Ecology and Evolutionary Biology
2022; 7(2): 18-22
http://www.sciencepublishinggroup.com/j/eecb

doi: 10.11648/j.eb.20220702.12

(Y J' v r
otlencer

Science Publishing Group

ISSN: 2575-3789 (Print); ISSN: 2575-3762 (Online)

The Impact of Organic Amendment on the Anatomical
Structure of Cyperus iria Linn and Echinochloa colona Link
Expose to Heavy Metal Pollution

Amadi Noble', Gbosidom Victor Lebura®, Worlu Adedoyin Anike®

'Department of Plant Science and Biotechnology, Faculty of Science, Rivers State University, Port Harcourt, Nigeria
Department of Science and Laboratory Technology, Kenule Beson Saro-Wiwa Polytechnic, Bori Port Harcourt, Nigeria

3Department of Agricultural and Applied Economics, Faculty of Agriculture, Rivers State University, Port Harcourt, Nigeria

Email address:
noble.amadil@ust.edu.ng (A. Noble), gbosidom.victor@kenpoly.edu.ng (G. V. Lebura), adedoyin.worlu@ust.edu.ng (W. A. Anike)

To cite this article:

Amadi Noble, Gbosidom Victor Lebura, Worlu Adedoyin Anike. The Impact of Organic Amendment on the Anatomical Structure of Cyperus
iria Linn and Echinochloa colona Link Expose to Heavy Metal Pollution. Ecology and Evolutionary Biology. Vol. 7, No. 2, 2022, pp. 18-22.
doi: 10.11648/j.eb.20220702.12

Received: February 24, 2022; Accepted: March 15, 2022; Published: April 14, 2022

Abstract: The effect of NPK, orange and plantain peels amendment on anatomical structure of Cyperus iria and
Echinochloa colona in heavy metal polluted soil was investigated in this study. Factorial experiment fitted into Randomized
Complete Block Design was adopted. Two kilogram (2kg) of homogenized heavy metal polluted soil were weighed into
planting bags and amended with 40g NPK fertilizer, 100g orange peels waste and 100g plantain peel waste in six replications
respectively. A double control of unpolluted and polluted soils without amendments in six replications were also set up. Two
(2) weeks old seedlings of Cyperus iria and Echinochloa colona were transplanted from nursery onto the respective
experiment blocks. The set up was monitored with constant watering at the rate of 500ml for two months of post treatment. At
the end of the experiment, the anatomical structure study of roots and shoots of the study plants grown in control soil and soil
amended with NPK 20:20:20 showed distortion in the vacuole bundles and cortex. On the contrary, Cyperus iria and
Echinochloa colona grown in soil amended with orange and plantain peels waste observed to be similar in anatomical structure
with Cyperus iria and Echinochloa colona grown in double control. The result also showed that the vascular bundles of
Cyperus iria and Echinochloa colona grown in NPK amendment treatments and control soil lost their shape in roots and
shoots. Therefore, orange and plantain peels amendment were effective in reducing the negative impact of metals on plants
anatomical structure. These amendments can be harnessed as chelators in making phytoextraction techniques feasible by
controlling wilting of plants during remediation processes.
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effects of the environment, plants develop tolerant
mechanisms to acclimatize to environmental changes such as
climate, moisture, temperature, soil condition and essential
minerals useful for plant growth. The plant species that
cannot adapt to this continuous environmental instability
eventually die. [3] accounted that Man is lost in thought in
exploiting the environment without taking into consideration
the harmful effects of his actions on the environment. Man in
all his exploitation actions has been diffident from all his
responsibility. According to [15]. Ignoring responsibilities
cannot prevent its consequences. Pollution issues are intense
in under developed countries of the world than it is in

1. Introduction

The desire of man to gratify his insatiable wants has led to
exploitation of environmental resources, ought to have
progressed  with  environmental sustainability.  The
environment is basically the effects of all conditions and
features which alters the existence of an organisms in its
natural habitat. In the growth medium, plants continued
existence, adequate growth and reproduction is a function of
suitable soil condition (physical and chemical). The
continued existence of living organisms (plants and animal)
is dependent on their habitat. In other to survive the negative
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technologically developed countries even with dense
populations may be very dense [18]. Metals are ubiquitous
since they constitute part of earthcrust formation [14] Human
interference contributes immensely in heavy metal
occurrence [1]. The harmful effect of heavy metals, their
persistence and vulnerability to plants has drawn the attention
of researchers [13]. The negative effects of metals on
biomolecular processes in plants result in growth decrease
[16]. It is reported that metals can only be changed from one
state to another [11]. In order to achieve decrease in soil
metal concentration, some feasible remediation technologies
have been adopted. The solubilization of heavy metal by root
exudates increase its availability for plant uptake [5].
Although plants need certain heavy metals for metabolic
processes, they can be toxic to plants when in excess. Metals
are not biodegradable like hydrocarbons rather they
bioaccumulate within plant tissues. Plants have various
mechanisms for metal tolerance and to withstand harsh
environmental conditions [10]. The tolerance mechanisms of
plants against extreme heavy metal toxicity such as reactive
oxygen species scavengers production, displacement of ions,
preventing heavy metal transport in aerial parts and Storage
of metals in non-sensitive parts [8].

Plants developed these strategies to survive in extreme
environment. Some of the noxious effects caused by excess
heavy metal concentration includes inhibition of cytoplasmic
enzymes, damage to cell structures [12].

Heavy metal effects have been reported to morphologically
decrease plant growth [20]. The part of plant having direct
link with pollutant that is the root exhibit changes in their
rooting system in other to adapt and survive such stress [6].
The primary organ that comes in connection with
contaminate is the root and it is exposed to toxic effects more
than other plant parts [19]. The first pronounced effects of
heavy metals on plants are observed in root length inhibition.
The morphological and structural effect of heavy metals
includes:

1. Decrease in plant root elongation;

2. Decrease in biomass and vessel;

3. Reducing root number;

4. Enhancement in lignification and changes in hypodermis

and epidermis structure. [12].

2. Materials and Methods
2.1. Study Area

This research was carried out at the Centre for Ecological
Studies, University of Port Harcourt, located in the Niger
Delta area of Nigeria on geographical coordinates of Latitude
4.90428°N and Longitude 6.92297°E. The area experiences
two distinct seasons - dry and wet seasons. The dry season is
from November to March and wet season is from April to
October. The annual rainfall is usually at its peaks in July and
September. The climate condition of the area is characterized
by temperature range of 36°C and 45°C for daily and annual
range respectively.

2.2. Sources of Materials and Processing

Land race of sweet orange was acquired from Otutu-
Amaumara Ezinihitte Mbaise LGA., Imo State. The sweet
orange is popularly known as 'Oroma or Epe' in their native
tongue. The ripe plantain was obtained from Kaiama in
Kolokuma/Opukuma L.G.A, Bayelsa State. The plantain
and orange peels were removed mechanically by hand
peeling. The peels (waste) generated from mechanical
process was dried and processed into powder form, which
was then analyzed to make certain the nutritional value and
heavy metals content of the peels (Table 1). The NPK
20:20:20 fertilizer was obtained from Rivers State
Agricultural Development Program (ADP) Rumuodomaya,
Port Harcourt. A suspected heavy metal polluted soil was
acquired from an abandoned metal scrap site at Ikoku
Rivers State Port Harcourt on geographical coordinate:
Latitude 4.80083°N and Longitude 6.991093°E alongside
with uncontaminated soil obtained from a fallow land at
University of Port Harcourt, depth 0-20 cm using a spade.
The soils collected were analysed to ascertain heavy metal
content and other physicochemical properties, this was
known as baseline analysis (Table 2). The soils were bulked
together, homogenized and transported to the Centre for
Ecological Studies University of Port Harcourt on
geographical  coordinate: Latitude 4.90428°N  and
Longitude 6.92297°E where the experiment was conducted.
The collected soil was mixed thoroughly, dried and sieve
through 2 mm mesh to obtain a homogenous soil (fine
fraction) composite.

Table 1. Nutrient and metal of the peels waste used.

Orange peels Plantain peels

S/N Parameter

waste waste
1 Phosphorus (mg/kg) 66.51 36.84
2 Sodium (mg/kg) 474.85 137.45
3 Potassium (mg/kg) 66,285 26,743
4 Magnesium (mg/kg) 1208 1614
5 Calcium (mg/kg) 278.70 4,400.10
6 Nitrogen % 0.119 0.196
7 Ash % 11.50 16.40
8 Fe (mg/kg) 767.7 483
9 Zn (mg/kg) 13.05 236.50
10 Pb (mg/kg) ND ND
11 Cd (mg/kg) ND ND
12 pH 5.56 9.08

ND = Not detected.

2.3. Experimental Design

Factorial experiment fitted into Randomized Complete
Block Design (RCBD) was adopted as a design for this
experiment. Weighing balance (Setra 480S, USA) calibrated
in (kg) was used to weigh two-kilogram (2 kg) of the
homogenized soil into twenty-four (30) planting bags. The
bags were arranged in 4 sets (A, B, C, and D) alongside with
uncontaminated soil designated as batch E.
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Table 2. Physicochemical properties and heavy metal content of polluted and
unpolluted soil.

S/N  Parameter Unpolluted Polluted soil
17 pH 5.10 8.43

18 Conductivity (usCm™) 90 1193

19 Iron (mg/kg) 48.2 4410

20 Zinc (mg/kg) 0.94 107.5

21 Lead (mg/kg) 130 167.3

22 Cadmium (mg/kg) 0.80 15.3

Note: SOM = Soil Organic matter.
2.4. Amendment Treatments

Two kilogram (2kg) of homogenized heavy metal polluted
soil were weighed into planting bags and amended with 40g
NPK fertilizer, 100g orange peels waste and 100g plantain
peel waste in six replications respectively. A double control
of unpolluted and polluted soils without amendments in six
replications were also set up. Two (2) weeks old seedlings of
identical size and vigour of Cyperus iria and Echinochloa
colona were transplanted from nursery onto the respective
experiment blocks. The experimental area was shaded with
transparent rubber zinc as to control rain water. Watering was
done 4 times a week using 500 ml and weeding was done by
hand picking when the need arose. The experiment was
allowed to stand for 60 days.

2.5. Sampling and Labouratory Analysis

At the 60™ day of the experiment, each plot were carefully
harvested; the plants shoots were separated from roots by
cutting, using a sharp knife. The cut portions of stem from
fresh specimens were fixed in formaldehyde, glacial acetic
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acid and ethanol (FAA) in the ratio of 1 part formaldehyde, 1
part glacial acetic acid and 18 parts of 70% ethanol (v/v).
Then they were passed through succession of graded ethanol
solutions in the progressive order 30%, 50%, 70%, and 95%.
The samples are allowed to stand for 2 hours. The specimens
were then transferred to absolute ethanol after passing
successively through the different ethanol concentrations this
was allowed to stand for 12 hours to enhance dehydration. At
the expiration of dehydration the specimen were trimmed,
embedded in wax block, hand sectioned, stained with counter
stain and mounted on slides, which were viewed under a
research microscope and photomicrographs of the sections
were taken using digital camera (Osuji, 2003).

3. Result

The addition of amendment influence the anatomical
structure of root and shoot as shown in Plates 4.6 and 4. 7.
The root and shoot anatomy of Cyperus iria and Echinochloa
colona grown in control soil and soil amended with NPK
20:20:20 of various concentrations 40 g, 80 g and 120 g
showed distortion in the vacuole bundles and cortex. On the
contrary, Cyperus iria and Echinochloa colona grown in soil
amended with various concentrations of orange and plantain
peels waste observed to be similar in anatomical structure
with Cyperus iria and Echinochloa colona grown in double
control (unpolluted without amendment). The result also
showed that the vascular bundles of Cyperus iria and
Echinochloa colona grown in NPK of various concentration
of amendment treatments and control soil lost their shape in
roots and shoots.

(4.0x) x 40

Shoot Anatomy

Figure 1. Anatomical structure of Cyperus iria.

Figure 1: Photomicrographs (x10) of root and stem anatomy of the genus Cyperus. Vb. Vascular tissue, Ct. Cortex, X. Xylem Ph. Phloem, Pr. Pericycle, Ep.
Epidermal cell, Ed. Edodermal layer, Mt. metal xylem. Note Xylem cells are stained red and phloem cell are stained blue using counter stain.
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Figure 2. Anatomical structure of Echinochloa sp.

Figure 2: Photomicrographs (x10) of root and stem anatomy of the genus Echinochloa sp Vb. Vascular tissue, Ct. Cortex, Px. protoxylem Ph. Phloem, Pr.
Pericycle, Ep. Epidermal cell, Ed. Edodermal layer, Mt. metal xylem, Pt. Pith, Hd. Hypodermis.

4. Discussion

It is well acknowledged that heavy metal contamination
affects the physicochemical characterization and biological
properties of soil thus influence negatively the general
performance of plants [16; 7]. The effects of heavy metals on
plant performance were also detected in Cyperus iria and
Echinochloa colona. The pathway used by plants to
accumulate essential mineral is also used in accumulating
non-essential mineral that could be detrimental to plant
health. [9] report that the pathway used by plants to
accumulate essential minerals and metal also gives access to
non-metal. As metals cannot be broken down, when
concentrations within the plant exceed optimal levels, they
adversely affect the plant both directly and indirectly. Some
of the toxic effects caused by increase in metal concentration
include inhibition of cytoplasmic enzymes and damage to
cell structures due to oxidative stress [12]. Additionally, the
negative impact heavy metals have on the growth and
activities of soil microorganisms may also indirectly affect
the growth of plants. This can be achieved by a reduction in
the number of beneficial soil microorganisms due to high
metal concentration may leading to decrease in organic
matter decomposition leading to a decline in soil nutrients.
Reactive oxygen species activities useful for plant
metabolism may also be hindered due to heavy metal
interference with activities of soil microorganisms. The
uptake soil nutrients (essential and non-essential) take place
through the same mechanism in plant [9]. The anatomical

trait observed plant parts may possibly due to the toxicity
effects of heavy metals. The effect of heavy metal toxicity on
the growth of plants varies according to the particular heavy
metal involved in the process. The deterioration in vascular
bundles of plant species grown in NPK amendment and
control could be pointed to the stress effects. The stress was
caused by increase concentration of NPK together-with toxic
nature of heavy metals. This agrees with [2] who reported
that induced stress owing from heavy metals and NPK
fertilizer applied above the recommended doses possibly
could have altered the shape and size of vascular bundle. The
test plants grown in organic soil amendment showed a related
anatomical structure as those in double control. Furthermore,
result showed a loss of shape in shoots and roots of Cyperus
iria and Echinochloa colona grown in NPK amendment and
control. This variation observed is possible since heavy
metals have been known to induced stress in plant
biomolecules. This result is in line with [4] who reported that
stress induced by heavy metal is capable of damaging plant
biomolecules and could also cause a decrease in conducting
tissue.

5. Conclusion

The research tested the effects of NPK (20:20:20), powder
orange and plantain peels (waste) in addressing the pitfalls in
structural impact of heavy metals on plants. The studied plant
responded to amendments differently in terms of heavy
metals impact on plants plant anatomy. The concept behind
using orange peel and plantain peel (waste), was to increase
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the mineral content of soil, enhance plants growth
performance and tolerant ability of the test plants.
Conclusively, orange and plantain peel amendments were
able to cushion the negative impact of heavy metals on plant
anatomical structure.

References

[1] Ali, R. N., Malik, N and Abdul Q. (2013). Heavy metals
distribution and risk assessment in soils affected by tannery
effluents. Chem. Ecol., 29: 676-692.

[2] Alshaal, T., Domokos, E., Marton, L., Czako, M., Katai, J.,
Balogh, P., Elhawat, N., Ramady, H and Fari, M., (2013).
Phytoremediation of bauxite-derived red mud by giant reed
(Arundo donax L.). Environ Chem Lett. doi: 10.1007/s10311-
013-0406-6.

[3] Babagana, A. and Dungus, B (2015). Staff Remuneration and
the Performance of Ramat Polytechnic Maiduguri Students
from 1995 to 2011. European Journal of Research and
Reflection in Management Sciences, 3 (5) 1-10.

[4] Barnabas A. D. (1996) Aquatic Botany, 55, 217-225.

[S] Blaylock, M. J and Haung, J. W. (2000). Phytoextraction of
metals. In: Raskin and Ensley B. D (Eds), phytoremediation of
toxic metals using plants to clean up the environment. J. Wiley
and Sons, New York, USA, 53-70.

[6] Baker, A. J. M and Brooks, R. R (1989). Terrestrial higher
plants which hyperaccumulate metallic elements a review of
thier distribution, ecology and phytochemistry. Biorecovery. 1:
81-126.

[7] Castro, Antonio J., Caryn C. Vaughn, Jason P. Julian, and
Marina Garcia-Llorente, (2015). Social Demand for Ecosystem
Services and Implications for Watershed Management. Journal
of the American Water Resources Assosciation, 1-13.

[8] Clemens, S. (2006). Toxic metal accumulation, responses to
exposure and mechanisms of tolerance in plants. Biochimise,
88:1707-1719.

[9] Djingova, R and Kuleff, I (2000). Instrumental techniques for
trace analysis. In: Trace elements: Their distribution and
effects in the environment. Vernet, J. P. (eds) Elsevier Science
Ltd., United Kingdom, 146.

[10]

[11]

[12]

[18]

[19]

Garbisu, C and Alkorta, I (2001): Phytoextraction: a cost-
effective plant-based technology for the removal of metals
from the environment. — Bioresource Technology, T7; 229-
236.

Gisbert, E., Morais, S and Moyano, F. J (2013). Feeding and
digestion. In Larval fish aquaculture (ed. JG Kim), 73 — 123.
Nova Publishers, New York.

Jadia, D. C and Fulekar, M. H (2009). Phytoremediation of
heavy metals: Recent techniques. Afirican Journal of
Biotechnology, 8 (6) 921-928.

Maiti, R., Jana, D., Das, U. K and Ghosh, D. (2004).
Antidiabetieffect of aqueous extract of seed of Tamarindus
indicain streptozotocin-induced diabetic rats. Journal of
Ethnopharmacology Lausanne,. 92: 85-91.

McGrath, S. P., Zhao, F. J., Dunham, S. J., Crosland, A. T
and Coleman, K. (2001). Long term changes in the
extractability and bioavailability of zinc and cadmium after
sludge application. Journal of Environmental Quality, 29:
875-883.

Ola A., Dodd, I. C., Quinton, J. N (2015). Can we manipulate
root system architecture to control soil erosion? SOIL 1: 603-
612. DOI: 10.5194/s0ild-2-265-2015.

Oancea, A (2005). “Criticisms of educational research: key
topics and levels of analysis”, British Educational Research
Journal.

Osuji J. O, Bosa E. Okoli and Pat Heslop H (2006).
Cytology and Molecular Cytogenetics of Cucumeropsis
mannii Naudin: Implications for Breedings and Germplasm
Characterization. International Journal of Botany, 2 (2)
187-192.

Ramesh, S., Arumugam, T., Anandakumar, C. R,
Balakrishnan, S and Rajavel, D. S (2013). Use of Plant
Species in Controlling Environmental Pollution- A Review.
Bull. Env. Pharmacol. Life Sci 2 (2): 52-63.

Rout, B. K., Rout, S. K and Kar, D. M (2011). Mental health
challenges and possible solutions with special reference to
anxiety. International Research Journal of Pharmancy, 2 (9),
37-42.

Shanker, A. K., and Venkateswarlu, B (2005). Abiotic stress in
plants mechanisms and adaptation in Tech, Rijeka.



