp.274-282.

12.	Galloway JN, Thornton JD, Norton SA, Volchok  HL, McClean HL. 
Trans R Soc Trop Med Hyg. 1982.

13.	Hutton M, Symon C. The quantities of cadmium, lead, mercury and 
arsenic entering the U.K. environment from human activities. Sci 
Total Environ. 1986;57:129-150.

14.	Kullberg RG. Distribution of aquatic macrophytes related to paper 
mills effluents in a southern Michigan Stream. American Midland 
Naturalist. 1974;91:271- 281.

15.	Nriagu JO, Pacyna JF. Quantitative assessment of worldwide 
contaminationof air, water, and soils by trace metals. Nature. 
1988;333:134-139. 

16.	Nriagu JO. A global assessment of natural sources of atmospheric 
trace metals. Nature. 1989;338:47-49.

17.	Richards LA. Diagonsis and improvement of saline and alkaline soils. 
US Dept Agri. 1954.

18.	Allen SE. Chemical analysis of ecological material edited by Stewart, 
Blackwell scientific publication, oxford. 1974.

19.	Saeed, G. Technical Guide for the chemical analysis of the soil water 
samples. NARC, Islamabad. 1980.

20.	Bouyoucos CJ. Hydrometer method for making particle size analysis. 
Agron . J. 1962;54:464-465.

21.	Gregg LW, Water analysis Handbook. H.A.C.H Company, USA. 
1989;33-39.

22.	Pandey P.B. Modern practical botany, S.Chand and company 1St 
edn. Ltd.Ram Nagar New Dehli. 1980.

23.	Ensink JHJ, Simmons RW, Van der Hoek W. Wastewater Use in 
Pakistan. Trans R Soc Trop Med Hyg. 2007.

24.	Mahmood Q ,Ping Z, Rehan SM, Ejaz-ul-Islam, Rashid AM, Yousaf 
H. Anatomical studies on water hyacinth (Eichhornia crassipes 
(Mart.) Solms) under the influence of Textile waste water. J Zhejiang 
Univ Sci. 2005;6:991-998.

25.	Tamoutsidis EI, Papadopoulos S, Zotis J, Mavropoulos T.  Wet sewage  
sludge effect on soil properties and element content of leaf and root 
vegetables. J Plant Nutr. 2002;25:1941-1955.

26.	Khan MA, Shaukat SS, Khan MA. Economic benefits of irrigation of 
maize with treated effluent of waste stabilization ponds. Pak. J. Bot. 
2008;40:1091-1098.

27.	Ahmed JU, Goni MD. Heavy metal contamination in water, soil and 
vegetables of industrial areas of Dhaka, Bangladesh. Environ Monit 
Asses. 2011;166:347-357.

28.	Raziuddin Farhatullah G. Hassan M. Akmal S.S. Shah F. Mohammad 
M. Shafi J, et al. Effects of cadmium and salinity on growth and 
photosynthesis parameters of B. species. Pak J Bot. 2011;43:333-340.

29.	Smits EP, Pilon M. Phytoremediation of metals using transgenic 
plants. Critical Rev in Plant Sci. 2002;21:439456.


