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PREFACE 

 

The present work with entitled “COMPARATIVE STUDY ON 

MORPHOLOGY, ANATOMY AND MYCOFLORA OF Bambusa vulgaris 

FROM POLLUTED AND NON-POLLUTED SITES OF PUTHUR 

PANCHAYATH" was taken under during the period of January – March of 2021in the 

partial fulfilment of the requirements prescribed for the M. Sc. Degree in Botany of the 

University of Calicut. The research work was undertaken on a part time basis during IVth 

semester of the M. Sc. Degree course. The time prescribed for the dissertation was 7 hours 

per week during the IVth semester. The present work is an attempt towards updating and 

recording the comparison on morphology, anatomy and mycoflora of Bamboo vulgaris 

from polluted and non-polluted sites. 
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 COMPARATIVE STUDY ON MORPHOLOGY, ANATOMY 

AND MYCOFLORA OF Bambusa vulgaris FROM 

POLLUTED AND NON-POLLUTED SITES OF PUTHUR 

PANCHAYATH 

 
 

ABSTRACT 
 

 

 

Soil pollution is one of the serious problems faced globally today due to increased 

industrialization. Soil pollution has been described as an additional stress on plants since 

they respond to it in the same way as they respond to drought and any other environmental 

stress. This paper studied the effect of soil pollution and compare the morphological, 

anatomical characters of leaf stem, root of Bamboo vulgaris and Mycoflora analysis in the 

polluted site (Near to diesel engine) and non-polluted sites (100 Meters away from diesel 

engine). Results showed that plant species exhibited significant reduction at polluted site 

in their leaf length, width, area, anatomical parameters and in mycoflora compared with 

the same plant species at non-polluted site. All the anatomical parameters such as 

thickness of epidermis, cuticle and mesophyll tissue in leaf, epidermis, endodermis, 

cortex, vascular tissue in stem and root also decreased significantly in at polluted zone. 

From the analysis, it was concluded that these parameters are highly significant in 

understanding the plant-environment interactions and are used for developing of bio-

indicator groups. Thus, the sensitive and tolerant species can be used as bio indicators. 
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INTRODUCTION 

  

  Pollution is the introduction of harmful materials into the environment. These 

harmful materials are called pollutants. Pollutants can be natural, such as volcanic 

ash. They can also be created by human activity, such as trash or runoff produced 

by factories. Pollutants damage the quality of air, water, and land. Many things that are 

useful to people produce pollution. Burning coal to create electricity pollutes the air 

Industries and homes generate garbage and sewage that can pollute the land 

and water.  Pesticides chemical poisons used to kill weeds and insects seep into waterways 

and harm wildlife. When these resources are polluted, all forms of life 

are threatened.  Pollution is a global problem. Although urban areas are usually more 

polluted than the countryside, pollution can spread to remote places where no 

people live.  For example, pesticides and other chemicals have been found in the Antarctic 

ice sheet. In the middle of the northern Pacific Ocean, a huge collection of microscopic 

plastic particles forms what is known as the Great Pacific Garbage Patch. Air and water 

currents carry pollution. Ocean currents and migrating fish carry marine pollutants far 

and wide. Winds can pick up radioactive material accidentally released from a nuclear 

reactor and scatter it around the world .Smoke from a factory in one country drifts into 

another country different type of pollution present. They are air pollution, water pollution, 

land pollution. 

Land Pollution  

 Soil contamination or soil pollution as part of land degradation is caused by the 

presence of xenobiotics (human-made) chemicals or other alteration in the natural soil 

environment. It is typically caused by industrial activity, agricultural chemicals or improper 

disposal of waste. The most common chemicals involved are petroleum 

hydrocarbons, polynuclear aromatic hydrocarbons (such as naphthalene and benzo 

(a)pyrene), solvents, pesticides, lead, and other heavy metals. Contamination is correlated 

with the degree of industrialization and intensity of chemical substance.  
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Oil Spill Pollution 

Oil spills include any spill of crude oil or oil distilled products (e.g., gasoline, diesel 

fuels, jet fuels, kerosene, Stoddard solvent, hydraulic oils, and lubricating oils) that can 

pollute the surface of the land, air, and water environments. Oil spill pollution may comp-

rise a variety of amounts starting with one or more gallons of oil and up to millions or even 

hundreds of millions of gallons spilled. The term is usually associated with the oil spills in 

the ocean and coastal waters. Currently, the activities derived from the oil industry, such 

as extraction, transportation and processing of oil, have affected natural resources for 

decades, tropical lands have been contaminated by chronic oil spills, causing significant 

changes in physical and chemical characteristics of the soil, affecting plant development 

and reducing the growth of microorganisms. Moreover, oil Weathering and adaptation of 

some plants may hide the toxicity of high molecular weight hydrocarbons to other 

organisms. Oil pollution is a global problem of increasing importance is estimated that 

every year numerous spills affecting natural resources of Southeast Mexico.  

 Crude oil is a complex mixture of thousands of compounds that when released to the 

environment, is subjected to physical, chemical and biological processes called 

weatherability. This process includes adsorption, volatilization, dissolution, biodegra 

dation, photolysis, oxidation, and hydrolysis. The effects of weathering are difficult to 

predict because it depends on many biotic and abiotic factors. When an oil spill occurs, it 

covers the soil surface, but initially at high viscosity prevents penetration towards the 

subsoil. The oil is retained in the topsoil, during this phase, the light fraction is photo-

oxidized and volatilized through the soil pore space and transported to the atmosphere, in 

this process involves the first n-alkanes (methane, ethane, propane and butane), which are 

evaporated in less than 24 hours in tropical climates. The hydrocarbons which are not 

evaporated are incorporated into the soil to form a water proofing layer that prevents the 

normal flow of water. This layer or film affects the structure, porosity, and absorption and 

water penetration into the soil. Subsequently, the oil soluble fraction diffuses into the soil 

solution through infiltration. The behavior of this fraction in the soil depends on the type 

of texture.  
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The presence of fine texture allows the volatilization of some compounds (C5-C7), but 

when the texture is coarse, it can leach out and transport themselves to the groundwater, 

affecting other organisms, including the human. Otherwise, clay soils rich in organic matter 

immobilize some compounds, reducing their toxicity and decreasing its spread and 

leaching through the soil profile.  

The most stable fraction of crude oil is composed with more than 18 carbons 

(Polycyclic Aromatic Hydrocarbons [PAHs] and polar compounds), which are adhered on 

the soil matrix decreasing the solubility and volatility, and increasing the capacity of 

adsorption on the mineral and organic fractions, owing to the high content of active surface 

of the soil (clay 2:1) and to the high molecular weight hydrocarbons. At this stage, the 

development of bacteria and fungi have influence on mineralization as part of natural 

attenuation process, but it is not sufficient to remove all hydrocarbons. 

 Oil Spill Pollution refers to the negative polluting effects that oil spills have on the 

environments and living organisms, including humans, due to the environmental discharge 

of various organic compounds that make up crude oil and oil distillate products, the 

majority of which include various individual hydrocarbons. Hydrocarbons are made 

exclusively from carbon and hydrogen atoms which bind together in various ways, 

resulting in paraffins (or normal alkanes), isoparaffins (isoalkanes), aromatics (such as 

benzene or various PAHs), cycloalkanes and unsaturated alkanes (alkenes and alkynes). 

Other individual compounds that are present in crude oil and oil discharges include (apart 

from carbon and hydrogen) sulfur, nitrogen and/or oxygen atoms. Oil pollution might 

affect soil physical properties. Pore spaces might be clogged, which could reduce soil 

aeration and water infiltration and increase bulk density, subsequently affecting plant 

growth. Oils that are denser than water might reduce and restrict soil permeability. 
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Cleanup options 

Cleanup or environmental remediation is analyzed by environmental 

scientists  who utilize field measurement of soil chemicals and also apply computer 

models (GIS in Environmental Contamination) for analyzing transport and fate of soil 

chemicals. Various technologies have been developed for remediation of oil-contaminated 

soil and sediments. There are several principal strategies for remediation: 

 Excavate soil and take it to a disposal site away from ready pathways for human or 

sensitive ecosystem contact. This technique also applies to dredging of bay 

muds  containing toxins. 

 Aeration of soils at the contaminated site (with attendant risk of creating air pollution) 

 Thermal remediation by introduction of heat to raise subsurface temperatures                                                                                                                                                                         

sufficiency high to volatize chemical contaminants out of the soil for vapor extraction.  

 Bioremediation, involving microbial digestion of certain organic chemicals. Techni-

ques used in bioremediation include land farming, biostimulation  and  bioaugment-

ating soil biota with commercially available microflora. 

 Extraction of soil vapor with an active electromechanical system, with subsequent 

stripping of the contaminants from the extract. 

 Containment of the soil contaminants (such as by capping or paving over in place). 

 Phytoremediation, or using plants (such as willow) to extract heavy metals. 

 Mycoremediation, or using fungus to metabolize contaminants and accumulate 

heavy metals. 

 Remediation of oil contaminated sediments with self-collapsing air micro- bubbles.  

 Surfactant leaching 
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The Oil Pollution Act 

  The Oil Spill Pollution Act - The Oil Pollution Act is an environmental regulat-ion 

adopted in 1990 in the U.S. to prevent oil spill pollution. In 1990, the Oil Pollution Act 

was passed by U.S. Congress and amended the existing Clean Water Act, aiming to require 

oil storage facilities to prepare "Facility Response Plans". Various revisions to the Act have 

been made in 1994 by the EPA. The revised plan obliged facility owners and operators to 

prepare and submit plans addressing a "worst-case scenario" of oil discharge. This 

regulation was meant to prevent and prepare emergency responses to oil spills. The Oil 

Spill Pollution Act: Established new requirements and amended the U.S. Federal Water 

Pollution Control Act in order to provide enhanced capabilities for oil spill response and 

natural resource damage assessment; 

 required the Coast Guard to strengthen its regulations on oil tank vessels; 

 included the specification that companies must have a cleanup plan in order to prevent 

spills that may occur and a detailed containment; 

 Imposed liability for injuries, removal costs, and damages from incidents involving the 

discharge of oil into navigable waters or adjoining shorelines. 

Bambusa vulgaris, common bamboo, is an open-clump type bamboo species. It is native 

to Indochina and to the province of Yunnan in southern China, but it has been widely 

cultivated in many other places and has become naturalized in several regions. Among 

bamboo species, it is one of the largest and most easily recognized. Bambusa vulgaris 

forms moderately loose clumps and has no thorns It has lemon yellow  culms (stems) with 

green stripes and dark green leaves. Stems are not straight, not easy to split, inflexible, 

thick-walled, and initially strong. The densely tufted culms grow 10–20 m (30–70 ft) high 

and 4–10 cm (2–4 in) thick. Culms are basally straight or flexuose (bent alternately in 

different directions), drooping at the tips. Culm walls are slightly thick Nodes are slightly 

inflated. Internodes are 20–45 cm (7.9–17.7 in). Several branches develop from mid-culm 

nodes and above. Culm leaves are deciduous with dense pubescence.  Leaf blades are 

narrowly lanceolate. Flowering is not common, and there are no seeds. Fruits are rare due 

to low pollen viability caused by irregular meiosis.  
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At the interval of several decades, the whole population of an area blooms at once, and 

individual stems bear a large number of flowers.  Vegetation propagates through clump 

division, by rhizome, stem and branch cutting, layering, and marcotting. The easiest and 

most practised cultivation method is culm or branch cutting.  

 The average chemical composition is cellulose 41–44%, pentosans 21–

23%, lignin 26–28%, ash 1.7–1.9%, and silica 0.6–0.7%.The bambusoid taxa have long 

been considered the most "primitive" grasses, mostly because of the presence of bracts, 

indeterminate inflorescences, pseudo spikelet’s (units of inflorescence or flower clusters 

and glumes or leaf-like structures in woody bamboos that is similar to  spikelets or clumps 

of grass), and flowers with three lodicules (tiny scale-like structure at the bottom of 

a florets or clump of grass flowers, found between lemma, the lowest part of spikelets, and 

sexual organs of the flower), six stamens, and three stigmas. Bamboos are some of the 

fastest growing plants in the world. 

B. vulgaris is a species of the large genus Bambusa of the clumping bamboo 

tribe Bambuseae, which are found largely in tropical and subtropical areas of Asia, 

especially in the wet tropics. The pachymorph (sympodial or superposed in such a way as 

to imitate a simple axis) rhizome system of clumping bamboos expands horizontally by 

only a short distance each year. The shoots emerge in a tight or open habit (group), 

depending on the species common bamboo has open groups. Regardless of the degree of 

openness of each species' clumping habit, none of the clumpers are considered 

invasive. New culms can only form at the very tip of the rhizome. The Bambuseae are a 

group of perennial evergreens in subfamily Bambusoideae, characterized by having three 

stigmata and tree-like behavior,  that are in turn of the true grass family Poaceae. 

An endophyte is an endosymbiont, often a bacterium or fungus that lives with in 

a plant for at least part of its life cycle without causing apparent disease. Endophytes are 

ubiquitous and have been found in all species of plants. However, most of the 

endophyte/plant relationships are not well understood. Some endophytes may enhance host 

growth, nutrient acquisition and improve the plant's ability to tolerate abiotic stresses, such  
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as drought, salinity and decrease biotic stresses by enhancing plant resistance to insects, 

pathogens and herbivores. 

Endophytes were first described by the German botanist Johann Heinrich 

Friedrich Link in 1809. They were thought to be plant parasitic fungi and they were later 

termed as "microzymas" by the French scientist Béchamp. Endophytes may be transmitted 

either vertically (directly from parent to offspring) or horizontally (among individuals). 

Vertically transmitted fungal endophytes are typically considered clonal and transmit 

via fungal hyphae penetrating the embryo within the host's seeds, while reproduction of the 

fungi through asexual conidia or sexual spores leads to horizontal transmission, where 

endophytes may spread between plants in a population or community 

Most endophyte-plant relationships are still not well understood. Endophytes and 

plants often engage in mutualism, with endophytes primarily aiding in the health and 

survival of the host plant with issues such as pathogens and disease, water stress, heat 

stress, nutrient availability and poor soil quality, salinity, and herbivory. In exchange the 

endophyte receives carbon for energy from the plant host. Plant-microbe interactions are 

not strictly mutualistic, as endophytic fungi can potentially become or saprotrophs, usually 

when the plant in stressed. Endophytes may become active and reproduce under specific 

environmental conditions or when their host plants are stressed or begin to senesce, thereby 

limiting the amount of carbon provided to the endophyte. 

Endophytes may benefit host plants by preventing other pathogenic or parasitic 

organisms from colonizing them. Endophytes can extensively colonize plant tissues and 

competitively exclude other potential pathogens. Some fungal and bacterial endophytes 

have proven to increase plant growth and improve overall plant hardiness.  

Studies have shown that endophytic fungi grow in a very intimate interaction with 

their host plant cells. Fungal hyphae have been seen growing either flattened or wedged 

against plant cells. This growth pattern indicates that fungal hyphae are substantially 

attached to the plant host's cell wall, but do not invade plant cells. Endophytic fungal 

hyphae appear to grow at the same rate as their host leaves, within the intercellular spaces 

of the plant tissue.  
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there is evidence that plants and endophytes engage in communication with each other that 

can aid symbiosis. For example, plant chemical signals have been shown to activate gene 

expression in endophytes. One example of this plant-endosymbiont   interaction 

occursbetween dicotyledonous   plantsin the Convolvulaceae  and clavicipitaceous fungi. 

When the fungus is in the plant it synthesizes ergoline alkaloids at a higher rate, compar-

ed to when it is grown apart from the plant. This supports the hypothesis that plant signaling 

is required in order to induce expression of endophytic secondary metabolites. 

There are two major categories of endophytic fungi, balansiaceous (associated 

with grasses) and non-balansiaceous. These categories are further subdivided into four 

classes I-IV. The endophytic fungi in Class I produce chemicals that are toxic to animals, 

increase plant biomass and make plants drought resistant. Class II comprises rare species 

of mycorrhizal fungi that help plants tolerate habitat-related stress. A single plant may have 

hundreds of species of Class III endophytic fungi. This class colonizes only above-ground 

plant tissues and are found on deciduous trees, vascular and nonvascular plants, woody 

plants and herbaceous angiosperms. Class IV endophytic fungi live only on the roots of 

plants found in the arctic, Antarctic, alpine, subalpine and tropical ecosystems. The 

secondary metabolites from endophytic fungi lead the way as sources for new drugs and 

therapies. One of the earliest discoveries was penicillin isolated from the 

fungus Penicillium notatum in 1928.  

According to classical mycology, most species of endophytic fungi have been 

described based on their morphological features such as ascospore and peridium 

morphology, gleba colour, odour, and other organoleptic characteristics. However, these 

fungi were difficult to identify at the species level. 

Documentation  of  the  endophyte  and  its association  with  the  bamboo  as  a  

host  has been  undermined.  Very  negligible  research has  been  reported  to  study  the 

relationship between the  endophytic  fungi and the bamboo species. The bamboo, 

belonging to the family of  grass,  Poaceae,  lacks  the  biosynthetic capacity  to synthesize 
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the  secondary metabolites  compared  to the  dicotyledonous plants,  which  are  useful in  

the  long-term survival strategy of each species. This lack of secondary  metabolites'   

production,  however, is  accounted  by  notorious  microorganisms living  in  a  cohabitate  

condition  with  the grasses.   This  association  of  grasses  with microorganisms, including 

fungal endophytes, is  abundant  and  is  vital  to  maintain  the grasses'  ecological  fitness  

and  the  species diversity (Kuldau et al., 2008) 

 

More than 1100 species  of  bambusicolous fungi are  recorded, including  the 

endophytic fungi with very limited known from bamboo seeds. Until recently,  the  

transmission  of endophytic fungi in bamboo is described to be non-systemic  and  

horizontally  transmitted. Even then,  systemic  and  the  vertically transmitted endophytes 

cannot be ruled out in bamboos  because they  are commonly  found in  other  grasses  

(Saikkonen  et  al.,  2004, 2007).   

  

Compared to  the other perennial grasses, the fast growth,  age of the  sexual 

maturity, and similarity  of  the  bamboo  offer  a significantly  minimized  systemic  growth 

opportunities  for  the  endophytic  fungi (Saikkonen et  al., 2004).  The statement was 

further supported by Helander   et al., (2013), stating that the endophytes are found only 

in the  local  horizontal  transmission  colonizing their bamboo samples. Diversity of 

endophytic fungi in bamboo  

 

The diverse range of the bamboo species in an ecosystem ranging from  the  

temperate evergreen  valleys  to  the  high  mountains presumably  vary  in its  endophytic 

colonization,  which  is  primarily  defined  by the host plant's altitude and environment. 

The current  statement  was  supported  by Doungporn  et  al.,  (2006)  

 

Hyde  et  al.,  (2002)  recorded  about  500 species  of  bamboo  endophyte  in  

Asia,  of which  38%  were recorded  only from  Japan. All  the  data  related  to  the  fungi  

associated with the bamboo have been recorded by Hino and  Katumoto  (1961).  

Doungporn  et  al., (2006) isolated  some more  endophytic fungi that were not recorded 

by Hino and Katumoto in (1961).   
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A list of new fungi species isolated were Peziza, Diaporthe, Sordaria, Alternaria, 

and  Microdochium.  Much  of  the  research work  had  been  done  on  the  calvicipitalean 

endophytes  (Clay,  1990),  and  a  new  genus Heteroepichloe  was  included  by  Tanaka 

et al., (2002).  

  

The endophytic fungi associated with bamboo mostly  belong to  the  phylum 

Ascomycotina and are primarily categorized under the class Dothideomycetes and 

Sordariomycetes.  Both Morakotkarn  et  al.,  (2007)  and  Shen et  al., (2012) supported 

that most of the endophytic fungi from the tissues of bamboos have been identified  from  

the  class  Dothideomycetes and  Sordariomycetes.  Similar  findings  were reported  by  

Shen  et  al.,  (2014),  while attempting  to  isolate  the  endophytic  fungifrom the  Moso 

bamboo seeds based on their ITS  region.  They  were  able  to  isolate  350 fungal isolates 

distributed in 69 morphotypes based  on  the  cultural  characteristics  and obtained  at  least  

ten  genera  from Dothideomycetes,  seven  genera  under Sordariomycetes, and two and 

one genera in Agaricomycetes  and  Eurotiomycetes, respectively. Further, the sequence 

alignment depicted  that  the  isolates  belonged  to  the phylum  Ascomycota  (343  isolates)  

and Basidiomycota (7  isolates) with  colonization frequency  of 98.0%  and  2.0%,  

respectively. In their study, they also reported some genera like Cladosporium, Phoma, and 

Curvularia as endophytes  for  the  first  time,  which  have previously been  considered as  

pathogens for some bamboospecies and its seeds, excluding Moso bamboo (Mohanan, 

1997). Other genus including  Leptosphaerulina  (1.71%), Simplicillium (0.57%), Sebacina 

(1.71%), and an  undetermined  genus  (2.86)  were  also  a new addition as bambusicolous  

fungi, which were previously considered as the  pathogens (Chen  et  al.,  2008;  Kharkwal  

et  al.,  2007; Thal et al., 1986).   

  

Recent  studies  have  unveiled  several  new species of Endophytes in Bamboo. 

Khan  and  Uniyal  (1999) isolated  and  recorded  Ambispora,  a  dark septate  fungus,  for  

the  first  time  from  the bamboo species, the Dark septate endophytes (DSE) mainly 

comprise of a variety of root-inhabiting group of fungi. The DSE as sterile fungi  belonging  

to  the  phylum  Ascomycota colonize the living plant roots without causing any apparent 

adverse effects (Jumpponen and Trappe, 1998).  
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Recently, Parkash and his coworker in 2019 investigated on diversity and 

distribution of  endomychorriza and  the DSE on  bamboo  species,  Bambusa  bamboos,  

B. tulda,  B.  pallida  and  B.  nutans  of  Assam India. They have observed 100% 

colonization of  ectomycorrhiza  and  infection  of  hyphal DSE in the roots of all the 

bamboo species.  Significance of the bamboo endophytes  

  

 

The  importance  of  the  endophytic  fungi associated  with  the  bamboo  as  a  

source  of novel  bioactive  products  in  the  agriculture and the food industry has already 

been proven and  established  (Verma  et  al.,  2009; Gunatilaka, 2006; Strobel et al., 2004).  

 

In  conclusion  research  on  endophytic  fungi and  its  association with  the 

bamboo  species has  been  minimal.  Until  recently,  their investigation  had  been  taken  

into consideration  in  only  some  parts  of  Asia. There has  been negligible literature 

recorded so  far  in  the  Eastern  Himalaya,  especially from Arunachal Pradesh. The 

bamboo plays a central  role in  the  lifestyle  among  the  rural folk  of  the  state,  from  

construction  to medicine to their local cuisine, and mostly in the wild condition. Arunachal 

Pradesh, one of the  world's  biodiversity  hotspots  with  about 80%  of  the  state's  total  

area  under  forest cover,  will  provide  a  vast  potential  for  the documentation of the 

endophytic fungi based on  the  region  of  the  collection  of  the  host plant.  The  bamboo  

is an  essential  plant, intertwining with  indigenous folk,  indicating the  opportunity  

to  find  new  strains  of endophytic fungi and as  potential sources  of novel  natural  

products.  The  detailed understanding of the diversity of endophytes on  bamboo  species  

will  help  to  chart  and document the primary data,  fill  the gap,  and establish  future  

research.  Furthermore,  the microorganisms may be  screened for a  wide range of 

biological activities and explored for useful  chemical  entities  produced continuously by 

them, including antimicrobial and  extracellular  enzymatic  activities.  Thus, an  extensive  

study  on  endophytic  fungal diversity  from  diverse  bamboo  species  and also the in-

depth research on their secondary metabolites is crucial. 
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REVIEW OF LITERATURE 

  
 Dietger Grosser and Walter Liese (1971) said that, a comparative histological 

investigat-ion of 52 bamboo species from 14 genera, collected in seven Asian countries, 

was carried out; 1200 internodes from 250 culms were examined there in. The anatomical 

structure of the culms is characterized exclusively by the collateral vascular bundles 

embedded in parenchymatous ground tissue which exhibits four basic types. A 

classification system was devised for these vascular bundle types and their combinations 

within the culm; it was found to correlate well with the system of HOLTTUM based on the 

structure of the ovary. A comprehensive description of the marked variability of the 

vascular bundle structure within one culm and between culms of a single species is given. 

The implicat-ions of such a representative description of a singles pecies and the 

introduction of an identification key are discussed.  

 

C. L Lee et al (1960) said that, A comparative study of twelve species of bamboos belong-

ing to 9 genera (12 species): Phyllostachys pubescens Mazel, Ph. bambusoides Sieb. And 

Zucc., Ph. nigra var. Henonis (Mitf.) Stapf., Brachystachyum densiflorum (Rendle) Keng 

,Chimonobambusa quadrangularis (Fenzi) Makino, Pseudosasa japonica (Sieb. & Zucc.) 

Makino, Shibataea chinensis Nakai, lndocalamus Migoi (Na- kai) Keng 

f., Pleioblastus amarus (Keng) Keng f., Sinocalamus Oldhami (Munro) McClure 

Bambusa multiplex (Lour.) Raeuschel, and B. multiplex var. nana (Roxb.) Keng f., has 

been under-taken. In view of the middle portion of the bamboo culm which is structurally 

quite different from the basal portion, and more or less similar to the terminal part, it has 

been selected for study. Their external morphology and internal structures are briefly 

described. The 12 species are grouped under 9 types in accord with their configurations 

and structures of the vascular bundles. Subsequently, an anatomical classification of the 12 

species and a key to such are proposed. A conspicuous correlation of the difference in 

internal structures with the growth habits of the tufted and scattered types is also discussed.  
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 H. Eijsacker (1983) said that, Research on biological indicators of soil pollution is 

hampered by soil variability and temporal and spatial fluctuations of numbers of soil 

animals. These characters on the other hand promote a high biological diversity in the soil. 

A high diversity combined with persistent soil pollutants increases the chance to select 

good indicators. However research on these topics is still limited. Examples of specific 

indicat-ors are the changed arthropod species patterns due to pesticide influence and the 

changed soil enzyme activity under the influence of specific heavy metals. Another 

approach is to look for organisms that give a general indication of soil pollution. In this 

respect the earth worm species Allolobophora caliginosa proved to be sensitive for 

different types of manure especially pig manure with copper, for sewage sludge, for 

municipal waste compost and for fly ash. A third way of indication is by organisms 

accumulating pollut-ants. For some heavy metals (Cd, Zn), earthworms are very efficient 

accumulators. More research is needed especially on the specific relation between 

biological responses and abiotic soil characteristics.  

  

 E. A Widjaja et al (1985) said that, after detailing the general importance of bamboos 

in the Asia Pacific Region the occurrence and importance of bamboos in 

different contries are discussed. Assessment of bamboos is made only in such countries 

where pulp and paper mills are established and one recent example is cited. The bamboos 

in the villuges of Bangladesh has been assessed. In view of the likelihood of gregarious 

flowering of bamboo and death of clumps, whether a total country wise assessment of 

bamboos is necessary and would be useful is an aspect to be considered. Assessment of 

bamboo resources in the rural sector is, however, desirable as bamboos form cm important 

component in the rural sector for establishment of cottage and rural industries. Further 

recommendations are made to enrich bamboo plantations and resources.  

 

 AL Mohmod et al (1992) said that, this paper discusses the physical, mechanical 

and anatomical characteristics of one-to three-year-old Bambusa blumeana. The physical  
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and mechanical properties such as moisture content, shrinkage, shear and static bending 

were correlated to the anatomical characteristics. Density and shrinkage, but not moisture 

content, were significantly correlated to radial/tangential ratio of vascular bundles. Exce-

pt for the modulus of rupture, all the mechanical properties increased with age, height, 

density, frequency of vascular bundles and fibre wall thickness.  

 

 S. Park et al (1994) said that, 1994 said tha Tropical bamboo species, which have a 

very rapid growth rate, are considered as a promising non-timber forest product capable of 

exhibiting new functionality by carbonization technology. This study was conducted to 

compare the characteristics of carbonized bamboos from Andong (G. pseuudoarundin- 

acea (Steudel) Widjaja), Hitam (G. atrovialacea), Tali (G. apus), Kuning (B. vulgaris Var. 

striata (Lodd. Ex Lindl)), and Ampel (B. vulgaris Scharad. ex Wendland), and Betung (D. 

asper). Each bamboo was carbonized at 200, 400, 600, 800, and 1,000 °C, respectively, 

and their physical and anatomical characteristics were investigated. The result showed that 

the volume and weight of carbonized bamboo decreased with increasing carbonizat-ion 

temperature and showed the substantial changes of volume and weight between 200 and 

400 °C. The highest and the lowest density of carbonized samples were found in Ampel 

bamboo and Betung bamboo, respectively. The density of all carbonized bamboos tended 

to decrease after carbonization at 200 and 400 °C and relatively become constant 

afterwards. The carbonized bamboo prepared at 800 and 1,000 °C showed better refining 

degree. The results of the anatomical observation showed that the vascular diameter of 

carbonized bamboo decreased with increasing carbonization temperature, and the shrin-

kage in radial and tangential direction showed similar tendency. Statistical analysis showed 

that there was significant correlation between physical contraction and anatomical 

contraction. 
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 Based on the results of this study, comprehensive data about Indonesian bamboo charcoals 

could be obtained and it will be useful for future application studies.  

 

       Zhou Jian et al (1994) said that, Very little is known about branching in bamboos from 

a morphological and physiological point of view. Up to now many problems still have not 

been settled satisfactorily. But pattern of branch presents very useful diagnostic charact-

ers of generic validity. The authors of this paper collected bamboo shoots from three 

species on Pseudosasa  japonica(with one branch), Phyllostachys  aureosulcata   specta-

bilis(with two two branches)and Semiarundinaria densiflora(with three to multi-branches) 

and made researches on development study of branching on node by means of light and 

scanning electron microscopy. It was found that all of axillary buds on node are produced 

one produced one axillary bud and consisted of one axillary bud and its several secondary 

axillary buds and all of lateral branches on node are also developed from one axillary bud 

separately and consisted of one lateral branch and its several secondary lateral branches. 

The growth habit on bamboo plays a significant role in formation of type of branching. 

Because the elongation of lower nodes on lateral branch is limited and the growth of 

secondary axillary bud is fast, it is dilemma to diagnose the origin of bud and branch on 

node 

 

 D. Yu-Long et al (1995) said that, The anatomy of the rhizomes of 41 species of 

pachymorph bamboo was studied. The anatomical structure of the vascular bundles 

in pachymorph bamboo rhizomes are completely different from those in 

the leptomorph bamboo rhizomes or culm internodes. The xylem normally consists of only 

one metaxylem vessel. Protoxylem is absent or only faintly developed. Contrary to 

the pachymorph culms and similar to the leptomorph culm necks, there is no isolated fibre 

strand above or beneath the vascular bundles. Hence, the culm neck -which includes culm 

stalk and culm base -is used here to describe the subterranean part of pachymorph bamboo 

axes. Based on the main anatomical features, two basic types and four sub-types can be 

identified. The two basic types are more valuable than the four subtypes in taxonomic 

terms.  
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 A. Amadi et al (1996) said that, Soil and microbiological properties of a tropical rain 

forest soil were evaluated 17 years after oil spillage to access the chronic effects of, and 

inter-relationship between population of petroleum hydrocarbon utilizing and nitrifying 

micro-organisms. The spatial distribution of petroleum hydrocarbons (oil), the nutrient 

status and the abundance of heterotrophic microbes along soil transect lines in the 

contaminated zones served as the index for corroborating the results. The pH status of soil 

in the contaminated (Heavy impact HI, and moderate inpact MI) zones varied from acidic, 

that is 4.0 to near neutral PH, that is 6.0. The C content of soils decreased from 3.6% at the 

HI zones to 2.84% at the MI zones. Total N in the HI and MI zones differed by a factor of 

0.10%. Available P was higher at the MI than HI zone, while CEC decreased from a 

combined mean of 6.48 at the HI zones to 4.46 at the MI zones. Although residual oil 

content was higher in the HI zones than MI zone, the soil nutrient status within these two 

zones did not vary significantly (P=0.05). However, soil microbes responded differently. 

For instance, petroleum hydrocarbon utilizers correlated positively with the distribution of 

oil in the environment. But, not the nitrifying microorganisms. Aerobic nitrifiers were 

abundant at the HI than MI zones, while anaerobic nitrifiers were higher at the MI than HI 

zones. With the presence of petroleum hydrocarbon utilizers anf nitrifying microbes. It is 

possible to enhance the degradation of oil in the 17 yr old spillage by adopting 

bioremediation.  

 

 W. Haiqing et al (1997) said that, Rhizome is one of the important organs and 

vegetative propagation organ of bamboo, and also one of the important charateristic of 

bamboo classification. Based on the comparative anatomical studies on rhizome, the author 

found that there were three anatomical structure type: Bambusoides, Nigra and Hetero-

clada. According to those it is suggested to establish two new subsects, in Phyllostachys: 

one is Nigrae and the other is Phyllostachys, in addition to the morphological features of 

the reproductive and vegetative organs. 

 

 

 

17 

https://scholar.google.com/citations?user=HQdXdEMAAAAJ&hl=en&oi=sra


  

 

 

          

 Jan Kucharski ,   Jadwiga Wyszkowska  (2001) said that, In the pot experiment the 

effects of contamination of diesel oil of proper brown soil developed from light loamy sand 

on microorganisms abundance and activity of soil enzymes were studied. Diesel oil was 

applied at the following rates: 0, 2, 4 and 6 cm3 kg-1 of the soil. Trial was performed in 

two experimental series: amended or not amended with straw. It was found that soil 

pollution with oil stimulated development of Azotobacer sp. copiotrophic and ammonifiers 

bacteria; whereas inhibited fungi proliferation, dehydrogenases and urease activities and 

did not affect actinomycetes number. Diesel oil addition to the soil reduced positive effects 

of straw on microbiological and biochemical soil properties. Oil pollution adversely 

affected growth and development of triticale. Straw amendment dim-inished level of oil 

toxicity to triticale.  

  

           Hyde et al (2002) said that, more than 1100 species of fungi have been described or 

recorded world-wide from bamboo and include ca. 630 ascomycetes, 150 basidiomycetes 

and 330 mitosporic taxa (100 coelomycetes and 230 hyphomycetes). Most taxa have been 

recorded from Asia, with relatively fewer known from India and South America. The 

bamboo genera Bambusa, Phyllostachys, Sasa, and Arundinaria are rich sources of fungi 

yielding 253, 178, 84, and 82 species, respectively. Most species are saprobes found on 

decaying culms, although pathogens and endophytes have also been recorded. The most 

common families of ascomycetes on bamboo are the Hypocreaceae, Phyllachoraceae and 

Xylariaceae,represented by the common genera Nectria Phyllachora And Hypoxylon  

respectively. The most well represented genera of hyphomycetes on bamboo are Acrodi-

ctys, Coniosporium, Periconia, Podosporium and Sporidesmium. Suggestions for future 

work on bamboo fungi are made.  

 

 Zhou, D.Q et al (2002) said that, fungal succession on Bambusa tuldoides has been 

studied in Hong Kong. Fungal communities changed over time during the decay process. 

Based on sporulation of fungi, the fungal communities on bamboo baits can be category-

ized into early colonisers, middle-stage colonisers, later colonisers, regular inhabitants and  
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sporadic inhabitants. Fungal communities on naturally dead bamboo and baits comprised 

rare species and mainly middle-stage colonisers. Seasonality had an effect, as more fungi 

were present during the wet season. Rainfall positively impacted on fungal occurrence, but 

temp-erature and relative humidity appeared to have little influence. Anthostomella species 

are regular inhabitants of bamboo, being dominant throughout the observation period and 

probably play a dominant role in its decomposition.  

 

 G.O Adesina et al (2004) said that, the effect of crude oil pollution on heavy metal 

conte-nt in the soil, microbial population, and growth performance of maize and cowpea 

was investigated. The heavy metals determined were lead, cadmium, iron, nickel, zinc and 

copper. Microbial population and growth performance of maize and cowpea in both 

polluted and unpolluted soils samples were evaluated. Results showed that higher conce-

ntration of heavy metals was observed in all crops planted in polluted soil, polluted site 

vegetation and soils. The total heterotrophic bacteria was 89% lower in the polluted soil 

than in the unpolluted soil while fungi was 78% lower in the polluted soil when compar-

ed to the unpolluted soil. However, hydrocarbon utilizing bacteria and fungi was 22% and 

24% higher in the polluted soil than in the unpolluted soil respectively. Maize and Cowpea 

performed poorly in polluted soil when compared with unpolluted soil as evid-enced in the 

growth parameters measured for both crops.  

 

 L. I Svarovskaya, L. K Altunina (2005) said that, the influence of oil pollution on the 

oxidative activity of soil microflora. during the degradation of hydrocarbons was experi-

mentally studied. An oil concentration in the soil below 5% stimulates the growth and 

activity of the soil biocenosis. Significant changes in the molecular-weight distribution of 

saturated hydrocarbons C-9-C-32 are shown by a chromatographic analysis of samples of 

the residual oil after a 60-day contact with the soil microflora. The introduction of a stim-

ulating nutrient substrate enhances the biochemical activity of the microorganisms. The 

destruction of normal alkanes and isoprenanes of the oil in the soil is 80 to 95% after 60 

days of contact with the activated microflora. n-Alkanes C-9-C-15 and C-20-C-31 under- 
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go the most degradation. Soil pollution with oil in a concentration of 10% exerts a 

suppressive effect on the aboriginal microflora, and hydrocarbon-oxidation processes are 

insignificant.  

 

 M.T.M Razak Wahab et al (2006) said that, the physical, anatomical and strength 

propert-ies of 3-year-old cultivated tropical bamboo Gigantochloa scortechinii was 

studied. Five (5) culms of the bamboo were selected and harvested from 

the Bambusetum plot located in the Forest Research Institute Malaysia in Kepong. The 

anatomical study focussed on the vascular bundles and fibres located at the internodes and 

nodes No. 8 at the outer, middle and inner cross section of the bamboo. The sizes of the 

vascular bundle’s length, vascular bundles 

width, fiber length, fiber diameter, fiber lumens diameter, fiber walls thicknes s 

and fiber Runkle’s ratio were measured in relation to the sample’s positions at the 

internodes, nodes, and pos itions in the cross-section of the bamboo culms. The physical 

study gi ves emphasis on the moisture content, basic density and dimensional stability. The 

strength properties study focused on the tension parallel to the grain and shear test. Both 

the physical and strength study were conducted at internodes and nodes No. 8 of the 

bamboo.  

 

 Doungporn Morakotkarn et al (2007) said that, Bamboos are common and useful 

plants in Japan but little information is available about their endophytes. In this study, 257 

fungal strains were isolated from bamboo tissues, and 71 representative strains were 

characterized by 18S rRNA gene and internal transcriber spacer region sequence analysis. 

Phylogenetic analysis showed that the fungal isolates were located in Sordariomycetes and 

Dothideomycetes. Xylariales was the dominant group within bamboos. Several rRNA gene 

sequences were not similar to any current sequence in the database and might be a novel 

species or genera that could represent sources of novel biological compounds. These 

findings reveal that bamboos are a huge reservoir of microorganisms that should be 

extensively investigated.  
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         Eiji Tanaka et al., (2008) said that, A basidiomycetous anamorphic yeast-like fungus, 

isolated from new bamboo shoots collected in Japan, was assigned to Meira argovae by 

comparison of conidial morphology, physiological characteristics, rDNA sequences, and 

DNA–DNA relatedness with the ex-type strains of Meira species. This is the first record 

of the finding of M. argovae from other than mite cadavers and in regions other than Israel. 

Phylogenetic analysis based on the D1–D2 domain demonstrated that Meira species 

and teleomorphic Dicellomyces species, which include a bamboo leaf parasite 

D. gloeosporus, formed sister clades.  

 

 E.Tanaka (2009) said that, the endophytic fungus aciculosporium take (Ascomy- 

cota;  Clavicipitaceae) causes continuous shoot growth in bamboo. The colonized shoot 

event-ually results in witches’ broom formation but maintains normal leaf arrangement and 

branching pattern. To analyze the mechanism of well-regulated symptom devolepme-nt , 

the location of the fungal endophytic hyphae in host tissues was visualized. A colori-metric 

in situ hybridization technique using a species-specific oligonucleotide probe targ-eting the 

18S rRNA of A. take was used. In situ hybridization was performed on tissue sections of 

diseased shoots with or without external signs of fungal colonization. Specific signals were 

detected in intercellular spaces of the bamboo tissues. Most signals were detected in the 

shoot apical meristem and the leaf primordia. In addition, fewer signals were detected in 

the lateral buds, juvenile leaves, and stems. These results indicate that A. take grows 

endophytically, particularly in the shoot apical meristem of the host. The loca-tion of A. 

take hyphae suggests that the mechanism of symptom development can be explained by 

the action of exogenous fungal auxin, which continuously induces primor-dium initiation 

within the host.  

 

 O. Obire, E. C Anyanwu (2009) said that, the effect of various concentrations of 

crude oil on fungal populations of soil was investigated for a period of 18 weeks using 

standard methods. Total fungal counts ranged from 26 to 143 χ 102 cfu/gsoil while counts 

of petroleum-utilizing fungi ranged from 2 to 102 χ 102 cfu/g soil. Analysis of variance and 

randomized complete block design of counts of total fungi and petroleum-utilizers  
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showed high significant difference between the control and the oil treated soils at p⋜ 0.05 

level. Counts of petroleum-utilizers expressed as a percentage of the corresponding total 

fungal count of the soils ranged from 4.7 % to 58.8 %. Species of fourteen fungal genera 

were isolated from the soils. These include Alternaria, Aspergillus, Candida, Cephalo-

sporium, Cladosporium, Fusarium, Geotrichum, Mucor, Penicillium, Rhizopus, Rhodotol

ura, Saccharomyces, Torulopsis and Trichoderma. Of these, ten were petroleum-utilizers 

and were all isolated from the control and 1 % oil treated soils. Only seven genera were 

isolated from the 5 % oil treated soil out of which five genera were petroleum-utilizers in 

both the 3 % and 5 % treatment. The decreasing order of occurrence of a variety of fungal 

genera (fungal diversity) of both total fungi and petroleum-utilizers is 0 % (control) > 0.5 

% > 1 % > 3 % > 5 %. This order of fungal diversity is a reverse of the decreasing order of 

fungal counts of these same soils. This showed that higher concentrations of crude oil 

has adverse effect on fungal diversity while enhancing the population of a fewer fungi.  

 

 Roohani Pal  et al (2009) said that,Study on ten species of  genus Dendrocala-

mus  Nees was undertaken to assess the diagnostic value of the anatomical features of leaf 

cross-sections. The various anatomical features observed include: shape of the leaf blade, 

structure of midrib, presence or absence of adaxial and abaxial girders of sclerenc-

hyma  opposite the vascular bundles, number of bundle sheaths, presence and arrange-ment 

of bulliform cells, structure and arrangement of mesophyll tissue, presence and 

arrangement of fusoid cells and colourless cells in the mesophyll. The variations in these 

features have been found useful in the formulation of an artificial key for the identifica-

tion of various species of the genus Dendrocalamus.  

 

 Zhang LingFeng et al (2009) said that,A study on the impact of different slope on the 

main anatomical characteristics and the relationship between them and the physical 

and mechanical properties Arvind Kumar Sharma et al (2011) said that, Due to scarcity of  
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cellulosic wood fibers five bamboo species, namely B. tulda, D. hamiltonii, B. balcooa, 

M. baccifera, and B.  Arundinacea, and two eucalyptus species, namely E. tereticornis and 

E. grandis, were grown under North Indian climatic conditions in order to 

sustain fiber supply through social forestry. After four years of cultivation, these cellulosic 

raw materials were evalu-ated for anatomical structures, fibre dimensions, chemical 

characterization, and pulp and paper making characteristics. B. balcooa and 

M. baccifera contained higher holocellulose and α-cellulose contents compared to other 

bamboo species and lower ash contents, indi-cating that they are likely to pose less problem 

during chemical recovery. E. grandis contained higher holocellulose, α-cellulose, and 

lower lignin contents than that of E. Tereticornis. Morphologically, bamboo species did 

not show much difference in fiber dimensions and their derived values. E. grandis showed 

problems of kink and curl due to longer fiber length than E. tereticornis. Based on pulp 

yield, brightness, and pulp visco-sity B. balcooa, M. baccifera and E. grandis are better 

options for social forestry among other species.  

 

      Irshad ul Haq Bhat et al (2011) said that,this paper presents spectroscopic, thermal, and 

morphological properties of two bamboo species viz. Gigantochloa brang  and  Giganto-

chloa wrayi. The nature of cell wall structure and distribution of vascular bundles in 

G. brang and G. wrayi were studied by scanning electron microscopy and transmission 

electron microscopy techniques. Gigantochloa spp. at various positions and locations 

showed identical thermal stability and are stable up to 200 °C. The decomposition of 

cellulose and hemicelluloses component of the culm occurred between 220 °C and 390 °C, 

while the degradation of lignin takes place above 400 °C.  

 

 J. F Villareal et al (2011) said that,The morphological, anatomical, and physical 

properties of Guadua angustifolia Kunt. grown at Mount Makiling Forest Reserve 

(MMFR), Los Baños, Laguna, Philippines was determined to gather benchmark data about 

these prope-rties and evaluate its suitability for different uses.  
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Towards the top portion, morphological properties like culm diameter and culm wall 

thickness significantly decreased with an average value of 7.06 cm and 10.49 mm, 

respectively, while internode length with an average value of 29.66 cm increased. 

Anatomically, fiber length, fiber diameter, and cell wall thickness significantly decreased 

from bottom to top with an average value of 2.53 mm, 21.87 µm, and 9.53 µm, respectively, 

while vascular bundles frequency and lumen diameter with an average value of 1.83 mm2 

and 2.87 µm, respectively, and deviated from this trend. Average moisture content 

(81.82%), radial (18.37%), tangential (8.33%), and volumetric (25.49%) shrinkage values 

were recorded and these properties were observed to exhibit a decreasing trend from 

bottom to top while relative density (0.63) and longitudinal shrinkage (0.28%) increased. 

Significant relationships between different properties were observed in this study. The 

majority of anatomical and physical proper-ties were found to be positively correlated with 

culm wall thickness and culm diameter but negatively correlated with internode length. 

Moreover, except for lumen diameter, relative density was significantly correlated with all 

morphological and anatomical properties. Most of the physical properties (moisture 

content, radial, tangential, and volumetric shrinkage values) appeared to have a negative 

relationship with vascular bundles frequency. Results signified that paper made from G. 

angustifolia will have high tear resistance but would be less suitable in terms of beating 

process compared to other economically important bamboo varieties in the Philippines. 

This bamboo can also be used for building construction and engineered bamboo products 

based on the values gathered in the study.  

 

 Jae-Jin Kim et al (2011) said that, illogical deterioration is the most important issue 

facing the use of bamboo as a bioresource. To identify the fungi responsible for bamboo 

degradation, isolates were obtained from three decaying bamboo species and evaluated. A 

total of 16 genera and 18 species of fungi were isolated and identified. The major fungi 

causing serious damage are Trametes versicolor and Arthrinium arundinis, which caused 

the largest weight losses in tests, of approximately 21.6% and 17.9%, respectively. This 

investigation confirms that the natural durability of bamboo in outdoor utilization is low.  
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 J. J Kim et al (2011) said that, biological deterioration is the most important issue 

facing the use of bamboo as a bioresource. To identify the fungi responsible for bamboo 

Degradation, isolates were obtained from three decaying bamboo species and evaluated. a 

total of 16 genera and 18 species of fungi were isolated and identified. The major fungi 

causing serious damage are Trametes versicolor and Arthrinium arundinis, which caused 

the largest weight losses in tests, of approximately 21.6% and 17.9%, respectively. This 

investigation confirms that the natural durability of bamboo in outdoor utilization is low.  

 

         R. Wahab et al (2011) said that, Anatomical and microstructure studies on four of 

cultivated tropical bamboo species of genus Gigantochloa were studied.  Gigantochloa, 

G. Levis, G. scotechinii and G. wrayi of age-group 3 were selected, harvested and proce-

ssed for use in the studies. The studies focussed mainly on the vascular bundles and 

fibers located at the internodes and nodes at the outer, middle and inner sections of the 

bamboo culm wall. The sizes of the vascular bundle’s length, vascular bundles width, 

fiber length, fiber diameter, fiber lumens diameter, fiber walls thickness and fiber 

Runkle’s ratio were measured between each of the species in relation to the sample’s 

positions at the internodes, nodes, and positions in the crosssection of the bamboo culms. 

The results in the fibers morphology studies showed that the fibers for each species have 

different lengths, diameters, cell walls thickness and lumen sizes. The size of vascular 

bundle is smaller at outer position and becomes bigger at the inner position. All the four 

(4) bamboo species exhibited similar in characteristics but their anatomical features and 

microstructures were different.  

 

 M.T Mustafa et al., (2011) said that, anatomical properties and microstructure 

features of four (4) cultivated species of popular tropical bamboo genus were 

studied.  Gigantochloa brang, g. levis, g. scotechini, ans g. wrayi of age-group 3 were 

selected, harvested and processed for the anatomical and microstructure studies. The 

studies focussed mainly on the vascular bundles and fiber cells located at the internodes 

and nodes 8 at the outer, middle and inner layers of the bamboo. 
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The sizes of the vascular bundles length, vascular bundles width fiber length,fiber  

diameter, fiber lumens diameter, fiber walls thickness and fiber Runkle’s ratio were 

measured between each of the species in relation to the samples positions at the internodes, 

nodes, and positions in the crosssection   of the bambooculms. The results in the fibre mor- 

phology studies showed that the fibers for each species has different lengths, diameters, 

cell walls thickness and lumen sizes. The size of vascular bundle is smaller at outer position 

and become bigger at the inner posit-ion. All the four (4) bamboo species exhibited similar 

in characteristics but having different sizes in anatomy and microstructure features.  

 

 C. Guerreiro et al (2012) said that, Chusquea (Poaceae, Bambusoideae, Bambuseae) 

is the most diverse genus of woody bamboos in the world. In Andean Patagonian forests 

of southern Argentina and Chile, several species of Chusquea are the dominant compone-

nts of the understory. Chusquea argentina and C. culeou fo. longiramea were described 

from that area on the basis of morphological characters. Some authors have considered 

C. argentina to be a valid species and others have treated this and C. culeou fo. Longira-

mea as synonyms of C. culeou. This study contributes to the delimitation of these taxa. 

Based on morphology and anatomy, we clarify differential characters between 

C.Culeou   and C. argentina and restore the latter as a valid species Chusquea  culeou fo.   

longira-mea is synonymized under C. argentina. According to data of mass flowering 

events recorded in southern Argentina and Chile, C. culeou and C. argentina become 

reproduct-ive at different times. Anatomical descriptions of culm and foliage leaf blade 

epidermis and cross sections are provided for each species. Comparative tables based on 

diagnostic characters are also included.  

 

 Razak Wahab et al (2012) said that,the physical, anatomical and strength properties 

of 3-year-old cultivated tropical bamboo Gigantochloa scortechinii was studied. Five (5) 

culms of the bamboo were selected and harvested from the Bambusetum plot located in the 

Forest Research Institute Malaysia in Kepong. The anatomical study focussed on the 

vascular bundles and fibres located at the internodes and nodes No. 8 at the outer, middle 

and inner cross section of the bamboo.  
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The sizes of the vascular bundles length, vascular bundles width,fiber length, fiber 

diameter, fiber lumens diameter, fiber walls thickness and fiber Runkle's ratio were 

measured in relation to the samples positions at the interno-des, nodes, and positions in the 

cross-section of the bamboo culms. The physical study gives emphasis on the moistu-re 

content, basic density and dimensional stability. The strength properties study focused on 

the tension parallel to the grain and shear test. Both the physical and strength study were 

conducted at internodes and nodes No. 8 of the bamboo.  

 

 C. Maya et al. (2013) said that, a comparative study on four and six years 

old Oxytenan-thera monostigama with reference to the physical and anatomical 

characteristics were studied. Physical properties such as the culms, height, and number of 

internodes per culms, internodes length, and internodes diameter, and culms wall thickness, 

moisture content and basic density are considered to be important factors in determining 

the suitability of bamboo for various applications. Anatomical analysis of the fibres 

included the investigation of the fibre’s length, width and length/width ratio and specific 

gravity they were higher in six years old culms than in the four years old culms. Similarly 

in physical aspects, basic density was found to be higher in six years old culms. Keywords: 

bamboo culms, anatomical and physical properties, cultivated bamboo  

 

 Shi-Jian Yang et al. (2013) said that,Dwarf bamboos are an important understory 

compo-nent of the lowland and montane forests in the subtropical regions of Asia and 

South America, yet little is known about their physiology and phenotypic plasticity in 

response to changing light environments. To understand how bamboo species adapt to 

different light intensities, we examined leaf morphological, anatomical, and physiological 

differen-tiation of Sinarundinaria nitida (Mitford) Nakai, a subtropical woody dwarf 

bamboo, growing in open and shaded natural habitats in the Ailao Mountains, SW China. 

Compar-ed with leaves in open areas, leaves in shaded areas had higher values in leaf size, 

speci-fic leaf area, leaf nitrogen, and chlorophyll concentrations per unit area but lower 

values in leaf thickness, vein density, stomatal density, leaf carbon concentration, and total 

soluble sugar concentration. 
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 However, stomatal size and leaf phosphorus concentration per unit mass remained 

relatively constant regardless of light regime. Leaves in the open habitat exhibited a higher 

light-saturated net photosynthetic rate, dark respiration rate, non-photochemical 

quenching, and electron transport rate than those in the shaded habi-tat. The results of this 

study revealed that the bamboo species exhibited a high plasticity of its leaf structural and 

functional traits in response to different irradiances. The combin-ation of high plasticity in 

leaf morphological, anatomical, and physiological traits allows this bamboo species to 

grow in heterogeneous habitats.  

 

 Xiao-Ye Shen et al., (2014) said that, bamboos, regarded as therapeutic agents in 

ethnomedicine, have been used to inhibit inflammation and enhance natural immunity for 

a long time in Asia, and there are many bamboo associated fungi with medical and edible 

value. In the present study, a total of 350 fungal strains were isolated from the uncommon 

moso bamboo (Phyllostachys edulis) seeds for the first time. The molecular diversity of 

these endophytic fungi was investigated and bioactive compound producers were screen-

ed for the first time. All the fungal endophytes were categorized into 69 morphotypes 

according to culturable characteristics and their internal transcriber spacer (ITS) regions 

were analyzed by BLAST search with the NCBI database. The fungal isolates showed high 

diversity and were divided in Ascomycota (98.0%) and Basidio-mycota (2.0%), including 

at least 19 genera in nine orders. Four particular genera were considered to be newly 

recored bambusicolous fungi,including Leptosphaerulina Simplicillium Sebac-ina and an 

unknown genus in Basidiomycetes. Furthermore, inhibit-ory effects against clinical 

pathogens and phytopathogens were screened preliminarily and strains B09 

(Cladosporium sp.), B34 (Curvularia sp.), B35 (undefined genus 1), B38 (Penicilli-

um sp.) and zzz816 (Shiraia sp.) displayed broad-spectrum activity against clinical bact-

eria and yeasts by the agar diffusion method. The crude extracts of isolates B09, B34, B35, 

B38 and zzz816 under submerged fermentation, also demonstrated various levels of 

bioactivities against bambusicolous pathogenic fungi. This study is the first report on the 

antimicrobial activity of endophytic fungi associated with moso  bamboo seeds, and the 

results show that they could be exploited as a potential source of bioactive compounds and  
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plant defense activators. In addition, it is the first time that strains of Shiraia sp. have been 

isolated and cultured from moso bamboo seeds, and one of them (zzz816) could 

produce hypocrellin A at high yield, which is significantly different from the other strains 

published.  

 

 Ryoya Ito et al., (2015) said that, in this study, we observed the rhizome and root 

anatomy of moso bamboo (Phyllostachys pubescens) with scanning electron microscopy 

compared with the anatomy of the culm. The epidermis of culm, rhizome, and root were 

hard multi-layered and composed silica cells. The culm and rhizome consist of the 

epidermal, paren-chyma, and vascular tissues. Although features of the anatomical 

structure of the rhizome were similar to those of the culm, the shape and distribution of 

vascular bundles and parenchyma differed between the organs.  

 

 Benhua Fei et al., (2016) said that, bamboo is one of the fastest growing plants and 

has become one of the most important nontimber forest products in the world. In this 

chapter, the biological, anatomical, and chemical characteristics of bamboo are discussed. 

Progre-ss in bamboo molecular biology including the development and application of 

molecular markers, the identification of gene function, and the omics of bamboo are 

investigated. Attention has been given to the anatomical characteristics of bamboo 

associated with macrostructure on the cross-section, variation in microstructure of bamboo 

culm, and the multilayer structure of the bamboo cell. Chemical constituents and the 

structure of bamboo are also reviewed. The surface chemical behavior of bamboo is 

investigated, such as the chemical elements and functional groups. The chemical 

compounds in bamboo leaves include flavonoids, phenolic acids, polysaccharides, 

and essential oils. The antioxidant and anticancer activity of bamboo extracts were 

confirmed. The results from this chapter will be helpful in designing the manufacturing 

process of bamboo products.  
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Himanshu Saini and I. D. Arya (2016) said that, this study presents the bioremed-iation 

effect on the performance of hill bamboo Drepanostachyum falcatum on different soil 

combinations affected by crude oil pollution. Bioremediation was applied into the soil 

combination substrates by adding biodegrading bacteria using Pseudomonas fluoresce-

en and Bacillus subtilis. Six treatments made with combinations of soil, bacteria, fertili-zer 

and crude oil were used for this study. Increase in the plant height was observed as a result 

of treatment combination of soil, crude oil, bacteria and fertilizer. It also increased the 

proportion of plant emergence. The results were not so significant with other crude oil 

pollution treatments. These results open the door for more research to investigate the 

scalability of this bioremediation and also the possibility to have the same bioremediation 

effect against other type of pollution.  

 

 Paynor K. A et al., (2016) said that, this study was undertaken to determine the 

potential of nine endophytic fungi associated with bamboo namely:Cladosporium 

cladosporioides, Aspergillus ochraceus, Aspergillus niger, Aspergillus flavus, Penic-

illium citrinum,  Monascus ruber, Fusarium semitectum, Fusarium sp. 1 and Fusarium sp. 

2 as sources of single cell protein. In addition, proximate composition of the fungal 

enriched corn cob which includes moisture, ash, crude fat and crude fiber were also 

determined. Lastly, cytotoxicity of the treated corn cob was also evaluated to determine 

their feasibility as safe substitute to animal feeds. Results of the study revealed that 

inoculation of endophytic fungi could enhance the proximate composition of corn cob. 

Cladospor-ium cladosporioides – treated corn cob obtained the highest crude protein 

content (CPC) of 3.23%, while, Aspergillus niger – treated corn cob registered the least 

CPC of 2.51%. For the percentage increase CPC, Cladosporium Cladosporioides – treated 

corn cob registered the highest percentage increase of 13.64%. For the moisture content, 

Fusarium sp.2 – treated corn cob obtained the highest moisture content with 2.45%, while 

the uninoculated corn cob had the lowest moisture of 1.48%. For the ash content, Penicill-

ium citrinum – treated corn cob obtained the highest % ash with 2.94% while A. ochrac 

eus treated corn cob had the least % ash of 2.25. For the crude fat, Fusarium sp. 1 treated  
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corn cob obtained the highest crude fat of 0.76% while the Aspergillus ochraceus, Clado- 

sporium cladosporioides and Penicillium citrinum – treated corn cob obtained the least 

crude fat of 0%. For the crude fiber, Fusarium sp. 1 – treated corn cob recorded the highest 

crude fiber with 33.09% while the uninoculated corn cob with 30.93% had the least 

crude fiber content. For the cytotoxicity test, 3.33% mortality rate was recorded after 6 

hours of incubation as observed in Aspergillus niger, Fusarium semitectum and Fusarium 

sp. 1 – treated corn cob. At 12 hours of incubation, Fusarium semitectum had the highest 

mortality rate of 6.67%. Lastly, after 18 hours and 24 hours of incubation, 3.33% mortality 

rate was observed in Fusarium sp. 1 and Aspergillus flavus – treated corn cob. 

 

 He Wen et al., (2017) said that, in order to avoid the drawbacks of the deformation, 

dehiscence and mildew when bamboo scrimber is used in outdoor environment, the 

bamboo scrimber was heat treated with heat conducting oil. The research was focused on 

the effects of conducting oil temperature (120°C, 140°C, 160°C and 180°C) and treat-ment 

time (2 h, 4 h and 6 h) on the density, dimensional stability, physical and mechani-cal 

properties, and wettability of the bamboo scrimber. The results showed that, with the 

increase in heating oil temperature and treatment time, the density of the bamboo scrim-

ber was gradually decreased. The color of the bamboo scrimber became tawny from pale 

white after the heating oil treatment, and the cell walls of the bamboo scrimber presented 

dehiscence, which could be attributed to the high pressure during the processing of 

bamboo scrimber. When the heating oil temperature and treatment time were 180°C and 6 

h, respectively, the density of the bamboo scrimber decreased by 22.2%, the 24 h 

thickness swelling rate reached 1.97%, and the modulus of elasticity and modulus of 

rupture decreased by 28.6% and 31.6%, respectively. The wettability of the bamboo 

scrimber significantly decreased after the heating oil treatment, and the contact angles of 

the bamboo scrimber increased with the increase of conducting oil temperature and 

treatment time. The characterization of the Fourier transform-infrared spectroscopy (FT-

IR) curves showed that the vibration intensity of absorption peaks represented free 

hydroxyl and carbonyl groups, respectively, were significantly reduced, which revealed 

that the number of hydrophilic groups in the bamboo scrimber decreased.  
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Ying-Ke Zhou et al (2017) said that, An important and useful bamboo species fishsc-

ale bamboo (Phyllostachys heteroclada Oliver), is broadly distributed in Southeast China 

and has multiple purposes, including uses in cuisine, weaving, Chinese medicine and 

ecological protection.However, no previous studies have focused on the endophytes of this 

plant. In our article, a total of 127 fungal strains were first isolated from the healthy 

branches and leaves of common P. heteroclada. These endophytic fungi could be directly 

categorized into 50 morphotypes according to their culture characteristics, and their inter-

nal transcribed spacer (ITS) regions were analyzed for molecular identificati-on. Using the 

BLAST search tool of the NCBI database and phylogenetic tree analysis, these isolates 

were divided into two phyla, Ascomycota (95.28%) and Basidiomycota (4.72%), include-

ing at least six orders (Xylariales Capnodiales Pleos-porales, Hypocreales, Cha- etothyria- 

les and Polyporales) and fourteen genera (Arthriniu m, Pestalotiopsis Epico- ccum, Clado 

sporium , Nigrospora, Setophoma ,Didymella, Calcarisporium Preussia 

Nemania, Creosphaeria, Ophiobolus, Phialophora and Perenniporia). It is fascinateing 

that four genera Calcarisporium   Preussia, Creosphaeria and Phialophora were isolated 

from bamboos for the first time. The inhibitory effects against clinical pathogens were also 

preliminarily screened, and four isolates FB43 (Calcarisporium arbuscula), FB06 

(Preussia minima), FB16 (Setophoma sp.) and FB21 (Perenniporia medulla-pains) among 

the candidate strains displayed broad-spectrum activities accord ing to the agar diffusion 

method and the disk diffusion assay. Strain FB16 (Setophoma sp.) especially indicated high 

bioacti-vity against both clinical bacteria and yeast. This study is the first report on the 

diversity and antimicrobial activity of the endophytic fungi associated with P. heteroclada, 

which could be regarded as a potential source of drug precursors and could be used in 

biocontrol development.  

 

S. Srivaro et al (2018) said that, The aim of this work was to investigate the structure 

property relationships of two different monocotyledon trunks: bamboo (Bambusa  blu- 

meana Schultes) and oil palm (Elaeis guineensis Jacq). Anatomical characteristics 

(fraction of fibers) and physical (density, water uptake, and swelling in the radial direct- 
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ion) and mechanical (modulus of rupture and modulus of elasticity) properties of bamboo  

and oil palm trunks were examined. The results showed that the examined properties of 

both species were mainly governed by fibers. Those of bamboo were mostly greater.Funct- 

ions relating most of the examined properties to the density of both species were finally 

achieved. Based on the results obtained, it is suggested that bamboo has a Higher Potent-   

tial for structural application, while oil palm wood is more likely to be utilized for non-

structural purposes.S Srivaro et al 2018 said that,The aim of this work was to investigate 

the structure–property relationships of two different monocotyledon trunks: bamboo 

(Bambusa blumeana Schultes) and oil palm (Elaeis guineensis Jacq). Anatomical 

characteristics (fraction of fibers) and physical (density, water uptake, and swelling in the 

radial direction) and mechanical (modulus of rupture and modulus of elasticity) properties 

of bamboo and oil palm trunks were examined. The results showed that the examined 

properties of both species were mainly governed by fibers. Those of bamboo were mostly 

greater. Functions relating most of the examined properties to the density of both species 

were finally achieved. Based on the results obtained, it is sugg-ested that bamboo has a 

higher potential for structural application, while oil palm wood is more likely to be utilized 

for non-structural purposes.  

 

 T Wang et al (2018) said that, Moso bamboo (Phyllostachys edulis) is one of the most 

important bamboo species in China and the third most important plant species for timber 

production. However, the dwarf variant of moso bamboo, P. edulis f.  tubaefor-mis 

(shengyin bamboo), which has shortened internodes, is not well studied. We used 

anatomical, hormonal, and transcriptomic approaches to study internode shortening and 

shoot growth in dwarf shengyin and wild moso bamboo. Phenotypic and anatomical 

observations showed that dwarfing in shengyin bamboo is due to reduced internode length, 

and the culm fibers in shengyin bamboo are significantly shorter and thicker than in 

wild moso bamboo. We measured the levels of endogenous hormones in the internodes 

and found that shengyin bamboo had lower levels of four hormones while two others were 

higher in wild moso bamboo. Comparative transcriptome analyses revealed a poten-tial 

regulating mechanism for internode length involving genes for cell wall loosen-ing related 

enzymes and the cellulose and lignin biosynthesis pathways. Genes involved in hormone  
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biosynthesis and signal transduction, especially those that showed significant differential 

expression in the internodes between shengyin and wild moso bamboo, may be important 

in determining the shortened internode phenotype. A hypothesis involving possible cross-

talk between phytohormone signaling cues and cell wall expansion leading to dwarfism 

in shengyin bamboo is proposed. The results presented here provide a comprehensive 

exploration of the biological mechanisms that determine internode shortening 

in moso bamboo.  

 

 W. S Jeon et al (2018) said that, Bamboo is one of the major biomass resources in 

the world. To obtain valuable information for effective use of bamboo resources in Korea, 

the anatomical characteristics of the commercial Korean bamboo species (Phyllo-

stachys pubescens, Phyllostachys nigra, and Phyllostachys bambusoides) were analyzed. 

The structures in bamboo culm were observed by optical and scanning electron micro-

scopy. Also, the crystalline properties as relative crystallinity and crystallite width were 

measured by an X-ray diffraction method. The three Korean bamboo species had the 

vascular bundle type I with tylosoid in intercellular space. In the outer part of culm, 

vascular bundles showed denser spacing than inner part. The fiber length in outer part 

samples of the three bamboo species showed longer than inner part samples. Further-more, 

the fiber length showed a significant difference between inner part and outer part in three 

bamboo species, showing the longest fiber length in Phyllostachys bambusoides. 

Phyllostachys pubescens showed the greatest diameter in vessel and parenchyma on cross 

section. Parenchyma cells in Phyllostachys pubescens and Phyllostachys  bambusoides 

showed similar length and width in both radial and tangential sections. The relative cry-

stallinity and crystallite width in outer part samples of the three bamboo species showed 

higher values than those in inner part samples, with the greatest values from Phyllosta- 

chys bambusoides.  

 

A. P. A Pasqualini et al (2019) sid that, Bambusa oldhamii Munro is a fast-growing 

species of woody bamboo with strong commercial appeal. In Brazil, the use of this species 

is limited, mainly due to the low availability of seedlings for commercial plantations.  
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Micropropagation is a technique used for the large scale production of seedlings, but 

protocols for the establishment of aseptic cultures are hampered by the presence of 

endophytic contamination.This study aimed to develop an in vitro establishment protocol 

for B. oldhamii, as well as to make the molecular identification of fungi associated with 

the explants used. Nodal segments of adult plants grown in the field were used as explants. 

This material was submitted to two experiments carried out to evaluate the effect of 6-

benzylaminopurine (BAP) on multiplication and of Plant Preservative Mixture (PPMTM) 

as a disinfectant. In the first one, 10 µM, 15 µM or 20 µM of BAP were combined with 1 

mL L-1, 2 mL L-1 or 3 mL L-1 of PPMTM; while the second one used 0 µM, 2.5 µM, 5 µM 

or 7.5 µM of BAP with 4 mL L-1 of PPMTM, both added to MS culture medium. After 21 

days of culture, the use of 4 mL L-1 of PPMTM inhibited the bacterial growth and reduced 

fungal contamination. The addition of BAP to the culture medium above 10 µM inhibited 

the formation and growth of new shoots, while additions of less than 7,5 µM had no effect. 

The molecular identification of the endophytic fungi isolated during the in vitro culture 

indicated the presence of numerous fungal species, increasing the current knowledge about 

the diversity of fungi associated with bamboo. 

 

 Azevedo Pasqualini et al (2019) said that, Bambusa oldhamii Munro is a fast-

growing species of woody bamboo with strong commercial appeal. In Brazil, the use of 

this speci-es is limited, mainly due to the low availability of seedlings for commercial 

plant-ations. Micropropagation is a technique used for the large-scale production of 

seedlings, but protocols for the establishment of aseptic cultures are hampered by the 

presence of endo-phytic contamination. This study aimed to develop an in vitro establish-

hment protocol for B. oldhamii, as well as to make the molecular identification of fungi 

associated with the explants used. Nodal segments of adult plants grown in the field were 

used as expla-nts. This material was submitted to two experiments carried out to evaluate 

the effect of 6-benzylaminopurine (BAP) on multiplication and of Plant Preservative 

Mixture (PPM TM) as a disinfectant. In the first one, 10 μM, 15 μM or 20 μM of BAP 

were combined with 1 mL L -1, 2 mL L -1- or 3-mL L -1 of PPM TM; while the second one  
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used 0 μM, 2.5 μM, 5 μM or 7.5 μM of BAP with 4 mL L -1 of PPM TM, both added to  

MS culture medium. After 21 days of culture, the use of 4 mL L -1 of PPM TM inhibited 

the bacterial growth and reduced fungal contamination. The addition of BAP to the culture 

medium above 10 μM inhibited the formation and growth of new shoots, while additions 

of less than 7,5 μM had no effect. The molecular identification of the endophytic fungi 

isolated during the in vitro culture indicated the presence of numerous fungal species, 

increasing the current knowledge about the diversity of fungi associated with bamboo.  

 

Jadson Belem de Moura etal (2019) said that, most studies on bamboo have evalua-ted 

their commercial use but few have investigated their associated arbuscular mycorrhizal 

fungi (AMF). These symbiont fungi are fundamental on plant growth, nutrient cycling, 

biodiversity maintenance, etc., particularly on acidic/dystrophic soils as those of the 

Brazilian Cerrado. This study aimed to characterize the community composition and 

ecological interactions of AMF associated with the bamboo species  Actinocladum 

verticillatum and Bambusa vulgaris vittata,under Cerrado vegetation in central Brazil. 

Roots and rhizospheric soil samples of A. verticillatum and B. vulgaris vittata were 

collected on 12 plots in the Gurupi (Tocantis state) and Porangatu (Goiás state) micro-

regions. The roots’ mycorrhizal colonization rate, rhizospheric soil’ spore density, and the 

associated AMF genera were evaluated. There were no differences in the radical 

mycorrhizal colonization rates among the two bamboo species, although B. vulgaris  

vittata showed higher spore density than A. verticillatum.Thegenera  Acaulospora 

Claroideglomus, Diversispora, Scutellospora, Glomus, and Gigaspora were identified in 

both bamboo species, while Sclerocystis waspresentonlyon A.Verticillatum Thegenera 

Acaulospora, Diversispora, and Glomus were frequently found together. This study may 

be a first step to future AMF-based bamboo micro-propagation efforts in the Cerrado 

Brazilian vegetation.  

 

 Johar Mohamed et al (2019) said that, Structural development and modification of 

bamboo culm’s anatomical characteristics occur during the maturation period. This process 

affects the conductivity efficiency in individual bamboo culms (above ground). The present  
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study clarified this process in the sympodial type of bamboo rhizome (belowground).This 

study aimed to observe the anatomical characteristics of Gigantochloa  scortechi-

nii rhizome, examine their relationship with different study sites and rhizome ages, and 

investigate their relationship with hydraulic conductance. Destructive sampling on four 

consecutive rhizomes was conducted using a selective random sampling method. All 

rhizome anatomical characteristics were significantly different between study sites except 

parenchyma diameter, parenchyma lumen diameter, and fiber cell wall thickness. The 

results also indicated that the vascular bundle diameter, parenchyma diameter, parenchy-

ma lumen diameter, parenchyma cell wall thickness, fiber diameter, fiber cell wall 

thickness, and fiber length increased with age, but radial to tangential ratio decreased with 

age. All measured characteristics including the conductance elements had no relati- onship 

with hydraulic conductance, except parenchyma diameter and parenchyma lumen 

diameter. The sizes parenchyma diameter and lumen diameter did not imply a determin-

ant factor in hydraulic conductance. Further studies on rhizome chemical attributes should 

be carried out to isolate the cause of decreasing hydraulic conductance.  

 

 J. Luo et al (2019) said that, The anatomical morphologies of vessel elements and 

pits of bamboo plants are unique, however, intensive research about vessel elements and 

pits in bamboo species is very scarce. The vessel elements and pits of four sympodial 

bamboo species were analyzed by light microscopy and environmental scanning electron 

micro-scopy (ESEM). Results show that the length and width of vessel elements were 

signify-cantly different across bamboo species. The simple (main type), scalariform, and 

reticul-ate perforation plates were discovered on the end of vessel elements. The four 

species also displayed distinct pit forms. Characteristics of vessel elements, perforation 

plates, and the shape and size of pit apertures were examined separately for their potential 

relationship of bamboo structure and function.  

 

 Nordahlia Abdullah Siam et al  (2019) said that, The anatomical, physical, and 

mechani-cal properties of 13 Malaysian bamboos and the trend of these properties along 

the bamboo culms’ height were examined. The results showed that these properties varied  

 

37 



 

 

 

 

between the 13 species and they were also affected by the culm height. From the results 

obtained, the fibre morphology, as well as radial, longitudinal, and tangential shrinkage 

from green to oven-dry decreased from the basal to the top of the bamboo culm. In contrast, 

the opposite trend was observed for the density, modulus of rupture, modulus of elasticity, 

and percentage of the vascular bundle. The potential usage of 13 bamboo species is also 

considered.  

 

   V. Parkash et al., (2019) said that the genus Bambusa Schreb. which belongs to the Poa- 

ceae family is commonly present in north-eastern region of India. A survey was undertak- 

en in three villages viz. Tilikiaam, Maoutgaon and Nathgaon of Jorhat district, Assam, 

North-east India, where natural populations of Bambusa species were observed. Four 

bamboo species i.e., Bambusa bambos (L.) Voss, B. tulda Roxb., B. pallida Munro and B. 

nutans Wall. ex. Munro were found locally economically important and the rhizospheric 

soil and root samples were collected for screening of dark septate endoph-ytes (DSE) as 

well as arbuscular mycorrhizal (AM) colonization. Quantitative analysis of root samples 

showed the presences of all the three types of endomycorrhizal root infection/colonizatio- 

n namely hyphal, vesicular and arbuscular. Beside this, the dark septate endophytic infec- 

tions were also observed in all the bamboo species. The cent-percent endomycorrhizal 

(hyphal and vesicular) and DSE hyphal infections were reported in roots of all the bamboo 

species respectively. There were variations observed in arbuscu-lar infection in B. 

nutans and B. bambos (100%), B. pallida (90%) and least in B.  tulda (70%). Qualitative 

analysis revealed that the Endomycorrhizae found in the rhizospheric soil predominantly 

belongs to five generaviz. Glomus, Acaulospora, Gigaspor a, Scutello- 

spora and Entrophospora. The genus Glomus, is the most dominant, with 17 species 

(61%), Acaulospora with 7 species (25%), Entrophospora with 2 species (7%), Scutell 

ospora (3.5%) and Gigaspora (3.5%) with 1 species each. Distribution of AM fungi were 

highest in B. bamboos (67.7%) followed by B. pallida (19.4%), B. tulda  (11.1%) and least 

in B. nutans (2.8%). Bamboo resources have been considerably declin-ing due to 

exploitation, shifting cultivation, gregarious flowering and extensive forest fires from the 

natural habitats. 
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Therefore, further microbial based applied researches should be undertaken to protect the 

dwindling natural bamboo resources and considering AMF bioinoculants in future 

management practices in order to maintain diminishing ecosystems.  

 

 A.A.C Silveira (2020) said that, Endophytic fungi, in addition to improving plant 

development, may produce antimicrobial substances that can inhibit pathogens. The 

objective of this study was to isolate and characterize endophytic fungi 

of Bambusa  oldhamii and evaluate in vitro antagonism to Pyricularia oryzae. Fungal 

isolates of B.  oldhamii shoots were purified and identified by nuclear ribosomal DNA 

(nrDNA) including internal transcribed spacer regions (ITS1 and ITS4). These isolates 

were then confirmed by phylogenetic analysis of the ITS1 and ITS2 sequences and 

morphological analysis. The isolates were evaluated in in vitro experiments of direct and 

indirect antago-nism (volatile production). Five fungal isolates were identified and named 

as follows: isolate 27 (Arthrinium sp.); isolate 29 (Acrocalymma sp.); isolate 122 

(Botryobambusa  fusicoccum); isolate 711 (Phoma sp.) and isolate 712 (Phoma sp.). We 

found that the area of the P. oryzae colony was reduced by more than 80% by all 

endophytic isolates in this study, with emphasis on isolate 122, with a 96% reduction in 

area of the P. oryzae. These results were considered promising and will serve as a 

foundation for future studies on induction of resistance to P. oryzae 

 

      Andreia Alves da Costa Silveira et al (2020) said that, In a plant-endophyte 

relationship, substances secreted by microorganisms can help the plant to defend itself 

against pathog-ens and also to promote an increase in biomass. This study aimed to 

biochemically chara-cterize endophytic fungi from Bambusa oldhamii Munro, aiming at 

future studies on plant growth promotion, as well as on resistance induction. The following 

fungal isolates from B. oldhamii were used: 29 (Acrocalymma sp.); 122 

(Botryobambusa fusicoccum); 711 (Phoma sp.); and 712 (Phoma sp.). Biochemical 

characterization was performed analyzing the production of indole-acetic acid, chitinases 

and glucanases, as well as the presence or absence of polyphenol oxidases and phosphate 

solubilization activity in vitro.  
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The isolate 29 produced larger amounts of indole-acetic acid and chitinases, yielding 31.55 

mg mL-1 after 96 h and 2.59 U mL-1 after 120 h, respectively. The isolate 122 produced 

an increased amount of glucanases, yielding 2.65 U mL-1 after 72 h. The isolates 29, 711 

and 712 produced polyphenol oxidases. The isolate 711 showed phosphate solubilization 

activity in vitro. These results indicate that the isolates under study show a potential for 

inducing resistance in plants and for future studies on the increase of plant biomass.  

 

 E. Xiang et al (2020) said that, the anatomical characteristics of culms in Bambusa 

pervariabilis bamboo at different ages and heights were investigated by microscopy and 

image analysis. Among the two vascular bundle types found in culms, the broken-waist 

type was considered typical, with the following measurements: average proportion of 

fibrous tissue, 41.53 percent; length, 1.75 mm; slenderness ratio, 117; and Runkel ratio, 

4.00. These values were close to those of the moso bamboo (Phyllostachys edulis), which 

is commercially relevant in China. Age and height significantly influenced the anatomical 

characteristics of B. pervariabilis: with an increase in age, both the length and double-wall 

thickness of the fiber gradually increased, whereas its lumen diameter decreased. The 

width of vascular bundles and the length, width, double-wall thickness, and lumen diameter 

of fiber markedly decreased from the bottom to the top. Therefore B. pervari-abilis is an 

ideal raw material for pulping and papermaking, and its perform ance is close to that 

of moso bamboo. 

 

 J. Giba  et al (2020) said that, The Plants are reservoir of large numbers of 

microorganisms known as endophytes that resides inside the plants with inconspicuous 

symptoms. The association of grasses with microorganisms, including fungal endophytes, 

is abundant and is vital to maintain the grasses' ecological health and the species diversity. 

The Bamboo is an essential plant, intertwining with native people indicates the opportunity 

to find new strains of endophytic fungi and as potential sources of novel natural products. 

Arunachal Pradesh, one of the world's biodiversity hotspots with 80% of the total state area 

under forest cover, will provide a vast potential for the research on endophytic fungi.  
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  J. Giba et al (2021)   The present study attempts to isolate and identify the number 

of endophytic fungal association in three species of bamboo leaves; Dendrocalamus  sikki-

mensis (DS), Bambusa polymorpha (BOP) and Phyllostachys bumbusoides (PB). The 

endophytic fungi were isolated from the plant tissue following the protocol of Suryanar-

ayanan et al., 1998. A total of 196 endophytic fungi were isolated and identified up to genus 

level. Among all the fungal isolates, Xylaria and Nigrospora sp. showed highest level of 

colonization frequency (i.e., 18%). Xylaria sp. was more dominant in BOP, whereas, DS 

and PB displayed deviation in terms of fungal dominance with sp2 (sterile) 

and Nigrospora sp. to be dominant respectively. The isolation of endophytic fungi from 

healthy mature leaves of host plant suggests that the fungi residing inside them is 

asymptomatic and may be beneficial to their host, as they are found to protect their host 

against domestic herbivores, pest and pathogens. The study opens the gate for further 

biological analysis of endophytic fungi associated with bamboo creating a genetic 

resource for future researchers.  

 

 Rafidah Salim et al (2021) said that, effect of oil heat treatment on physical 

properties of 3 years old Gigantochloa scortechinii Gamble bamboo was investigated. The 

bamboo splits within epidermis were heat-treated using crude palm oil at temperature 

140°C, 180°C and 220°C for duration 30 and 60 min. The objectives were to determine the 

effect of oil heat treatment on physical properties of the heat-treated bamboo and to assess 

any significant changes on physical properties of the heat-treated bamboo. Untreated 

bamboo was used as comparison for each treatment conditions. The results 

indicated equilibrium moisture content (EMC), density and volumetric shrinkage of heat-

treated bamboo decre-esed as the treatment temperature and time increases. The EMC and 

density reduct-ion were 4-27% and 11-18% approximately. This study indicated that 

bamboo became less hygroscopic when subjected to higher temperature and longer heat 

treatment time. Volumetric shrinkage of bamboo was also reduced by the treatment 

conditions (17-53%). The shrinkage properties of bamboo were inversely proportional to 

the treatment conditions, indicating that oil heat treatment successfully imparts 

the dimensional stability of the bamboo.  
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 Xiaomeng Hao et al (2021) said that, Bamboo is now widely used in construction, 

papermaking, textile, furniture and other fields because of its renewable, fast-growing, 

high-strength, high-yield and easy processing. However, compared with wood, bamboo 

and bamboo products are more vulnerable to damage by fungi and pests. An effective and 

eco-friendly method is urgently needed to improve their physical and chemical properties, 

decay resistance and anti-mildew properties, and hydrophobic properties. Here, bamboo 

was heated with methyl silicone oil. The effect of different temperatures (140 °C–200 °C) 

and different times (2 h–6 h) on the properties of bamboo was studied systematically, 

including chemical composition, physical and mechanical properties, surface wettability, 

decay resistance and anti-mildew property. No starch granules were observed inside the 

parenchymal cell lumen of bamboo specimen heat treated at 200 °C for 6 h. And with the 

increase of heat treatment temperature and time, the content of cellulose and hemicellulose 

decreases gradually while relative content of lignin increases due to its better thermal 

stability. Accordingly, the surface wettability decreases due to the changes of the surface 

functional groups and micro-morphologies. Under the condition of oil heat treatment at 

160 °C for 2 h, the compressive strength parallel to grain of bamboo samples reach the 

maximum of 109.52 MPa. With further increase of heating temperature, the corresponding 

compressive strength decreases. The resulted bending strength and MOE both display 

similar changing trend. However, the optimal parameter is at 180 °C for 2 h, with the 

highest bending strength and MOE values of 142.42 MPa and 12,373.00 MPa, 

respectively. Finally, the decay resistance and anti-mildew property are dramatically 

enhanced with increased heat treatment temperature and time. All the corresponding 

changing mechanisms are investigated in depth and in detail. Our results provide 

comprehensive process parameters and micro-mechanism for the performance of oil heat 

treatment of bamboo, which can be used to guide the actual production.  

 

` Zhihao Chen et al (2021) said that, Plant invasion can markedly alter soil fungal 

communities and nitrogen (N) availability; however, the linkage between the fungal 

decomposition capacity and N mineralization during plant invasion remains largely  
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unknown. Here, we examined the relationship between net mineralization rates and 

relevant functional genes, as well as fungal species composition and function following 

Moso bamboo (Phyllostachys edulis) invasion of evergreen broadleaf forests, by studying 

broadleaf forests (non-invaded), mixed bamboo-broadleaf forests (moderately invaded) 

and bamboo forests (heavily invaded). Fungal species composition and functional genes 

involved in organic matter decomposition (laccase and cellobiohydrolase), N mineraliz-

ation (alkaline peptidases) and nitrification (ammonia monooxygenase) were determined 

via high-throughput sequencing and real-time PCR. Both net ammonification and nitrific-

ation rates were generally increased with bamboo invasion into the broadleaf forest, where 

the net ammonification rate, on average, was 10.8 times higher than the nitrifica-tion rate 

across the three forest types. The fungal species composition and ecological guilds were 

altered with bamboo invasion, as demonstrated by the increased proportion of saprotrophs 

but decreased proportion of symbiotrophs in the bamboo forest. The increased net 

ammonification rate in bamboo forest was positively correlated with both fungal species 

composition and functional groups, and the fungal lcc gene (for lignin breakdown) 

abundance explained 67% of the variation of the net ammonification rate. In addition, the 

gene abundance of ammonia-oxidizing bacteria (AOB) explained 62% of the variation of 

net nitrification rate across the three forest types. The increased soil ammonification and 

nitrification rates following bamboo invasion of broadleaf forests suggest that the bamboo-

invasion associated increase in soil N supply provided a positive feedback that facilitated 

bamboo invasion into broadleaf forests.  
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MATERIALS AND METHODS 

 
 

 The present study was carried out at Vallur regions (Marottichal), near the bank of the 

stream. The study mainly focusses on the comparative analysis of Bambusa vulgaris plants 

growing in the polluted areas with those growing in less polluted areas.  

             The leaves, stem, root of these plants was collected from polluted as well as non-

polluted areas.  

           The study was conducted during the period of January – March of 2021.  

  

 4.1. DESCRIPTION ABOUT STUDY AREA  

  

Vallur is a small village in Puthur Grama Panchayath located in the Thrissur 

district, in the Indian state of Kerala, located near to the Chimmini Wild Life Sanctuary. 

It belongs to Central Kerala Division. It is located 14 KM towards west from District 

headquarters Thrissur , at 10°27’39° N 76°.21’ 40E. It has an average elevation of 13 

meters above sealevel. Puthur became a grama Panchayath in 1958 and is divided into 21 

electoral wards. It is a part of Ollur Legislative Assembly Constituency and Thrissur 

Parliamentary Constituency.      

                                                                                                                   

Coordinates             10°27’39° N   

                                 76°.21’40E                      

Country                    India  

State                          Kerala  

District                      Thrissur  

Government Body    Grama Panchayath   

Location                    Vallur  

Area                          4 km 7    

Elevation                   49 m (161 ft)  

Study area                 Vallur 

Humidity                   76%                                                                      

                                                                           Fig 1: Study Area-Vallur   
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 Location 1: Polluted Zone – Near Vallur Kuthu Stream (Near Diesel Engine) 

 

1. State   :   Kerala  

2. District   :   Thrissur 

3. Taluk   :   Thrissur 

4. Local Authority  :   Puthur Gramma Panchayath 

5. Location    :   Vallur 

6. Pin Code    :    680014 

 Vallurkuthu stream is selected as the polluted area. Vallurkuthu stream, the small 

waterfalls in terms of area. It comes under the puthur gramma panchayath. Diesel engines 

are constantly pumping water from this canal for agricultural purposes. Therefore, the soil 

and plants around the diesel house are polluted. Thus, the chance of soil pollution is very 

high. (Plate 2) 

 

Location 2: Non- Polluted Zone – Near Vallur Kuthu Stream (100 Meter Away from 

Diesel Engine)  

 

          1. State                 :    Kerala  

        2. District              :   Thrissur 

                          3. Taluk                :   Thrissur 

                          4. Local Authority           :   Puthur Gramma Panchayath 

                      5. Location             :  Vallur, Marottichal 

                             6. Pin Code              :   680014 

 

This area is selected as the control site or non-polluted area. It is area which is rich in 

vegetation and biodiversity. Comparing to the region locations about 100 meters away 

from the place where diesel engines run not contaminated. When inspected, the soil and 

vegetation were found to be unpolluted. The stem, leaf and root of Leaf samples of 

Bambusa Vulgaris were collected from polluted and non-polluted sites, to investigate and 

compare the effect of soil pollution on the anatomy, morphology and mycoflora of the 

selected Bambusa vulgaris. (Plate 1) 
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Fig 2: Study area location map 

 

 

 

 
 

Plate 1: Non-Polluted Zone 
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Plate 2: A & B: Polluted Zone 
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4.2. DESCRIPTION ABOUT THE SELECTED PLANT  

 

4.2.1. Bambusa Vulgaris  
 

                                        Scientific Name: Bamboo vulgaris     

                                        Common Name: Bamboo 

                                               

4.2.1.1. SCIENTIFIC CLASSIFICATION  
 

                                        Domain     :  Eukaryota  

                                        Kingdom   :  Plantae  

                                        Phylum       :   Magnoliophyta                                           

                                       Class           :   Liliopsida 

                                    Sub Class :   Commelinidae 

                                       Order          :   Cyperales 

                                       Family        :  Gramineae (Poaceae) 

                                    Sub Family :  Bambusoideae 

                                       Tribe           :  Bambuseae 

                                        Sub Tribe    :  Bambusinae 

4.2.1.2. DESCRIPTION 

Bambusa vulgaris forms moderately loose clumps and has no thorns. It has lemon 

yellow culms (stems) with green stripes and dark green leaves. Stems are not straight, not 

easy to split, inflexible, thick-walled, and initially strong. The densely tufted culms grow 

10–20 m (30–70 ft) high and 4–10 cm (2–4 in) thick. Culms are basally straight or flexuose 

(bent alternately in different directions), drooping at the tips. Culm walls are slightly thick. 

Nodes are slightly inflated. Internodes are 20–45 cm (7.9–17.7 in). Several branches 

develop from mid-culm nodes and above. Culm leaves are deciduous with 

dense pubescence. Leaf blades are narrowly lanceolate. 

Flowering is not common, and there are no seeds. Fruits are rare due to low pollen 

viability caused by irregular meiosis. At the interval of several decades, the whole 

population of an area blooms at once, and individual stems bear a large number of flowers.  

48 

https://en.wikipedia.org/wiki/Culm_(botany)
https://en.wikipedia.org/wiki/Plant_stem
https://en.wikipedia.org/wiki/Deciduous
https://en.wikipedia.org/wiki/Leaf#Surface
https://en.wikipedia.org/wiki/Lanceolate
https://en.wikipedia.org/wiki/Meiosis


 

 

 

Vegetation propagates through clump division, by rhizome, stem and branch 

cutting, layering, and marcotting. The easiest and most practiced cultivation method is 

culm or branch cutting. In the Philippines, the best results were obtained from one-node 

cuttings from the lower parts of six-month-old culms. When a stem dies, the clump usually 

survives. A clump can grow out of stem used for poles, fences, props, stakes, or posts. Its 

rhizomes extend up to 80 cm before turning upward to create open, fast-spreading 

clumps. The easy propagation of B. vulgaris explains its seemingly wild occurrence. The 

average chemical composition is cellulose 41–44%, pentosans 21–23%, lignin 26–

28%, ash 1.7–1.9%, and silica 0.6–0.7%. 

 

4.2.1.3. ECONOMIC IMPORTANCE  
 

Common bamboo has a wide variety of uses, including the stems used as fuel and 

the leaves used as fodder, though a large amount of ingestion of leaves is known to cause 

neurological disorder among horses. The worldwide production and trade of B. vulgaris is 

considerable, though no statistics are available. It also has some disadvantages. Working 

and machining  properties of the stems are poor, as they are not straight, not easy to split, 

and not flexible, but they are thick-walled and initially strong. Because of high 

carbohydrate content, stems are susceptible to attacks from fungi and insects such 

as powder post beetles. Protection from biological threats is essential for long-term use. 

B. V. var. striata is used as ornamental solitary or as border hedge. Its shoots boiled 

in water are sometimes used for medicinal qualities. Cultivated around the world, it is 

generally found in East, Southeast, and South Asia. B. v. f. waminii is cultivated in the US 

and Europe in addition to Asia. B. v. f. vittata is the most popular variety as an ornamental 

plant, and is considered to be very beautiful. The 'Kimmei' cultivar is mostly cultivated in 

Japan. 
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Ornamental: 

 

 It is widely used as an ornamental plant, and is very popular as that. It often is 

planted as fences and border hedges. It is also planted a measure for erosion control . 

 

Construction 

 

The stems or culms of B. vulgaris are used for fencing and construction, especia-

lly of small, temporary shelters, including flooring, roof tiles, panelling, and walls made 

wither with culms or split stems. The culm is used to make many parts of boats include-

ing masts, rudders, outriggers, and boating poles. It also is used to make furniture, bask-

etry, windbreakers, flutes, fishing rods, tool handles, stakes, weapons, bows for fishing 

nets, smoking pipes, irrigation pipes, distillation pipes, and more. It is used as raw material 

for  paper pulp, especially in India. Paper made from B. vulgaris has except-ional tear 

strength comparable to paper made of softwood. It can also be used to make particle boards 

and flexible packaging grade paper.  

 

Food 

Young shoots of the plant, cooked or pickled, are edible and eaten throughout Asia. 

Yellow shoots remain buttercup yellow after cooking. A decoction of the growing tips is 

mixed with Job's tears (Coix lacryma-jobi) to make a refreshing drink in  Mauriti- us.  The 

shoots are tender and whitish pink and have a fair canning quality. A 100-gram (3.5 oz) 

serving of young shoots of green-stem cultivars has 90 g of water, 2.6 g of protein, 4.1 g 

of fat, 0.4 g of digestible carbohydrates, 1.1 g of insoluble  dietary fiber, 22.8 mg of 

calcium, 37 mg of phosphorus, 1.1 mg of iron, and 3.1 mg of  ascorbic acid. A serving of 

young shoots of yellow-stem cultivars has 88 g of water, 1.8 g of protein, 7.2 g of fat, 0.0 g 

of digestible carbohydrates, 1.2 grams of insoluble fiber, 28.6 mg of calcium, 27.5 mg of 

phosphorus, and 1.4 mg of iron.  
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Indigenous Medicine 

 

Golden bamboo is considered in many traditions across Asia to have medicinal 

value. Many uses are found in herbal medicine, though the effects are not clinically proven. 

In Java, water stored in golden bamboo tubes is used as a cure of various diseases. In the 

Congo, its leaves are used as part of a treatment against measles; in Nigeria, an infusion 

of macerated leaves is taken against  sexually transmitted diseases  and as an abortifacient 

the latter has been shown to work in rabbits.  

 

4.3. PHARMACOGNOSTICAL STUDIES  

4.3.1. ORGANOLEPTIC EVALUATION  

  Various sensory parameters of the plant material (such as color, size and shape) were 

studied by organoleptic evaluation. 

4.3.2. MACROSCOPIC EVALUATION  

        Various macroscopic characters of fresh plants of Bamboo Vulgaris were recorded. 

4.4. DETECTION AND IDENTIFICATION OF ENDOPHYTIC FUNGI IN SOIL 

The soil samples from the polluted and non-polluted sites were assayed for the 

presence of endophytic fungi by using Agar plate method recommended. 

4.4.1SERIAL DILUTION OF SOIL SAMPLE  

Isolating bacteria from soil is an important first step in many microbiology 

experiments. Once they are isolated, fungi can be further analyzed to determine things, 

such as their species and their function in the soil environment. Even a tiny amount of 

soil can contain millions of fungi, which makes it necessary to dilute a soil sample before 

isolating fungi from the sample.it is done in both the polluted and non-polluted soil. 
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 Measure 100 ml. distilled water in the graduated cylinder and add it to the sterile 

bottle. 

 Weigh out 1 g of the soil sample and add it to the bottle of distilled water. Tightly 

cap the bottle and shake it to thoroughly mix the solution. 

 Label the sterile test tubes “NPC or PC” "10^-1," "10^-2, "10^-3," "10^-4,"and 

"10^-5," Add 9 ml of distilled water to each of the tubes, using one of the pipettes. 

(NPC represent non-polluted control, PC represent polluted control) 

 Transfer 1 ml of the solution in the bottle to the tube labeled “NPC or PC”, using 

a new pipette. Cap the tube and swirl it gently until the solution is well mixed. 

 Transfer 1 ml of the solution in the “NPC or PC” test tube to the "10^-1" tube 

with a new pipette. Cap the "10^-1" tube and swirl to mix. Repeat this method 

until reach to "10^-5" test tube.  

 Plate samples each from the "10^-1," "10^-2, "10^-3," "10^-4," and "10^-5” tubes. 

Use a new pipette to transfer 1 ml of solution from the tube into a Petri plate. Add 

about 15 ml of nutrient agar to the plate; then put the lid on the plate and swirl 

gently so that the agar covers the bottom of the plate. 

 Make a control plate by putting 1 ml of distilled water into a Petri plate, using a 

new pipette. Add agar; put the lid on and swirl the plate. 

 Leave the Petri plates upright until the agar has set. Then invert the plates and 

incubate them either in an incubator or at room temperature for as little as 24 

hours and up to five days. 

 Remove the plates from the incubator after the desired amount of incubation time. 

Count the fungal colonies on plates. Use a permanent marker to mark the colonies 

you have already counted in order to avoid counting the same colonies twice. 
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\   

Plate 3: serial dilution of soil sample from polluted site 

       

Plate 4: serial dilution of soil sample from non-polluted site 
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4.4.2. FUMIGATION  

 Put ‘OFF’ the A/C unit 

 Use safety goggles and hand gloves during fumigation  

 Take potassium permanganate (about 1 gm) in a petridish and keep in the area where                                 

fumigation is to be carried out. 

 Place the petriplate on a polythene bag.  

 Add about 25mL of 35% Formaldehyde solution to potassium permanganate. 

 Immediately close the area.  

 Label the area as “Area under Fumigation” so that nobody enters the room.  

 Keep the room under fumigation for a minimum of 8-12hrs.  

 Defumigate the room by putting on the A/C unit.  

 

4.4.3. Sterilization of Laminar air flow chamber and glass wares:  

1. Sterilization of Laminar air flow chamber:  

The laminar air flow chamber is a device which is used for sterilization. This 

reduces the possibility of contamination while working with cultures of fungi inside a 

laminar air flow chamber. The working area was cleaned by using 100% 26 alcohol and 

cotton. After this, UV radiation is providing for 15 minutes for sterilizing the environ-ment. 

 2. Sterilization of glass wares:  

Glass wares such as test tubes, petri-dishes etc. were sterilized using hot air oven. 

Electric hot air sterilizing oven was turned on and pre-heated to 1600C. Using a soft, non-

abrasive cloth, anti-bacterial dish soap and warm water gently clean the petri-dishes and 

dried with a soft non-abrasive dry cloth. Then the petridishes were wrapped using clean 

papers and they were kept in the oven at 1600C for 2 hours to be sterilized 
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4.4.4. Surface sterilization procedure: 

  Samples of root and stem having 1cm length and leaf having 1cm2 size were 

sterilized using 0.1% HgCl2 (Mercury chloride) for four minutes, rinsed with distilled 

water for 3-4 times and dried between sterilized filter papers. 

 

 4.4.5. Preparation of Potato Dextrose Agar (PDA): 

      Type: General purpose medium  

                     Composition  

                         1) Potato               - 250g/L 

                         2) Agar                 - 15g/L  

                         3) Dextrose           - 20g/L  

                        4) Distilled water  -1000 Ml 

 

 Peel the potatoes, cut them in to small pieces and boil for 250ml water. 

 Mash the boiled potatoes to form a thick paste.  

 Stain through the cheese cloth.  

 Add dextrose and agar and water to make up to a liter.  

 A pinch of Ampicillin (an antibacterial medicine) was added to the medium to 

prevent the bacterial growth and make this medium devoid of contamination.  

 Then prepared standard PDA was poured in two 500ml conical flask and sterilize 

(1210C, 15 psi for 15min.) in pressure cooker. 
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4.4.6. Agar plate method (PDA method): 

  25ml of sterilized PDA medium was poured in a pre-sterilized borosil glass petri-

plate. The petri-plates were allowed to cool temperature 33±0C; then 1cm sized stem 

segments and 1cm2 sized leaf segment were plated at equal distances in triplicates and 

unsterilized sample segments were kept as control under aseptic condition. Plates were 

incubated at room temperature for 7 days. On eighth day the samples were examined under 

microscope for the preliminary determination of endophytic fungi. Endophytic fungi found 

on each sample were isolated and identified, brought into pure culture and maintained on 

PDA plates.  

4.4.7. Identification of Endophytic fungi  

Generally, identification of fungal species is based on morphological characters of 

the colony and microscopic examinations. The colony which includes the circumstances of 

the colony, the presence or absence or aerial mycelium, the colour, wrinkles, furrows and 

any other pigment production were the macro morphological characters were evaluated. 

Although more rapidly available, microscopy and culture remain commonly used and 

essential tools for identification of fungal species. 

 4.4.8. Staining technique for fungi  

` Inoculating needles were flamed over the burning Bunson burner. Then using a 

needle, a small portion of the growth on the culture plate was transferred on the culture 

plate, into it a drop of Lactophenol in cotton blue on the slide. The specimen was teased 

carefully using inoculating wire loops to avoid squashing and overcrowding of the 

mycelium. The specimens are observed under the microscope for microscopic 

identification. 
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OBSERVATION 

        The effect of soil pollution on the morphology of the selected Bambusa vulgaris 

growing at polluted site (near to diesel engine) is compared with the Bambusa vulgaris 

growing at the control site.  

            Morphological changes: The changes which were observed in the selected plants 

under study is been tabulated below in table 1. In general, the leaves showed slight 

variations in their morphological characters. 

 

 

 

                              Plate 5: showing the area of the leaf of bambusa vulgaris 

From non-polluted and polluted site 
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Plate: 6 (A&B):  Showing the length and breadth of leaf of bambusa vulgaris in polluted 

zone 
           

 
 
Plate 7 (C&D):  Showing the length and breadth of leaf of bambusa vulgaris in non-
polluted zone 
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Table 1: Leaf Characteristics of Bambusa vulgaris 

  SL 

 NO 

 

PLANT SPECIES 

 

  SITES 

LENGTH 

OF           

LEAF (Cm) 

BREADTH 

OF 

LEAF(Cm) 

AREA OF 

LEAF  

      (Cm2) 

 

    1 

 

Bambusa Vulgaris 

P 21 3.8 68 

NP 31 4.4 109 

(P: Polluted and NP: None Polluted) 

 

When compared the length, breadth, area of leaf from polluted sites, having 21cm, 

3.8cm, and 68cm2 respectively. But the leaf collected from controlled site having length, 

breadth, area is 31, 4.4, 109 cm2. So, the above table showing that, there is a considerable 

variation in length, breadth, area of the leaves when compared each other. (Table 1) 

5.1 MICROSCOPIC OBSERVATIONS 

5.1.1 LEAF ANATOMY 

  Monocot leaves are said to be isobilateral leaves as both the surface of the leaves are 

with the same coloration. The leaves are usually ribbon like with parallel venation. Parallel 

venation means veins in the leaf are arranged in a parallel fashion. Epidermis is the 

uppermost layer or adaxial layer of a monocot leaf. It is a single-layered tissue made of 

cubical or barrel-shaped cells and is arranged closely with no intercellular spaces in 

between them. Chloroplasts cannot be seen in these cells. The upper epidermis on its outer 

surface is covered by a thin cuticle. 

Equal number of stomata are present on both the surfaces of the epidermis. Such a condition 

is usually described as Amphi stomatic condition, the two guard cells which form the stoma 

are dumbell shaped. A few cells present in the upper epidermis are enlarged to form motor 

cells called bulliform cells.  
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These cells are larger when compared to other epidermal cells. These cells will be helpful 

for the monocot leaves to roll over themselves to reduce the surface area exposed to 

sunlight and become shrunken during hot midday time to reduce the rate of transpiration. 

It is an adaptation for monocot leaves to check the loss of water from their surface during 

the hot summer time. 

The tissue of monocot leaf consists of only one kind of cells that are small oval or 

spherical or irregular shaped spongy parenchyma cells with chloroplasts and chlorophyll. 

This tissue is present in 6-7 layers with large intercellular spaces in between them. In 

between the epidermal layers of the monocot leaf, undifferentiated spongy parenchyma 

with fewer chloroplasts and chlorophyll is present and thus both the surfaces of the leaf 

appear to be with the same coloration. This mesophyll tissue is concerned with the 

photosynthesis process in the leaves of these plants. Vascular bundles represent the veins 

of the leaves. Vascular bundles are present within the mesophyll tissue. Each vascular 

bundle consists of xylem and phloem complex tissues surrounded by bundle sheath. The 

bundle sheath layer of the vascular bundle is made of large barrel-shaped endodermal cells. 

The cells of this layer usually store starch granules. Hence it is also known as a starch 

sheath. Xylem tissue of a vascular bundle is present towards the upper epidermis of the 

leaf. Xylem complex is a complex permanent tissue consists of xylem tracheids, xylem 

vessels, xylem parenchyma, and xylem fibers. Xylem in a vascular bundle is concerned 

with the conduction of water and dissolved minerals. Phloem tissue in the vascular bundle 

is present towards the lower epidermal surface of the leaf. Phloem is a complex permanent 

tissue made of sieve tubes and sieve pores, companion cells, phloem parenchyma, and 

phloem fibers. Phloem tissue in a leaf is concerned with the conduction of dissolved food 

materials (usually glucose). 

Vascular bundles in monocot leaf are described as conjoint, collateral, and closed with 

endarch xylem. As xylem and phloem are present on the same radius, the vascular bundle 

is described as conjoint and collateral. The vascular bundle is described as closed as there 

is no cambium present between xylem and phloem. 
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 Xylem vessels are of two types-protoxylem and metaxylem vessels. Protoxylem vessels 

are newly formed young vessels while metaxylem vessels old and well-matured vessels. 

Xylem bundles are described here as endarch because the protoxylem vessels face towards 

the upper epidermis. Vascular bundles help in the transport of water, dissolved minerals, 

and dissolved food materials in the leaf. Vascular bundles also provide strength to the leaf. 

Below the undifferentiated mesophyll tissue a single layer of epidermis is present. 

This layer is present on the abaxial (lower) surface of the leaf. The cells are cubical or 

barrel in shape and are arranged very closely without any intercellular spaces. The same 

number of stomata is present as in the upper epidermis. Through the stomata of the upper 

and lower epidermis exchange of gases occur through the diffusion method. Just above the 

stomata of the epidermal layers of both the surfaces of the leaf, air cavities or sub-stomatal 

chambers are present. These air cavities act as a storehouse of carbon dioxide or water 

vapor till they diffuse. 

In leaf, anatomy showing some variations when compare the leaf of non-polluted 

and polluted site. Leaf from controlled sites, had well-developed xylem, phloem, 

mesophyll tissue, single layer of barellel shaped upper and lower epidermis with adequate 

chlorophyll content having very clear vascular bundle. However, leaves from polluted sites 

revealed reduced cell size due to pollutants. Black dot like substances were appeared inside 

the upper and lower epidermis of leaves with single layer of epidermis but the cell size is 

reduced and the cells are look like crushed, whereas mesophyll tissue, vascular tissue are 

also be crumbled (Plate 9). The micrometer analysis showing that, Upper epidermis, lower 

epidermis, mesophyll tissue, vascular bundle thickness in the leaf from controlled sites are 

4.9 µm, 5.12 µm, 35.02 µm, 19.02 µm respectively. But in the leaf collected fom the 

polluted sites, thickness of upper epidermis, lower epidermis, mesophyll tissue, vascular 

bundle is 4.8 µm, 4.8 µm, 32.00 µm, 16.02 µm respectively (Table 2). 
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Plate 9: Leaf T. S. of Bambusa vulgaris from non-polluted and polluted sites 

 

 

Table 2: Average thickness in micrometers of anatomical parts of leaf of Bambusa vulgaris 

 

SL. 

NO. 

 

PARTS 

 

SITE 

 

SIZE(µm) 

 

     1 

 

Upper Epidermis 

 

NP 

 

4.9 

 

P 

 

4.8 

    

     2 

 

Mesophyll Tissue 

 

NP 

 

35.02 

 

P 

 

32.00 

 

     3 

 

Vascular Bundle 

 

NP 

 

19.02 

 

P 

 

16.05 

 

 4 

 

Lower Epidermis  

 

NP 

 

5.12 

 

P 

 

4.8 

(NP: None polluted, P: Polluted All measurements were made in micrometers.) 
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5.1.2 STEM ANATOMY 

 

The Monocot Stem has Vascular Bundles near the outside edge of Stem. Vascular 

Bundles are scattered in Parenchymatous ground Tissue. There is no pith region in Monocots. 

Epidermis is the outermost layer made up of single layer of tightly packed parenchymatous cells 

with thick cuticle. There are no epidermal outgrowths. A few layers of sclerenchymatous cells 

lying below the epidermis constitute the hypodermis, gives mechanical strength to the plant. 

Ground tissue is not differentiated into cortex, endodermis, pericycle and pith.  The ground tissue 

is represented by several layers of loosely arranged parenchyma cells enclosing prominent 

intercellular spaces. The ground tissue is meant for storage of food.  Vascular bundles are 

scattered in the parenchymatous ground tissue. Towards the center, the bundles 

are comparatively large in size and loosely arranged. Each vascular bundle is surrounded by a 

sheath of sclerenchymatous fibres called bundle sheath. The vascular bundles are conjoint, 

collateral, endarch and closed.   

The phloem in the monocot stem consists of sieve tubes and companion cells. Phloem 

parenchyma and phloem fibers are absent. The two metaxylem vessels are located at the upper 

two arms and one or two protoxylem vessels at the base. (Y shaped). In a mature bundle, the 

lowest protoxylem disintegrates and forms a cavity known as protoxylem lacuna. 

When compare the stems of bamboo vulgaris from polluted site and non-polluted sites, 

thre is no considerable changes. But there is change in the colour of stems. Dark green coloured 

stem in the bambusa vulgaris present in the controlled sites, but light green coloured stem present 

in bamboo from polluted site (Plate 10). There is considerable variation in stem anatomy. The 

cells are healthy, well developed, chlorophyll present in the ground tissue snd also in the 

epidermis. There is a single layer of barellel shaped epidermis, 2-3 layered hypodermis, with in 

the ground tissue vascular bundles are scattered. Well-developed xylem vessels and its 

components and also healthy and well-developed phloem. The thickness of cuticle, epidermis, 

vascular bundle in micrometer is 1.6 µm, 6.4 µm, 20.8 µm respectively but in the anatomy of 

stem showing epidermis, hypodermis, vascular bundles, ground tissue present. But the cells are 

crumbled, thickness of cells, cell layers reduced, and chlorophyll content is very low and only 

present traces of chlorophyll in epidermis. The thickness of cuticle, epidermis, vascular bundles 

in micrometer are .8 µm, 4.8 µm, 20.8 µm respectively. (Table 2) 

63 



 

 

 

 

 

             Plate 10: Stem collected from non-polluted and polluted sites 

 

 

                                              

 

    Plate 11: Stem T. S. of Bambusa vulgaris from non-polluted and polluted sites 

 

 

 

 

64 



 

 
 

 

 

 

 

Table 2: Average thickness in micrometers of anatomical parts of stem of Bambusa vulgaris  

                   

 

 

 

 

 

 

 

 

 

 

          (NP: Non-polluted, P: Pollueted All measurements were made in micrometers.)  

 

 
5.1.3 ROOT ANATOMY 

 

Rhizoderm is the outermost layer of parenchymatous cells without intercellular spaces. Stomata 

and cuticle are absent. Root hairs are always single celled. The cortex is homogenous, consists 

of oval or rounded loosely arranged parenchymatous cells. The function of cortical cells is 

storage. Endodermis is made up of single layer of barrel shaped parenchymatous cells. The radial 

and the inner tangential walls of endodermal cells are thickened with suberin. These thickenings 

are known as casparian strips. But these casparian strips are absent in the endodermal cells which 

are located opposite to the protoxylem elements. All the tissues present inside endodermis 

comprise the stele. Pericycle consist of single layer of parenchymatous cells found inner to the 

endodermis. Lateral roots originate from the pericycle. Vascular tissues are in radial 

arrangement. Xylem and phloem are separated by sclerenchymatous conjunctive tissue. Xylem 

shows exarch and polyarch condition.  Metaxylem vessels are generally circular in shape. The 

central portion is occupied by a large pith consist of thin walled parenchyma cells with 

intercellular spaces. These cells are filled with abundant starch grain.     
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SL 

No 

 

PARTS 

 

SITE 

 

SIZE (µm) 

 

1 

 

CUTICLE 

 

NP 

 

1.6 

 

P 

 

0.8 

 

2 

 

EPIDERMIS 

 

NP 

 

6.4 

 

P 

 

4.8 

 

3 

 

VASCULAR BUNDILE  

 

NP 

 

20.8 

 

P 

 

19.2 



 

 

 

 

 

 
               Plate 12: Root collected from non-polluted and polluted sites 

 

 

 

 
  Plate 13: Root TS of Bambusa vulgaris from non-polluted and polluted sites 
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Table 3: Average thickness in micrometers of anatomical parts of root of Bambusa 

vulgaris 

(NP: Non-polluted, P: Polluted All measurements were made in micrometers.) 

 

 

 

When compare the roots of bambusa vulgaris from polluted site and non-polluted sites, 

thre is no considerable changes. But there is change in the colour of roots. Dark brown coloured 

root in the bamboo vulgaris present in the controlled sites, but light brown coloured root present 

in bamboo from polluted site. The roots can grow in indefinite length, with lateral roots are 

present (Plate 12). There is considerable variation in root anatomy. The cells are healthy, well 

developed, chlorophyll present in the ground tissue and also in the epidermis. There is a single 

layer of barellel shaped epidermis, cortex with well-developed air chamber, with in the ground 

tissue vascular bundles are scattered. Well-developed xylem vessels and its components and also 

healthy and well-developed phloem. The thickness of epidermis, cortex, vascular tissue, 

endodermis in micrometer are 4.8 µm, 36.8 µm, 30.4 µm,9.6 µm respectively But in the anatomy 

of root showing epidermis, cortex, vascular tissue, endodermis present. (Table 3) 
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SL 

NO 

 

 

 

PART 

 

 

SITE 

 

 

 

SIZE (µm) 

 

1 

 

 

EPIDERMIS 

 

 

          NP 

 

4.8 

 

P 

 

3.2 

 

     2 

 

CORTEX 

 

 

NP 

 

 

36.8 

 

P 

 

32.00 

 

3 

 

 

VASCULAR TISSUE 

 

NP 

 

 

30.4 

 

P 

 

24.00 

 

    4 

 

ENDODERMIS 

 

 

NP 

 

 

9.6 

 

 

P 

 

6.4 



 

 

 

 

The roots have stunted growth and they are easily breakable and scrumbled. But the cells 

are crumbled, thickness of cells, cell layers reduced, and chlorophyll content is very low and only 

present traces of chlorophyll in epidermis. The thickness of epidermis, cortex, vascular tissue, 

endodermis in micrometer is 3.2 µm, 32 µm, 24 µm, 6.4 µm respectively (Table 3). 

 

 

5.2. ISOLATION AND IDENTIFICATION OF ENDOPHYTIC FUNGI  
 

Isolation of endophytic fungi from the controlled and polluted soil. Endophytic 

fungi are identified by their colour and morphology of colonies formed under aseptic 

condition. Soil in the control plate showed the presence of black, creamy white coloured, 

Olivaceous green fungal colonies. The black mold fungus Aspergillus niger van Tieghm. 

forms the black coloured surface colonies. Creamy coloured colonies formed by the 

Fusarium oxysporum Schlecht. emend. Snyder and Hanse. Olivaceous green fungal 

colonies produced by. Penicillium sclerotigenum 

 

Soil from polluted site showing black coloured, yellow green coloured, Blue-green 

to gray-coloured colonies. The black mold fungus Aspergillus niger van Tieghm. forms the 

black coloured surface colonies.The yellow green coloured colonies produced by 

Aspergillus flavus. Blue-green to gray-coloured colonies produced by Aspergillus 

fumigatus. 
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                     Plate 14: PDA Method: [A] non-polluted [B] Polluted 
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                       Table: 4 Names of fungal colonies and their frequencies 

 

                   SITES 

 

SPECIES 

 

 

FREQUENCY OF 

COLONIES 

 

 

 

 
NON-POLLUTED SOIL 

SAMPLE 

 

 

 

 

Aspergillus Niger                    75% 

Fusarium 

oxysporum  

                  20% 

 

 

Penicillium 

sclerotigenum 

 
                    15% 

 
 

POLLUTED SOIL SAMPLE 

 

Aspergillus Niger  

75% 

 

Aspergillus flavus 

 

23% 

Aspergillus 

fumigatus 

                    20% 
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Plate 15:  PIE diagram of fungal colonies and their frequencies in controlled sites and 

polluted sites 
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CONTROLLED SITE

A.niger F.oxysporum p.sclerotigenum

POLLUTED SITE

A.niger A.flavus A.fumigatus



 

 

5.2.1 FUNGUS ISOLATED FROM NON-POLLUTED SITE 

Aspergillus niger van Tieghem 

                                                     Kingdom  : Fungi 

          Division   : Ascomycota 

                                                    Class         : Eurotiomycetes 

                                                    Order        : Eurotiales 

                                                    Genus       : Aspergillus 

                                                    Species     : niger 

MORPHOLOGICAL CHARACTERISTIC FEATURES 

 A .niger, the fungal species which occur in almost all petri-plates, their conidia which          

         is wrinkled and is globular in shape. 

 Their diameter of the vesicle is 20-73mm. 

 One of defining characteristic feature of this genus is the aspergillum-like-spore 

bearing structure. 

 There is a single Conidiophore that produces perpendicular to the long axis of the cell. 

 The erect hyphal branch developing from the foot cell is the conidiophores, which 

enlarge as its apex to form a rounded and club shaped vesicle. 

 The fertile area of the vesicle give rise to a layer of cells called Phialides that produce 

long chains of Mitotic spores called Conidia or Conidiophores. 

 The size and arrangement of conidial heads as well as the colour of the spores they bear 

are important identifying features. 

 Aspegillus niger the group which bear Black spores. 

 Surface colony is black. 

 Hyphae are septate, hyaline. 

 Conidiophores are hyaline and smooth walled. 

 Conidia are globose, brown to black coloured.  
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Fusarium oxysporum f. sp. cubense 

                                                 Kingdom : Fungi 

                                                 Phylum    : Ascomycota 

                                                 Class        : Sordariomycetes 

                                                 Order       : Hypocreales 

                                                 Family      : Nectriaceae 

                                                 Genus       : Fusarium 

                                                 Species      : oxysporum 

 

MORPHOLOGICAL CHARACTERISTIC FEATURES 

 F. oxysporum is a common inhabitant on soil and produces three types of asexual 

spores; macroconidia, microconidia and chlamydospores 

 The species which produce floccose (cottony) colonies with the aerial mycelia. 

 Hyphae are hyaline and are septate. 

 Conidiospores are rather short and usually non-septate. 

 Conidiospores having inflated appearance. 

 Conidiospores are produced singly as they extended from the aerial mycelium 

 Microconidia are usually non-septate, ellipsoidal and straight or slightly curved in 

shape. 

 Macroconidia are fusiform in shape and have slightly pointed aoical tip with a basal 

foot cell at the opposite end. 

 The chlamydospores are globose with thick walls, they have either formed from 

hyphae or by the modification of hyphal cells. 

 Macroconidia consist of 3-5 compartments or divisions. 

 Smooth walled terminal or intercalary chlamydospores may be found. 
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Penicillium sclerotigenum 

                                                   Kingdom : Fungi 

                                                    Phylum    : Ascomycota 

                                                    Class        : Eurotiomycetes 

                                                    Order       : Eurotiales 

                                                    Family      : Trichocomaceae 

                                                   Genus        : penincilium  

                                                    Species      : Sclerotigenum 

 

MORPHOLOGICAL CHARACTERISTIC FEATURES 

 The conidiophores are simple or branched and are terminated by clusters of flsak  

        shaped phialides. 

   Colonies are usually fast growing, in shades of green, a dense felt of conidiophores. 

 Conidiophores are hyaline. 

 The spores are produced in dry chains from the tip of the phialides. 

 Branching is an important feature in penincilium.  

 

 

 

 

 

74 

 

 



 

 

 

 

                        

 

Plate 16:  Fungus isolated from non-polluted site 
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5.2.2 FUNGUS ISOLATED FROM POLLUTED SITE 

 

Aspergillus niger van Tieghem 

 

                                                     Kingdom : Fungi 

                                                     Division   : Ascomycota 

                                                     Class        : Eurotiomycetes 

                                                     Order       : Eurotiales 

                                                     Family      : Trichocomaceae 

                                                     Genus       : Aspergillus 

                                                     Species      : niger 

 

MORPHOLOGICAL CHARACTERISTIC FEATURES  

 

 niger, the fungal species which occur in almost all petri-dishes.  

 Their diameter of the vesicle is 20-73mm.  

 One of the defining characteristic feature of this genus is the aspergillum-like-spore bearing 

structure.  

 There is a single conidiophore that produces perpendicular to the long axis of the cell.  

 The erect hyphal branch developing from the foot cell is the conidiophores, which enlarge as 

its apex to form a rounded and club shaped vesicle.  

 The fertile area of the vesicle give rise to a layer of cells called Phialides that produce.  

 Long chains of Mitotic spores called conidia or conidiophore.  

 The size and arrangement of conidial heads as well as the colour of the spores they bear are 

important identifying features.  

 Aspergillus niger the group which bear Black spores.  

 Surface colony is black.  

 Hyphae are septate, hyaline.  

 Conidiophores are hyaline and smooth walled.  

 Conidia are globose to brown to black coloured.  
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Aspergillus flavus Link 

 

                                                     Kingdom : Fungi 

                                                     Division   : Ascomycota 

                                                     Class        : Eurotiomycetes 

                                                     Order       : Eurotiales 

                                                     Family      : Trichocomaceae 

                                                     Genus       : Aspergillus 

                                                     Species      : flavus 

 

MORPHOLOGICAL CHARACTERISTIC FEATURE  

 Young the conidia of A. flavus appear yellow green in colour.  

 As the fungus ages the spores turn a darker green.  

 Aspergillus flavus can also be pathogenic on several plant and animal species, including 

humans and domestic animals.  

 Conidiophores are heavy walled, uncoloured coarsely roughened, usually less than 1 mm 

in length.  

 Vesicles are elongate when young, later becoming suboblong or globose, varying from 

10 to 65 mm in diameter.  

 Phialides are uniseriate or biseriate.  

 The primary branches are up to 10 mm in length and the secondary up to 5 mm in length.  

 Conidia are typically globose to subglobose, conspicuously echinulate, varying from 3.5 

to 4.5 mm diameter.  
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Aspergillus fumigates Fresenius 

 

                                                    Kingdom : Fungi 

                                                     Division  : Ascomycota 

                                                     Class       : Eurotiomycetes 

                                                     Order      : Eurotiales 

                                                     Family     : Trichocomaceae 

                                                     Genus      : Aspergillus 

                                                     Species     : fumigates 

 

MORPHOLOGICAL CHARACTERISTICS FEATURES  

 The fungi can survive at 37 degree Celsius while the conidia can survive temperatures 

          up to 70 degree Celsius.  

 They produce spores of between 200 and 400 mm.  

 The colour of the stipes is gray around the apex.  

 They have a small, columnous globose.  

 The surface of the conidia is either smooth or spinose.  
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Plate 17:  Fungus isolated from polluted site 
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DISCUSSION 

         Diesel oil is a complex mixture of hydrocarbons with an average carbon number of 

C8-C26. The majority of components consist of  alkanes,  both  straight  chained  and  

branched  and  aromatic compounds including mono, di- and polyaromatic hydrocarbons. 

Diesel oil generally contaminates the top few metres of soil (surface soil) and 

contamination is not uniform throughout the site.  At concentrations below this phytotoxic 

level, the development of plants grown in diesel oil contaminated soil differs greatly from 

plants grown in uncontaminated soil. Tolerance of  plants  to  diesel  oil  and  ability  to  

germinate  in  diesel  oil contaminated soil varied greatly between plant species as well as 

within plant species. Diesel oil is  a  complex  mixture of  petroleum  hydrocarbons 

containing  everything  from volatile, low molecular weight alkanes which are potentially 

phytotoxic, to naphthalenes which may interfere with  normal plant development.  In 

addition, polycyclic aromatic hydrocarbons (PAHs) found in  diesel  spills  are  of  

particular  concern  as  they  are  relatively  persistent  in  the  soil environment.   Of the 

medium distillate fuel oils used in terrestrial situations, diesel oil has the highest content 

of PAHs and total aromatics which makes it increasingly more difficult to remediate. 

Within the framework of a larger study on diesel oil phytoremediation, attention was given 

to the effect of diesel oil on plant performance.  This included the effect of diesel  oil ,  

contaminated  soil  and  changes  in  plant  leaf, stem, root  morphology, anatomy, 

mycoflora in the soil  observed  in  the  presence  of  diesel. The overall heights of plants 

grown in diesel oil contaminated soil were stunted compared to control plants grown in 

uncontaminated soil. This effect cannot be attributed directly development was impaired 

by the presence of diesel. An experimental system was set up which enabled the pattern of 

root development of selected plant species to be followed in a model soil system 

contaminated with diesel oil.  Initial observations indicate plant roots avoid diesel oil 

contaminated areas completely if they have uncontaminated soil to grow into. If there is 

no available uncontaminated soil, roots will grow through contaminated regions until they 

find an area of uncontaminated soil.  However, at lower contamination levels (up to 10g 

diesel/kg soil) roots will enter the contaminated area after an acclimation period.  
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 This observation is also seen with concentrated patches of diesel oil.    Once the majority 

of the surrounding uncontaminated soil has been utilised, the roots begin to move into the 

contaminated patch.  This suggests that degradation of diesel oil may be enhanced by the 

action of rhizosphere microorganisms. However, some hidden injury or physiological 

disturbance might have occurred which caused reduction in morpholo-gical and anatomical 

characters of all the plants  

 Length, breadth and area of leaves of the species Bambusa vulgaris is measured.  

The leaves which were collected from a polluted area near to diesel engine showed 

reduction in all the parameters investigated. Leaves of all the selected showed significant 

reduction in different leaf variables in the polluted environment in comparison with clean 

atmosphere. Morphology of the roots from polluted and controlled site also shows 

variation. The roots from the controlled site is more healthy but in the case of roots drom 

the polluted site near to diesel engine are not healthy, quickly break off and wither 

In leaf, anatomy showing some variations when compare the leaf of non-polluted 

and polluted site. Leaf from controlled sites, had well-developed xylem, phloem, 

mesophyll tissue, single layer of barellel shaped upper and lower epidermis with adequate 

chlorophyll content having very clear vascular bundle. However, leaves from polluted sites 

revealed reduced cell size due to pollutants. Black dot like substances were appeared inside 

the upper and lower epidermis of leaves with single layer of epidermis but the cell size is 

reduced and the cells are look like crushed, whereas mesophyll tissue, vascular tissue are 

also be crumbled. The micrometer analysis showing that, Upper epidermis, lower 

epidermis, mesophyll tissue, vascular bundle thickness in the leaf from controlled sites are 

4.9 µm, 5.12 µm, 35.02 µm, 19.02 µm respectively. But in the leaf collected fom the 

polluted sites, thickness of upper epidermis, lower epidermis, mesophyll tissue, vascular 

bundle is 4.8 µm, 4.8 µm, 32.00 µm, 16.02 µm respectively. 
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When compare the stems of Bambusa vulgaris from polluted site and non-polluted sites,thre is 

no considerable changes. But there is change in the colour of stems. Dark green coloured stem 

in the Bambusa vulgaris present in the controlled sites, but light green coloured stem present in 

bamboo from polluted site. There is considerable variation in stem anatomy. The cells are 

healthy, well developed, chlorophyll present in the ground tissue snd also in the epidermis.  

 

             There is a single layer of barellel shaped epidermis, 2-3 layered hypodermis, with in the 

ground tissue vascular bundles are scattered. Well-developed xylem vessels and its components 

and also healthy and well-developed phloem. The thickness of cuticle, epidermis, vascular 

bundle in micrometers are 1.6 µm, 6.4 µm, 20.8 µm respectively but in the anatomy of stem 

showing epidermis, hypodermis, vascular bundles, ground tissue present. But the cells are 

crumbled, thickness of cells, cell layeres reduced, and chlorophyll content is very low and only 

present traces of chlorophyll in epidermis. The thickness of cuticle, epidermis, and vascular 

buncles in micrometer are .8 µm, 4.8 µm, 20.8 µm respectively. 

 

               When compare the roots of  Bambusa vulgaris  from polluted site and non-polluted 

sites, thre is no considerable changes. But there is change in the colour of roots. Dark brown 

coloured root in the bamboo vulgaris present in the controlled sites, but light brown coloured 

root present in bamboo from polluted site. The roots can grow in indefinite length, with lateral 

roots are present. There is considerable variation in root anatomy. The cells are healthy, well 

developed, chlorophyll present in the ground tissue snd also in the epidermis. There is a single 

layer of barellel shaped epidermis, cortex with well-developed air chamber, with in the ground 

tissue vascular bundles are scattered. Well-developed xylem vessels and its components and also 

healthy and well developed phloem. The thickness of epidermis, cortex, vascular tissue, 

endodermis in micrometer are 4.8 µm, 36.8 µm, 30.4 µm,9.6 µm respectively But in the anatomy 

of root showing epidermis, cortex, vascular tissue, endodermis present. The roots have stunted 

growth and they are easily breakable and scrumbled. But the cells are crumbled, thickness of 

cells, cell layeres reduced, and  
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chlorophyll content is very low and only present traces of chlorophyll in epidermis. The thickness of 

epidermis, cortex, vascular tissue, endodermis in micrometers is 3.2 µm, 32 µm, 24 µm, 6.4 µm 

respectively. Soil in the control plate showed the presence of black, creamy white coloured, 

Olivaceous green fungal colonies. The black mold fungus Aspergillus niger van Tieghm. Forms 

the black coloured surface colonies. Creamy coloured colonies formed by the Fusarium 

oxysporum Schlecht. Emend. Snyder and Hanse. Olivaceous green fungal colonies produced 

by. Penicillium chrysogenum Thom. Soil from polluted site showing black coloured, yellow 

green coloured, Blue-green to gray-coloured colonies. The black mold fungus Aspergillus niger 

van Tieghm. Forms the black coloured surface colonies.The yellow green coloured colonies 

produced by Aspergillus flavus. Blue-green to gray-coloured colonies produced by Aspergillus 

fumigatus. 
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SUMMARY 

 

    Soil pollution is defined as the presence of toxic chemicals (pollutants or 

contaminants) in soil, in high enough concentrations to pose a risk to human health and/or 

the ecosystem. In the case of contaminants which occur naturally in soil, even when their 

levels are not high enough to pose a risk, soil pollution is still said to occur if the levels of 

the contaminants in soil exceed the levels that should naturally be present. Oil 

spills include any spill of crude oil or oil distilled products (e.g., gasoline, diesel fuels, jet 

fuels, kerosene, Stoddard solvent, hydraulic oils, and lubricating oils) that can pollute the 

surface of the land, air, and water environments.  

 

      Oil Spill Pollution refers to the negative polluting effects that oil spills have on the 

environments and living organisms, including humans, due to the environmental discharge 

of various organic compounds that make up crude oil and oil distillate products, the 

majority of which include various individual hydrocarbons. Hydro-carbons are made 

exclusively from carbon and hydrogen atoms which bind together in various ways, 

resulting in paraffins (or normal alkanes), isoparaffins (isoalkanes), aromatics (such as 

benzene or various PAHs), cycloalkanes and unsaturated alkanes (alkenes and alkynes). 

Other individual compounds that are present in crude oil and oil discharges include (apart 

from carbon and hydrogen) sulfur, nitrogen and/or oxygen atoms. 

 

     In the present study leaf, stem, root anatomical, morphological studies in  

Bambusa vulgaris and microflora analysis subjected to soil pollution exhibits significant 

variations. There was disintegration and morphological change of epicuticular wax in both 

upper and lower epidermis of the plant. It was observed that soil pollution brought from 

diesel oil demonstrated checked modification in epidermal attributes, with diminished 

number of stomata, vascular bundle size, epidermal cells and mesophyll tissues also 

showed variations in leaves samples, also showing the variation in cuticle, epidermis, 

vascular bundle of shoot and root and also show variation in thuickness of cells and cell 

layers, chlorophyll amount also changes found in micoflora. Some  
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physiological unsettling influence may have happened which brought on decrease in 

morphological and anatomical characters of plant species. Leaf length is viewed as one of 

the qualities, which mirror the capacity of plant to ensure against stress. In this manner its 

use as biomarkers of pollution. 

 

Plants are the primary and most obvious receptors of a large number of pollutants. 

Crude oil reduces plant growth, reduces germination, and causes a decrease in productivity 

due to toxic effects on seeds. Studies have demonstrated that oil can poison plants, and 

toxic chemicals in oil can prevent photosynthesis the process by which plants convert 

sunlight to food. If oil seeps into the soil, it could cover the plant's roots, preven-ting them 

from absorbing oxygen. Oil consists of many different toxic compounds. These toxic 

compounds can cause severe problems like altered gene expression, cellular metabolism, 

changes in growth rates, crop yields, stunted growth, immune system effects, and even 

death. Thus, the observation of this study suggest that plants have the potential to serve as 

excellent quantitative and qualitative index of pollution since bio monitoring of plants is 

an important tool for the evaluation of impact of soil pollution. 

 

Endophytic fungi present in soil sample from controlled sites are Aspergillus niger 

van Tieghm, Fusarium oxysporum Schlecht. emend. Snyder and Hanse, Penicillium 

sclerotigenum and fungi isolated from pollutedsoil sampole are Aspergillus niger, A. flavus 

and A. fumigatus 
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CONCLUSION 

 

         The present study brings out the effects of soilpollution on a plant bamboo vulgaris 

Leaves ,stem, root and soil of the above species were collected from polluted sites as well 

as from non-polluted sites and observed a significant variations in the morpho-logical, 

anatomical and micofloral features.  

         Significant reduction in length and area of leaflets and anatomical variation like 

change in the thickness of cell layeres, size, shape of the cells of leaf, stem, root. 

Occurrence have been drastically altered, and variation in microflora also was recorded.  

Thus, the information generated under study helped to understand how pollution affect 

morphology, anatomy of  Bambusa vulgaris and microflora associated with it.  Thus it is 

concluded that, for the betterment of environment and human being there is a need to 

develop green belt in the study area.  

         Since earth is the only object known in the entire universe capable of supporting life, 

the supporting property of our planet is due to its unique atmosphere. Today there is 

overwhelming evidence that various pollutants affect and will continue to affect life on this 

planet. It has become increasingly evident that soil pollution is affecting the vegetation to 

the same extent as it is affecting human and animal lives. Because of the differential 

sensitivity of plant taxa to different soil pollutants, it has also been possible to use Bambusa 

vulgaris as bio-monitor of soil pollution and that has added an entirely a new dimension to 

soil pollution studies. 

         Endophytic fungi present in soil sample from controlled sites are Aspergillus niger 

van Tieghm, Fusarium oxysporum Schlecht. emend. Snyder and Hanse, Penicill-ium 

sclerotigenum and fungi isolated from pollutedsoil sampole are Aspergillus niger, A. 

flavus, A. fumigatus 
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