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Abstract 
 

To determine the antibiotic susceptibility pattern of Pseudomonas spp isolated from waste water and waste water sediments 

from abattoir in Makurdi metropolis. The samples of waste water and sediment were collected from drainage point 

immediately after slaughter slab where the solid parts (sludge) of the sewage was separated with the use of wire mesh to 

enable free settling sediment. Thus, samples were collected from four different abattoirs, located in North Bank, Wurukum, 

Modern Market and Wadata area of Makurdi metropolis. All the pseudomonas spp were examined microscopically. The 
samples were analyzed morphologically, culturally, and further subjected to biochemical tests using standard 

microbiological practices. The Kirby Bauer disc diffusion method was used for antibiotic susceptibility testing. From the 

quantification of isolates, the colony count ranged between 35.2x 103Cfu/ml to 2.0x109 Cfu/ml in waste water sediments. 

Colony count in waste water ranged from 7.2×103 Cfu/ml to 1.6×109 cfu/ml. The isolates showed resistance to Augumentin, 

Chloramphanicol, Septrin, while Ciprofloxacin, Amoxalin, Streptomycin and perfloxacin were highly susceptible and 

effective. Adequate treatment of waste water from this abattoir is highly recommended to reduce contamination and spread 

of infections leading to public health hazards. Furthermore, The butchers, sellers and workers in abattoirs should be 

educated on the importance of practicing good personal and environmental hygiene so to stop the spread of these 

organisms. 
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Introduction 

The high levels of harmful organisms found in human 

and animal waste, as well as the risk of disease transmission, 

are the key health concerns. Because of the microbial growth 

caused by the decomposition of animal remains, animal 

wastes pose a threat to the quality of the nearby groundwater 
(Padilla-Gasca et al., 2011). Wing and Wolf (2000) reported 

a decline in people' health and quality of life near intensive 

livestock operations and suggested that neighbours of an 

intensive swine farm frequently experienced respiratory and 

mucous membrane consequences. Activities related to 

abattoirs have also been linked to illnesses like pneumonia, 

diarrhoea, typhoid fever, asthma, diseases of wool sorters, 

respiratory illnesses, and chest illnesses (Bello and Oyedemi, 

2009). It is generally acknowledged that Nigeria's waste 

management laws, when they exist, are dispersed, sparse, 

out-of-date, and ineffective. It is utterly ineffective, 
unenforceable, and ineffective in preventing the careless 

disposal of garbage into the environment.  

Pseudomonas spp. are Gram-negative aerobic bacilli 

that are extensively distributed in nature and are especially 

prevalent in soils and water.They are opportunistic pathogens 

that are everywhere, likely as a result of their low nutritional 

needs and tolerance for challenging physical and chemical 

conditions, such as stream temperatures and sanitizers, as 

well as their limited nutritional requirements. A wide range 

of antibiotic classes, including as 3rd amd 4th -generations 

cephalosporins (cefepime) and carbapenems (imipenem and 

meropenem), are resistant to Pseudomonas aeruginosa (Black 

et al., 2002). Numerous studies have attempted to describe 

this resistance and set risk parameters in response to the 

introduction of Pseudomonas spp. strains with varying and 

increasing levels of antibiotic resistance. This phenomenon is 

intricate and has a variety of reasons, some of which have 
already been identified and others of which still require 

clarification. Pseudomonas species can spread more easily in 

aquatic environments, and their correlation with conditions 

that favour antibiotic multi-resistance can have major 

negative effects on public health. Both conventional 

medicinal procedures and animal growth promotion have 

employed antibiotics (Kelly et al., 2013). The resistance of 

harmful germs and their later transmission to humans through 

food are two effects of this widespread usage of antibiotics in 

animals.  (AHPA, 1998). 

For the survival of both humans and other biotic 

species, the environment is a crucial and essential element. 

Concern over environmental degradation brought on by 

pollution and the depletion of natural resources has grown 

over the past two decades. The environment has been 

exposed to both organic and inorganic pollutants as a result 

of human, agricultural, and industrial activity (Lim et al., 

2010).  
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A location designated as a "abattoir" by a regulatory 

body or authority is one where animals are slaughtered and 

inspected in a hygienic manner, and where meat products for 
human consumption are effectively preserved and stored 

(Odo et al., 2022). Due to the ongoing push to boost meat 

production in order to meet the population's protein needs, 

the leakage of wastewater, particularly from abattoirs, into 

the environment has grown recently. Due to the slaughter of 

animals and the cleaning of the slaughterhouse facilities and 

Meat Processing Plants (MPPs), the meat processing sector 

generates huge volumes of abattoirs wastewater (Bastillo-

Lecompte and Mehrvar, 2015).  

The broad consensus across the globe is that abattoirs 
cause environmental pollution through a variety of activities, 

either directly or indirectly (Adelegan, 2002). Typically, 

wastewater is not adequately treated before being released 

from abattoirs into ecosystems (Mittal, 2006; Arvanitoyannis 

and Ladas 2008). Consequently, there are grave risks to the 

safety and health of the environment, surface water quality, 

and other factors. The slaughterhouse industry in Nigeria is a 

significant sector of the livestock industry, providing 

approximately 150 million people with domestic meat 

supplies and employment possibilities (Nafaranda et al., 

2011). They are typically located close to water where 
various untreated waste streams are released (Adelegan, 

2002). and cause authorities to be concerned about public 

health. There are many factors that affect how wastewater 

effluents affect recipient water bodies' quality, including the 

volume of the discharge, the concentration of chemicals and 

microbes, and the makeup of the effluents (Akpan, 2004). 

High levels of biodegradable organic materials, suspended 

and colloidal debris, including lipids, proteins, and cellulose, 

are present in the wastewater from abattoirs (Caixeta et al., 

2002). The high levels of biochemical oxygen demand 

(BOD) and decreased dissolved oxygen caused by 

biodegradable organic matter in receiving waters result in 
intense competition for oxygen throughout the ecosystem, 

which is harmful to aquatic life. By encouraging the growth 

of algae, nutrient enrichment in receiving sensitive bodies of 

water can lead to eutrophication (called an algal bloom). 

Algae blooming and eventually collapsing might cause 

hypoxia/anoxia, which would cause fish populations to die 

off in significant numbers owing to a lack of dissolved 

oxygen in the water (Foroughi et al., 2010). These 

consequences include a detrimental influence on biodiversity, 

the potential extinction of vulnerable species, significant 

ecosystem changes, and a number of grave risks to human 
health. Environmental regulators are scrutinising the meat 

processing sectors more and more in an effort to lessen their 

impact on the environment (Padilla-Gasca et al., 2011). An 

essential element of the meat production chain that needs 

specific attention is the operation and treatment of abattoir 

effluents (Carlos-Hernandez et al., 2010).  Due to the high 

levels of organic material in these effluents, which are 

produced in large numbers during slaughtering and meat 

processing services related to cleaning equipment and related 

facilities, aquatic ecosystems can be badly contaminated. 

Processing methods for liquid residues combine physical-

chemical and biological treatments. While some of these 
pretreatment methods make use of conventional chemicals 

(based on sodium alkyl benzene sulphonate) and everyday 

sanitizers (like sodium hypo chlorate), others make use of 

biotechnological goods (like enzymes) (Pacheco, 2006). 

Similar to antibiotic resistance, the continued use of these 

cleaning agents may select for increasingly resistant germs, 

reducing membrane permeability and enzymatic inactivation 
of structures (Lourero et al., 2002).  

Materials and Methods 

Area of Study 

This study was conducted in Makurdi, Benue state 

capital which is located between latitude 7o41’N and latitude 

8o 28’E. The rainfall is bifocal (April- July and September to 
October) with a short spell sometimes in August (usually 

referred to as August break. This annual rainfall is between 

1000mm-1500mm. the vegetation of the area is guinea, 

savannah, river Benue divides the town into north and south 

banks, the mean annual temperature is about 26C while the 
relative humidity is between 60-80%. 

Sample Site and Sample Collection 

Samples of waste water and sediments were collected 

from four different abattoirs in Makurdi metropolis of Benue 
State. The samples of waste water and sediment were 

collected from drainage point immediately after slaughter 

slab where the solid parts (sludge) of the sewage was 

separated with the use of wire mesh to enable free settling 

sediment. The sediments and waste water were scooped 

using sterile hand towel and transfer into sterile sample 

bottles, labeled and transported to the laboratory for analysis.  

Materials Used 

Wire loop, swab stick, forceps, autoclave, microscope, 

weighing balance, test tubes, conical flasks, test tube racks, 

Aluminium foil, hand gloves, Pressure cooker, sterile sample 

bottle, Petri-dishes, glass shoes, distilled water, foil paper, 

cotton wool, media (nutrient agar, cetrimide, cled), marker, 

white tape, pipette, Reagents (Lugol's iodine, crystal violet, 

normal saline, safranin, peptone water, antibiotic disc. 

Identification of Bacterial Isolates 

All the pseudomonas spp bacteria were examined 

microscopically. They were later referred to appropriate 

genus and species following various morphological and 

biochemical tests (Lescott et al., 2008) 

Gram Staining  

This is done to distinguish between gramme positive 

and gramme negative organisms. The bacteria colonies were 
collected using a wire loop, spread on a grease-free glass 

slide, let air dry, and then fastened with heat. The smear was 

then quickly wiped off with distilled water after being treated 

with Lugol's iodine for 30 to 60 seconds. The water was 

turned on, droplets of crystal violet stain were applied to the 

smear for 30 to 60 seconds, and then the stain was quickly 

removed with distilled water. The water was turned off, 

Lugol's iodine was applied to the smear for 30 to 60 seconds, 

and then the smear was rinsed off with distilled water. The 

smear was promptly removed with distilled water after being 

decolored for 10 seconds with acetone or alcohol. The smear 

was rinsed with distilled water after being counter stained 
with safranin for 10 to 60 seconds. The back of the side was 

thoroughly cleaned, let to dry, and then viewed under a 100x 

oil immersion objective under a microscope.  
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Antibiotic Sensitivity of the Bacterial Isolates 

Antimicrobial susceptibility Test Disc were used in the 

agar diffusion test method for in vitro susceptibility testing. 

Pure cultures of the isolates were inoculated into sterile 

normal saline and adjustment to march 0.5 McFarland 

standards. And then inoculated into Mueller Hinton agar 

using sterile swab sticks and then allowed to dry for five 

minutes. The filter paper discs impregnated with specified 

concentration of microbial agents were gently placed on the 

surface of the culture using sterile forceps. The antimicrobial 

diffused through the agar to form a gradient. After incubation 

at 30ºC for 16-18 hours, the zones of inhibition around the 

discs were measured. The antibiotic discs used were Septrin 
(30µg), Ciprofloxacin (10µg), Gentamycin (10µg), 

Perfloxacin (20µg), Amoxalin (20µg), Streptomycin (30µg), 

Amoxilin (15µg), Augmentin (30µg), Chloramphenicol 

(30µg), seprin (11µg). This was done for Pseudomonas spp 

isolates; clinical Laboratory Standard Institute, (2015) 

standard was used for the interpretation of the zones of 

inhibition. 

Biochemical Test 

The following biochemical tests were carried out on the 

isolate: citrate, catalase test, urease test, Oxidase test, 

coagulase test. 

Indole Test 

The tryptophan-using organisms were sought out using this 

assay. Using a sterile wire loop, an organism was cultured for 

48 hours at 570°C in a test tube containing 5 ml of reptilian 
water (medium). 5.0 ml of Kovac's reagent was added to the 

test tube after incubation and left there for 15 minutes. A 

swat with a rose tint indicates a favourable response.  

Urease test 

This test was used to detect the ability of the organisms 

to produce urease enzymes. Urease in the presence of water 

converted urea to ammonia and carbon dioxide. Urease test 

using Christensen urea broth 2.1g urea agar base was 
weighed and dissolved in 100mls of distilled water in a 

conical flask. The agar was heated over a laboratory hot plate 

gently and sterilized with autoclave at 121oC 15 ib for 15 

minutes after which it was allowed to cool to 50oC. 

Urea concentrates was weighed (0.4g) and dissolved in 

10mls sterile distilled water. This solution was poured 

aseptically into the sterile urea agar base and mixed gently 

after which it was dispensed, 3 mls into bijou bottle. The test 

organism was heavily inoculated on the medium using sterile 
wire loop and incubated at 37oC for 3-12 hours. Pink colour 

indicates a positive urease test while absence of pink colour 

indicates negative urease test. 

Catalase test   

This test was used to distinguish between bacteria that 

produce the catalase enzyme, such as Staphylococci, and 

those that do not, such as Streptococci. The CheeseBrough 

approach was followed in the execution of this test. (2005)  

Procedure: a drop of distilled water was made on one end of 

a clean slide and a drop of 3% hydrogen peroxide was made 

on the other end of the slide. A sterile wire loop was used to 

obtain a colony of the organism and emulsified on drop of 

distilled water made on the slide. The loop was then 

sterilized by passing it through flame. The same colony was 

emulsified on the hydrogen peroxide on the slide, the slide 

was then observed for bubble formation. Presence of bubbles 

indicates the presence of Stapphlococcus spp.  

Citrate Test  

This test was used to study the ability of the organisms 

to utilize citrate present in Simmon’s medium as a sole 

source of carbon.  

Materials used: Simmon’s citrate agar, test bacterial culture. 

Procedure: A bacterial colony was inoculated directly on 

simmon’s citrate agar. A positive test was indicated by the 

appearance of growth with blue colour while a negative test 

showed no growth with original green colour.  

Oxidase test  

Is used to assist in identification of Pseudomonas, 

Neisseria, Vibrio, Brucella all of which produces the enzyme 
cytochrome oxidase. 

 

A piece of filter paper was placed in a clean Petridish 

and 2 to 3 drops of 1% aqueous solution to oxidase reagent 

(tetrameltryl–p-phenyl diamine) was added to it such that it 

soak completely. A wire loop was used to pick a colony of 

the test organism and smeared on the filter paper. The 
development of a blue purple colour in 10 second showed a 

positive oxidase result and the absence of the blue purple 

colour indicates a negative result (Cheesbrough, 2016). 

Coagulase Test 

This test is used to differentiate staphylococcus aureus 

which produces the enzymes coagulase from staphyloccus 

epidermidis which do not produce the enzyme coagulase. A 

drop of distilled water was placed on two different point on a 
clean glass slide. A colony of a test organism was then 

emulsified in the water. One the suspension, a drop of plasma 

was added while the suspension serves as a control. Mixed 

gently and clumping of the sample was observed within ten 

seconds indicating a positive test, while a negative test shows 

no camping of the sample (slide coagulase test).  

Results 

Table 1 shows the frequency of occurrence of bacteria 
spp isolated from waste water and sediments from abattoir. 

Escherichiacoli was the most frequently occurring, 38% 

followed by Bacillus spp, 30.7% and the least was 

Pseudomonas aeruginosa, 7.6%. The total colony count of 

waste water and sediments sample from Wurukum Abattoir 

is shown on table 2. The highest colony counts of 1.6×109 

Cfu/ml and the lowest colony count of 7.2×103 Cfu/ml was 

recorded from waste water sample. While the sediment has 

the highest colony count of 3.0×108 Cfu/ml and the lowest 

colony count of 35.2×103 Cfu/ml. The total colony count of 

waste water and sediments sample from Wadata Abattoir is 
shown in table 3. The highest colony counts of 1.6×109 

Cfu/ml and the lowest colony count of 15.10×105 Cfu/ml was 

recorded from waste water sample. While thesediment has 

the highest colony count of 2.0×108 Cfu/ml and the lowest 

colony count of 35.2×103 Cfu/ml. Table 4 shows the total 

colony count of waste water and sediments sample from 

Modern Market Abattoir. The highest colony count of 

1.6×109 Cfu/ml and the lowest colony count of 22.0×103 

Cfu/ml was recorded from waste water sample. While the 

sediment has the highest colony count of 1.0×109 Cfu/ml and 
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the lowest colony count of 36.8×103 Cfu/ml. The total colony 

count of waste water and sediments sample from North Bank 

Abattoir. The highest colony count of 3.2×107 Cfu/ml and the 
lowest colony count of 8.0×103 Cfu/ml was recorded from 

waste water sample. While the sediment has the highest 

colony count of 2.0×109 Cfu/ml and the lowest colony count 

of 17.6×10
5 

Cfu/ml in table 5. Table 6 shows the 

susceptibility pattern of Pseudomonas aeurginosa to 

antibiotics using Gram negative antibiotics disc. 

Pseudomonas aeurginosa showed resistance to the following 

antibiotics, Chloramphenicol and Septrin, but susceptible to 

these antibiotics with their zone of Inhibition ranging from 

seprin (11 mm), Gentamycin (13 mm) Amoxilin (15 mm) 

Streptomycin (16 mm) Perfloxacin (17 mm), Ciprofloxacin 

(18 mm) and Amoxalin being the most susceptible with the 
zone of 20 mm. 

 

Table 1: Frequency of occurrence of bacteria spp isolated 

from waste water and sediments from abattoir  

S/N Isolates 

Frequency 

of 

isolation 

Frequency 

(%) 

1 E.coli 15 38.4 

2 Bacillus spp 12 30.7 

3 Staphylococcus aureus 9 23.0 

4 Pseudomonas aeruginosa 3 7.6 

 

 

Table 2: Total colony Count of Waste Water/Sediment 

Sample from Sample from Wurukum Abattoir 

 S/N 
Dilution 

factors 

No. of 

colonies 

Colony 

count 

(cfu/ml). 

Waste 

water 

1 102 72 7.2 x 103 

2 104 80 8.0 x 105 

3 106 40 4.0 x 107 

4 108 16 1.6 x 109 

Sediments 

1 102 352 35.2 x 103 

2 104 156 15.6 x 105 

3 106 7 7.0 x 106 

4 108 3 3.0 x 108 
 

 

 

Table 3: Total colony Count of Waste Water/Sediment 

Sample from Sample from Wadata Abattoir 

 S/N 
Dilution 

factors 

No. of 

colonies 

Colony 

count 

(cfu/ml). 

Waste 

water 

1 104 152 15.2 x 105 
2 106 40 4.0 x 107 

3 108 16 1.6 x 109 

Sediments 

1 102 456 35.6 x 103 

2 104 252 825.2 x 105 

3 106 144 14.4 x 107 

4 108 2 2.0 x 108 

 

 

 

 

 

Table 4: Total colony Count of Waste Water/Sediment 

Sample from Sample from Modern Market Abattoir 

 S/N 
Dilution 

factors 

No. of 

colonies 

Colony 

count 

(cfu/ml). 

Waste 

water 

1 102 220 22.0 x 103 

2 10
4
 140 14.0 x 10

5
 

3 106 72 7.2 x 107 

4 108 16 1.6 x 109 

Sediments 

1 102 368 36.8 x 103 

2 104 252 25.2 x 105 

3 106 7 7.0 x 106 

4 108 10 1.0 x 109 
 

 

 

Table 5: Total Colony Count of Waste Water/Sediment 

Sample from North Bank Abattoir 

 S/N 
Dilution 

factors 

No. of 

colonies 

Colony 

count 

(cfu/ml). 

Waste 

water 

1 102 80 8.0 x 103 

2 106 32 3.2 x 107 

Sediments 
2 104 176 17.6 x 105 

4 108 20 2.0 x 109 

 

 

Table 6 : Susceptibility Pattern of Pseudomonasaeruginosa 

to Antibiotics using Gram Negative Antibiotics Disc. 

Antibiotics Pseudomonas aeruginosa 

Ciprofloxacin 

Amoxilin 

Augumentin 

Gentamycin 
Perfloxacin 

Amoxalin 

Streptomycin 

Seprin 

Chloramphanicol 

Septrin 

18 

15 

– 

13 
17 

20 

16 

11 

– 

– 

KEY 
- Resistance 

Discussion 

From all the samples analyzed, E. coli, Bacillus spp, 

Pseudomonas spp, and Staphlococcus aureus, were foundin 

the sediments and waste water from the different abattoirs 
Makurdi metropolis. Pollution results when abattoir waste is 

dumped on the ground or drained into a water supply 

(Adeyemo et al., 2002). The complicated composition of 

abattoir effluent waste water makes it potentially hazardous 

to the environment. For instance, the discharge of blood and 

animal waste into streams would reduce the amount of 

dissolved oxygen (DO) in the aquatic environment, limiting 

the chance that aquatic life would survive (Nwachukwu et 

al., 2011). The waste from the abattoir's slaughtering and 

dressing grounds is dumped into open drains untreated, and 

as it decomposes, it can introduce enteric pathogens and 

excess nutrients into the nearby surface waters and 
underlying aquifers, contaminating the hand-dug wells that 

serve as both a source of drinking water for the butchers and 

other employees of the abattoir and the local residents, 

leading to disease.  This level of contamination is considered 

not good for both domestic use and or direct discharge into 
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water bodies without treatment. Pseudomonas spp (7.6%), 

was less occurring from this work. This does not conform to 

the findings of (Falodun and Adekanmbi, 2016) who isolated 
strains of Pseudomonas (29.6%) from waste water generated 

in abattoir effluent in Ibadan. The noticed disparity may be 

due to the nature of the waste water, nutrient availability, the 

unhygienic environments of the abattoir provide means for 

these organisms to grow, multiply thus increasing the rate at 

which these organisms are spread. Environmental factors 

which are conducive for these microorganisms aid them to 

grow in this environment. Such factors includes adequate pH, 

temperature, nutrients, oxygen all aid these organisms thrive 

and being able to contaminate larger water when in contact 

(Federov et al., 1993). The poor growth could also be linked 

with inadequate environmental factors reported by Ferervo et 
al. (1993). Pseudomonas spp obtained from these samples 

have shown different characteristic sensitivity and resistance 

pattern when antibiotic disc were introduced into the isolates 

from this work, the sensitivity was high and the resistance 

was low this is in line with the findings of (Merlin et al., 

2011). The ability of these species to form resistance is due 

to the presence of some resistant genes. This is not surprising 

giving the rate at which antibiotic drugs is being abused thus 

promoting the acquisition of resistant genes by the colony 

(Akan et al., 2010). The high resistance level among this 

genera may be partly attributed to possible transfer of 
resistant trait from indigenous micro flora associated with 

source of raw materials used in the abattoir (Osinbajo and 

Addie, 2007). Since water is often used by individuals, 

contaminations from abattoir effluent are very possible. 

There is need to control the transfer and spread of infectious 

disease and antibiotic resistance through abattoir effluent. 

 

Conclusion 

It has been observed that Escherichia coli, Bacillus spp, 

Staphylococcus spp and Pseudomonas spp were isolated 

from both sediment and waste water in abattoir across 

Makurdi metropolis. Pseudomonas spp had a high sensitivity 

and low resistance to antibiotics. 
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Abstract 
 

One of the most destructive fungi, Alternaria brassicae (Berk) Sacc., is responsible for the Alternaria blight, also known 

as the leaf blight disease of cauliflower, which causes a serious qualitative and quantitative yield loss in cabbage and 

cauliflower at the curd formation and seed setting stages. Thus the current study was carried out to determine the disease 

occurrence and to conduct in-depth studies of the morphological and cultural characteristics of the fungi. Survey was taken 

up in districts Agra UP India. Shamshabad recorded the highest disease incidence at 35%, while Malpura recorded the 

lowest at 8%. From the disease samples, 11 isolates were recovered and purified.All the cultures did well using potato 

dextrose agar.There were variations in the sporulation and mycelial growth. The study of cultural and morphological 

characteristics of various isolates of Alternaria spp. showed that the mycelia were septate and that conidia were formed in 

chains from the conidiophores. Both longitudinal and transverse septa make up conidia, which are beaked. 

Kewwords : Cauliflower, Alternaria brassicae, Leaf blight disease, Cultural variability, Potato Dextrose Agar. 
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Introduction 

Brassica oleracea L (Cauliflower) is mainly vegetable 

crop cultivated in both temperate and tropical regions 

(Hossain and Hossain, 2010). It is the fifth most favorite 

vegetable crop in India after tomato, brinjal, cabbage and 
onion occupy an important place among the fresh vegetables 

in world vegetables. In India, Brassica oleracea is cultivated 

on large average and the major growing states of India are 

Punjab, Sikkim, Uttar Pradesh, Tamil Nadu, Rajasthan, 

Uttaranchal and West Bengal (Patel et al., 2018). There is 

approximately 90% water contains cauliflower curd thus it 

has the affinity to lose humidity in the process of evaporation 

or transpiration.Since the cauliflower curd is not covered by a 

thick, waxy layer, water loss is high. Low relative humidity 

(RH) and high outside temperatures increase the rate of water 

loss from the curd, which leads to a loss of crispness and 

subsequently browning (Serrano and Rolle, 2018). It is 
recognized to have health-promoting qualities and contains 

high quantities of vitamins C and B, iron, calcium, and 

phosphorus (Serrano and Rolle, 2018).  An aborted floral 

meristem's head (the white curd) is typically the only part 

consumed, the stalk and several thick, green leavesare either 

discarded or used in vegetable broth (Patel et al., 2018).  

The curd in cauliflower is the edible part which is used 

as delicious vegetable part. There is hardly any house where 

it is not regularly used single or mixed with potato as 
vegetable due to high phosphorus and ascorbic acid content 

in the curd. It is either used single or mixed with potato as 

fried or in curry from. During last three decades efforts are 

being made to improve the quality of cauliflower in various 

parts of the country the cauliflower head or curd is an 

undeveloped flower bud consisting of various florets. 

(Serrano and Rolle, 2018). In India, species Brassica 

oleracea, is cultivated both in hills or plains and from 11°N 

to 35°N. It is also normally grown in Nilgiri hills and in 

south northern Himalayas. In the plains of northern IndiaIn 

the hills across the world, it is cultivated from late August or 
early September to late February or early March, and from 

March to November.  The latitude range between 11 and 60° 

N, with average temperatures between 5-8°C and 25–28°C, is 

where cauliflower grows best. During the vegetative growth 

cycle, cauliflower can survive temperatures between 10°C 

and 40°C for a few days. 

Area of productivity and production of cauliflower in 

India and in worldwide are 22,840,000 and 8,573,000 Mt, 

1,258,000 ha and 433,000.9 ha, and 18.2 and 19.8 Mt·ha−1, 

respectively (Anonymous, 2014). China, India, Mexico, 
France, Italy, Poland, the United States, Pakistan, Germany, 

and Egypt are the top ten producing nations in the world. In 

India highest production of cauliflower occurs in West 

Bengal, Maharashtra, Bihar, Madhya Pradesh, Odisha, 

Gujarat, Haryana, Chhattisgarh, Jharkhand, Assam, and Uttar 

Pradesh (Anonymous, 2014). 

Alternaria blight disease severity in cauliflower occurs 

after initiation of curd formation and continues till seed pods 

are set. After infection, it is difficult to control the disease by 
cultural or chemical methods. In cauliflower, symptoms 

appear after mid-season in the generative phase. The disease 

primary occurs like wet soft lesions on cauliflower curd; 

lesions enlarge into a watery rotten mass of tissues and 
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covered by a dark appearance. Infection of stem, curd head, 

branches and inflorescence show symptoms of wilting and 

later dies. The affected curd of cauliflower loses its turgidity 
and fails to develop flowering shoots. Leaves become yellow 

and often drop and abscise. Since pathogen causes 

considerable loss to the production of this crop hence 

considering the economic importance of cauliflower and 

reduction in its production due to Alternaria blight disease in 

India. The present experimentation and investigation is 

undertaken on biotic and abiotic elicitors and induced 

resistance in cauliflower against Alternaria brassicae. 

One of the most harmful fungal diseases, Alternaria 

blight, commonly known as the cauliflower leaf blight 
disease, significantly reduces the yield of cauliflower and 

cabbage at the time of curd formation and seed setting. It is 

caused by Alternaria brassicae (Berk) Sacc. and A. 

brassicicola (Schw.) Wilt. Although the disease is present 

everywhere, it is more common in subtropical and temperate 

regions.Since no proven source of resistance has been noted 

in any of the hosts to date, managing the disease is very 

difficult. In all of India's cauliflower and cabbage growing 

regions, the yield loss caused by this infection ranges from 5 

to 30%.In Uttar Pradesh, the incidence and severity of the 

disease were 10–40% and 26%, respectively. Alternaria 
brassicae (Berk.) Sacc. is an ubiquitous fungus having a 

wide host range. It causes black leaf spot in cauliflower 

leaves and curd (Selvamani et al., 2014). The severity of 

Alternaria blight of cauliflower is seriously affected by 

variability of temperature and relative humidity (Awasthi and 

Kolte, 2003). It is considered as one of the most destructive 

diseases of vegetables in relatively cool and moist areas of 

the world and causes considerable damage. Various attempts 

to manage Alternaria leaf spot disease with the combination 

of effective fungicides, botanicals and bioagents are reported 
(Chavan et al., 2015 and Devi et al., 2019).  

In all of India's developing areas for cauliflower, the 

production loss caused by this pathogen ranges from 5 to 

30%. In Uttar Pradesh, the incidence and severity of the 

condition were 10–40% and 26%, respectively (Saha et al., 

2016). In most cases, Alternaria attacks its host's aerial 

parts.Naturally occurring small, round, dark spots are the first 

indications of Alternaria infection in plants. The round 

patches, which are often grey, gray-tan, or nearly black in 

appearance as the infection advances, may get as big as a half 
inch in diameter or more.. 

Spores in most Alternaria species are beaked and 

multicelled. The cells are divided longitudinally and 

transversely. Normally Alternaria species are saprophytes 

and abundant in the environment, still some plant are 

pathogenic, cause diseases on a great variety of economically 

important crops like oil-seed crops, cereals, vegetables and 

fruits (Pitt and Hocking, 2009). 

Material and Methods 

(1) Survey of Alternaria brassicae (Berk.) Sacc., from 

naturally infected plants 

Cauliflower curd and leaves showing blight disease 

(Alternaria blight) symptoms were collected sampled in 

different region of Agra (Achhnera, Runkata, Bichpuri, 

Iradatnagar, khandauli, Shamshabad, Malpura, Fatehabad, 
Bah, Fatehpursikari, Kiraoli etc.) Uttar Pradesh, India.  

 
Fig. 1 : Selected Survey Areas in Agra Region (U.P.) 
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Table 1: Alternaria brassicae isolates infecting Brassica species at different geographical locations. 

A. 

brassicaeisolate 
Host 

Date of 

collection 
Location 

Latitude and 

longitude 
Plant part 

Ach C-1 Cauliflower 15-Feb- 2022 Achhnera 27° 15' N, 77° 54'E Leaf 

Run C-1 Cauliflower 22-Jun-2022 Runkata 27° 14' N, 77° 52'E Leaf 

Bip C-1 Cauliflower 28-Feb-2021 Bichpuri 27° 17' N, 77° 91'E Inflorescence 

Khc C-1 Cauliflower 23-Feb-2022 Khandauli 27° 8' N, 77° 54'E Inflorescence 

Smd C-1 Cauliflower 24-Jan-2021 Shamshabad 27° 010'N,78°16 ' E Inflorescence 

Fad C-1 Cauliflower 8-Mar-2022 Fatehabad 27°09' N,78°17'E Leaf 

Mal C-1 Cauliflower 1-Feb-2021 Malpura 27° 17' N, 77° 98'E Leaf 

Bh C-1 Cauliflower 1-Feb-2022 Bah 26° 89' N, 78° 57' Inflorescence 

Irn C-1 Cauliflower 3-Mar-2022 Iradatnagar 26° 87' N, 80° 92'E Leaf 

Fat C-1 Cauliflower 10-Feb-2022 fatehpursikri 27° 17' N, 77° 44'E Leaf 

Kir C-1 Cauliflower 21-Jan-2021 Kiraoli 27º 13' N, 77º 78'E Inflorescence 

 

 
Fig. 2: Leaf blight symptoms on Leaf of cauliflower 

 
Fig. 3: Alternaria blight symptoms on Inflorescence 

 
 

Fig. 4 : Infected Farmer field of cauliflower during the survey 
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Fig. 5 : Infected Farmer field of cauliflower during the survey 

 

(2) Identification using slide culture technique: 

The fungus culture was identified by morphological and 

microscopic methods. (Abdel-Fattah et al., 2007). The 
microscopic characteristics for morphological 

characterization in accordance with the common taxonomic 

key are determined using slide culture (Singh et al., 2012, 

Singh et al., 2013).  
 

Results and Discussion 

The fungus was recognised using the common 
taxonomic key, which takes into account the colour of the 

colony and the shape of the hyphae and conidia. Colonies 

were fast growing, black toolivaceous-black or greyish 

colour when incubated on PDA plates at 30 °C for 7 days 

(Fig. 1a). Septate hyphae, condiophore structure and 

development of condia was seen under the microscope (Fig. 

1b,c). Conidia were foundin chains with a conspicuous beak, 

smooth, greyish-olive, with 7-8 cross septa and longitudinal 

ones, slightlyconstricted at the septa (Fig. 1d)  

Pathogen was recognized according to the morphology 
of hyphae and conidia, colony colour and standard taxonomic 

key. Colony was fast growing, and colour change to black to 

olivaceous-black or grayish when incubated on PDA plates at 

25 °C for seven days (Fig. 6). In the microscope fungus were 

seen the development of conidia. Septet hyphae, structure of 

conidiophores (Fig. 7). Conidia were found in chains with a 

conspicuous beak, smooth, grayish-olive, with 6-8 cross 

septa and longitudinal ones, slightly constricted at the septa 

(Fig. 7) (Dhaliwal & Singh, 2019). 

Survey and frequency of A. brassicae in different 

Cauliflower Fields  

The survey was done in mainly cauliflower growing 

regions of Agra, Uttar Pradesh during cropping season (Oct 

to Feb) (Table 1). The disease occurrence various cauliflower 

field to another cauliflower field in different areas of Agra 
region. The major disease symptoms were observed on 

leaves and curd which are dark brown to black circular spots 

covering the whole leaves and curd. After that these spots 

become large, covered with black spores in concentric 

zonation and destroyed the cauliflower inflorescence (Fig. 2 

to 5). The average frequency of disease ranged from 8 to 35 

% in different cauliflower fields (Table 2). The highest 

disease frequency was recorded in as Shamshabad as 35 % 

and minimum in Malpura as 08 % (Table 2) 

Table 2 : Survey of Alternaria blight disease in cauliflower 
during 2021-2022 

S.N Area in Agra region 
Isolate 

code 

% 

Frequency 

1 Achhnera Ach C-1 18-22 

2 Runkata Run C-1 25-30 

3 Bichpuri Bip C-1 15- 25 

4 Khandauli Khc C-1 11-20 

5 Shamshabad, Smd C-1 25-35 

6 Fatehabad Fad C-1 25-30 

7 Malpura Mal C-1 08-15 

8 Bah Bh C-1 17-24 

9 Iradatnagar Irn C-1 12-20 

10 Fatehpur sikri Fat C-1 15-26 

11 Kiraoli Kir C-1 15-22 
  

Cultural Variability of Different Isolates of A. brassicae 

Culture-grown petri dishes were directly observed to 

record cultural variability such as colony colour, mycelial 
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growth, zonation, pigmentation on medium, and texture, and 

slides of 9-day-old cultures examined under a microscope to 

document sporulation. On potato dextrose agar, all of these 
isolates were analyzed for morphological and cultural 

differences.) Following the agar's solidification, each isolate's 

5 mm culture petri plate was injected onto the 

aforementioned PDA media. For the development, these 

inoculated petri plates were maintained in BOD at 25 -1 C. 

At 3–4 days following inoculation on the aforementioned 
selective nutrient media, radial development was seen (Saha 

et al., 2016)  

 

 

 

 
Fig. 6 (A to K) : Colony morphology of Isolate on PDA Medium 

The colony of Alternaria brassicae grow on potato dextrose medium. These culture are collected in different areas in 

Agra Uttar Pradesh. The islolate 1Smd C-1Ach C-1, Khc C-, Mal C-1 Bip C- 1 growth in maximum growth in potato dextrose 

Agar medium and isolate Run C-1 Fat C-1, Fad C-1, Bah C-1, Irn C-1, Kir C-1 minimum growth in potato dextrose Agar 

medium.  
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Fig. 7 (A to H) : Conidia of Alternaria brassicae under microscope 
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Radial Growth of Alternaria brassicae Isolates  

The radial development of eleven different isolates of 
A. brassicae was seriously different on PDA media. Radial 

growth of A. brassicae isolates in PDA media various from 

37.15 to 58.75 mm. The Smd C–1 isolate noticed highest 

radial growth on PDA media. The lowest radial growth was 

exhibited by Run-C-1 isolate. 

Table 3 : Effect of different media on radial growth of A. 

brassicae isolates. 

S.N. Isoltes 
Radial growth (mm) 10 days 

after inoculation (PDA) 

1 Ach C-1 40.55 

2 Run C-1 37.15 

3 Bip C-1 45.00 

4 Khc C-1 48.25 

5 Smd C-1 58.75 

6 Fad C-1 44.23 

7 Mal C-1 41.55 

8 Bh C-1 52.23 

9 Irn C-1 35.00 

10 Fat C-1 43.25 

11 Kir C- 1 44.35 

 Mean 44.66 

 SD 6.276692 

 SE 1.8924 

  

 
Variability in radial growth of A. brassicae isolates on 

selected nutrient media (Table-3) 
 

Conidial Morphology of A.brassicae  

In 4 different microscopic fields, the length of 8 conidia 

from each A. brassicae isolate was measured. The maximum 

length of conidia ranged from 148 lm (Smd-C I) to 125 lm 

(Run–C I). Furthermore, the number of transverse and 

vertical septations in each isolate's conidia was measured. In 
the isolates Smd-CI and Mal-CI, the highest number of 

transverse septations was observed at nine, followed by eight 

in the isolates Khc-CI and Fad-CI. All isolates had between 0 

and 2 vertical septations. All of the A. brassicae isolates in 

the current study showed high levels of variability in conidia 

length, width, and septa, evinceing the existence of variety 

among the 11 isolates (Table 4). Similar findings were made 

regarding the conidial length, width, and number of septa in 

A. brassicae that infected mustard and cauliflower in India. 

The conidial variations in A. brassicae and A. brassicicola 

are one of the most important criteria to differentiate these 

two species, but not for distinguishing A. alternata from A. 

brassicae (Sharma et al., 2013). 
Table 4 : Conidial morphology of Alternaria brassicae 

isolates of cauliflower 

S.N. Isolates 

Conidial Size 

Length 

(lm) 

Width 

(lm) 

No. of septa 

Transverse Vertical 

1 Ach C-I 125 22 7 1 

2 Run C-I 140 26 6 1 

3 Bip C-I 135 27 7 0 

4 Khc C-I 142 23 8 0 

5 Smd C-I 148 29 9 2 

6 Fad C-I 138 23 8 2 

7 Mal C-I 128 27 9 1 

8 Bh C-I 144 22 7 0 

9 Irn C-I 145 19 4 0 

10 Fat C-I 139 24 5 1 

11 Kir C- I 126 21 4 1 

SD  7.52077 2.8747 1.71044 0.7158 

SE  0.670003 0.431679 0.25384 0.715819 

 

 
Conidial morphology of Alternaria brassicae isolates  

of cauliflower 

 

Conclusion 

The research focuses the A. brassicae, which causes 

blight disease in cauliflower, has a wide range of diversity. 
According to a latest study (Goyal et al., 2011), temperature 

and place of origin affected the conidial morphology, 

mycelial development, and sporulation of thirteen isolates of 

A. brassicae that were collected from different geographical 

zones. Similar to this, reports of variation in the 

morphological traits of A. brassicaeisolates from various 

parts of India (Meena et al., 2005; Kaur et al., 2007; Singh et 

al., 2007). In terms of mycelial development and sporulation, 

some researchers have studied the cultural heterogeneity in 

Alternaria species (Ansari et al., 1989; Patni et al., 2005; 

Kaur et al., 2007). Winter crops such as cauliflower and 

mustard are impacted by A. brassicae. The goal of the current 
study was to better understand the differences in 

morphology, culture, pathogenicity, and molecular 

characteristics among the isolates infecting both crops 

growing in various Indian states. Regardless of the crop or 

the location, there was a significant difference in the growth, 

sporulation, and conidial morphology of A. brassicae isolates 

on various nutritional media. All of the isolates were 

discovered to be harmful to each host. Despite their 
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differences in morphology and culture, the 11 isolates of 

Alternaria brassicae were discovered to be harmful in nature.  
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HIGHLIGHTS 

 A 70% ETc irrigation level combined with an alternate furrow irrigation technique can save a significant amount of 

irrigation water with little a yield penalty.  

 Similar to drip irrigation, alternate furrow irrigation's higher water productivity is primarily due to decreased soil surface 

evaporation. 

 In alternate furrow irrigation technique low yield of onion was obtained  despite of high water productivity  

 Using alternate furrow irrigation in areas that have limited water supplies allow  to incorporate more land under 

irrigation  

 AFI is an alternative irrigation method for those dominantly using furrow irrigation methods for efficient utilization of 

the scarce water resource 


 

Abstract 
 

The study was carried out at the Melkass Agricultural Research Experimental Field, Adama, Ethiopia, to assess the onion 

response to deficit irrigation under drip and surface irrigation methods. The experiment was laid out in RCBD design, 

split-plot arrangement and replicated thrice. Irrigation methods were employed for the main plot, and the sub-plots were 

divided into five irrigation levels: 100% ETc (full irrigation), 85% ETc, 70% ETc, 60% ETc, and 50% ETc. The irrigation 
was applied throughout the growing season. Onion vegetative parameters and yield were collected and analyzed. The 

study found that variations in yield, yield parameters, and water productivity were highly significant (P≤ 0.01). The results  

showed that when water deficit levels increased, onion bulb yield declined. In contrast, higher water productivity was 

observed as the level of water deficit increased. On average, the highest total onion bulb yield was observed (50.4 t/ha) by 

applying 100 ETc via   drip irrigation method. Although, 85%ETc and 70%ETc irrigation level irrigating via the same 

irrigation method were shows equivalent and non-significant variation on onion total bulb yield.  On the other hand, in 

furrow irrigation techniques the highest and the lowest onion yield was obtained irrigating conventionally (every other 

furrow) with 100% ETc irrigation level and vial Alternate furrow irrigation with 50% ETc level of irrigation respectively. 

However, acceptable yield variation and significantly higher WP were observed when irrigating via Alternate furrow 

irrigation technique with application of 85%ETc and 70% ETc irrigation level as compared to full irrigation using 

convectional furrow irrigation method. An Alternate furrow irrigation technique coupled with different level of irrigation 
could save substantial amount of irrigation water; thereby enable to irrigate more land and different types of crop in area 

where water was not enough for full irrigation.  Therefore, the study reveals that onions could be irrigated via drip and an 

Alternate furrow irrigation method combined with 85%ETc and 70%ETc of level irrigation to enhance water productivity 

without considerably reducing total onion bulb yield. 

Keywordy : Alternate furrow irrigation, Deficit Irrigation, Drip irrigation, Onion, Water productivity 
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Introduction 

 Onion (Allium cepa L.) is the most important and 

marketable vegetable crop in the world. It is commonly 

grown as a means of generating revenue by numerous 

growers throughout the world. It is also one of Ethiopia's 

most important vegetable crops (Desalegne and Aklilu, 

2003). Both private large-scale farmers and small-scale 

farmers cultivate the crop extensively as a cash crop. The 

country has enormous potential for year-round production of 

onions for both domestic use and export. According to 

(Desalegne and Aklilu, 2003), most of Ethiopia's onion 

production takes place in the Central Rift Valley (CRV), 

despite the region's semi-arid climate and insufficient rainfall 
to meet the crops' needs for optimal yield. 

Vegetable production in the study area is primarily 

accomplished using the surface irrigation method, according 

to (Etissa et al., 2014). They also stated that the furrow 

method of irrigation is used by about 98.9% of vegetable 

farms. In atypical farming conditions, because of improper 

irrigation practices, less than half of the water delivered 

really reaches the root zone of the plant, regardless of the fact 
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that surface irrigation can be just 60% less effective (Sijali, 

2001). 

For the reason that, agricultural production and 

consumption account for more than 70% of water 

withdrawals in many developing nations, achieving more 

effective water usage is essential (Water, 2015). As the 

challenges of increasing irrigation water become more 

apparent, understanding how crop yields respond to water 

might help with the development of irrigation techniques for 

enhancing agricultural output. In general, agriculture may 

enhance water use efficiency in two ways i.e.  Reduce water 

losses and increase water yield. The first option is to increase 

water productivity by reducing water losses during 
production (i.e., reducing leakage or evaporative losses in 

water conveyance and application systems). The second way 

emphasizes on enhancing crop productivity, which involves 

growing more crops or generating more value per applied 

volume of water. Numerous researchers have used deficit 

irrigation and precision irrigation methods, including as drip 

irrigation, wide-spaced furrow irrigation, and skipped crop 

rows (alternate furrow irrigation, or AFI), to increase the 

effectiveness of water use (Postel, 2000; Kirnak et al., 2002; 

Bekele and Tilahun, 2007; Sepaskhah and Ahmadi, 2010). In 

AFI, some furrows receive irrigation while other furrows do 
not. Similar to drip irrigation, WP is primarily increased by 

decreased soil surface evaporation. These irrigation systems 

often result in a poorer yield despite having a higher 

WP.Water is provided near to the plant with the drip 

irrigation method, so that only the soil immediately 

surrounding the plant is moist. Direct evaporation from the 

soil surface and weed absorption are minimized as a result of 

not watering the entire soil surface between rows and plants. 

Furthermore, as demonstrated by various study findings, drip 

irrigation enhances crop output while decreasing water use 

for various crops (Postel, 2000; Tagar et al., 2012; Paul et al., 

2013; Enchalew et al., 2016). 

When there is a limited supply of water, using deficit 

irrigation (DI) rather than optimizing yields per unit of water 

may provide superior financial returns. The DI has been 
promoted as a method for increasing water productivity  by 

reducing crop water that has minimal effect on crop 

productivity (Kirda et al., 1999).  Deficit irrigation practices 

expose the crop to a predetermined degree of water deficit 

over the course of the growing season or for a set period of 

tim (Kirda et al., 1999). Various crops have been found to 

profit from DI techniques, and numerous researchers have 

noted that any yield losses that may arise from DI are 

compensated by the advantages of higher water save (Kirnak 

et al., 2002; Karam et al., 2003). Therefore, the goals of this 

study were to determine onion water productivity and study 

the effect of DI levels on onion bulb production and yield 
using alternate furrow irrigation techniques and drip 

irrigation systems. 

Materials and Methods 

Description of the study area  

The study was carried out at the Melkassa Agricultural 
Research Center in the Eastern Oromia region of Ethiopia 

during the dry season of the year 2017–18. The experimental 

place is situated at 8° 24' N, 39° 21' E, and 1,550 m a.s.l. 

latitude and longitude, respectively. The region's average 

annual rainfall is 824.9 mm, while its potential 

evapotranspiration is 220.77 mm. Low and unpredictable 

rainfall combined with semi-arid conditions and unimodal 

rainfall patterns define the region's climate. Approximately 

67.4% of the region's annual rainfall falls between mid-June 

and mid-September, with July and August seeing the highest 

amounts. 15 °C was the average annual temperature. The 

Malkassa soil laboratory determines the soil characteristics of 
the experimental region (Table. 1). 

 

Table 1 : Physical and Chemical Properties of Experimental Soils  

Sampling 

depth 

(cm) 

Particle size 

distribution (%) 

Texture 

Class pH 

ECE  

at 

25
0
C 

OM BD FC PWP TAW 

Clay Silt Sand USDA ds/m % g/cc v/v v/v Mmm
-1

 

0-15 26.5 45.0 28.5 Loam 6.74 0.22 7.40 1.09 36.84 22.67 142 

15-30 24.0 42.5 33.5 Loam 7.07 0.23 6.72 1.16 42.34 24.48 179 

30-45 29.0 35.0 36.0 Clay loam 7.08 0.30 5.24 1.18 46.37 27.73 186 

45-60 26.5 37.5 36.0 Loam 7.18 0.31 3.36 1.19 44.86 27.25 176 

Average 26.5 40.0 33.5 Loam 7.02 0.26 5.68 1.15 42.32 25.42 169 

BD, bulk density; FC, field capacity; PWP, permanent wilting point (ECe), the electric conductivity of soil; TAW, total 

available water; USDA, United States Department of Agriculture 

 

Experimental Procedures 

Split plots were used in randomized blocks with three 

replications in the experimental design. On a 3.6 m × 4 m 

plot with treatment settings in Table 2, the main plots were 

irrigation methods, and the subplots were irrigation levels. 

Other cultural management techniques, excluding applying 

irrigation water, were carried out in accordance with national 
recommendations. On October 14, 2017, onion seedlings 

were planted for nursery raising and transplanted after 45 

days. Plots, rows, and plants were spaced apart by 1 m, 0.30 

m, and 0.10 m, respectively. 
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Table 2 : Treatment setting for an experiment  

Treatment Treatment combination              Explanation  

T1 D*100%ETc Irrigation with 100% ETc. via Drip /control/ 

T2 D*85% ETc. Irrigation with 85% ETc. via Drip. 

T3 D*70% ETc.  Irrigation with 70% ETc. via Drip 

T4 D*60% ETc Irrigation with 60% ETc. via Drip 

T5 D*50% ETc Irrigation with 50% ETc.via Drip 

T6 AFI*85%ETc. Irrigation 85%ETc. via Alternate furrow 

T7 AFI*70% ETc. Irrigation 70% ETc. via Alternate furrow 

T8 AFI*60%ETc. Irrigation 60% ETc. via Alternate furrow 

T9 AFI*50%ETc. Irrigation 50% ETc. via Alternate furrow 

T10 EFI*100%ETc Conventional ( every other) furrow irrigation  

 

The drip system was made up of 16 mm diameter PE 

laterals. Each plot featured a 25 mm diameter PE manifold 
pipeline. The irrigation water, which was supplied from a 

1.5-meter raised gravity water tank, was delivered into the 

plot manifolds via HDP pipes 32 mm in diameter. The lateral 

lines had in-line compensating emitter pressure, and the 

emitters discharged at 0.6 Lh-1 at 0.15 bar operating pressure. 

The emitters' spacing was chosen at 0.20 m due to soil 

characteristics and the planting space of the crop. The drip 

irrigation system had five rows in each plot and 50 plants in 

each row, while in the furrow irrigation system, the plot had 

been designated with four furrows and three ridges as 

commonly experienced by farmers in the study area. For both 
irrigation methods, water was applied at five levels of 

irrigation: 100%, 85%, 70%, 60%, and 50% of ETc, but full 

irrigation (100% ETc) using a conventional furrow was taken 

as a control treatment. SAS 9.1 software was used to perform 

statistical analysis on the data. Descriptive statistics were 

used. To determine the statistical impact of the various 

irrigation schedules on onion yields and water productivities, 

an analysis of variance (ANOVA) was also applied. 

Crop Water Requirements 

Daily meteorological data from a nearby weather 

station (Malkassa Agricultural Research Center 

meteorological station) were used to estimate the reference 

evapotranspiration (ETo) using the FAO Penman-Monteith 
equation. The onion crop coefficients (Kc) provided (Allen et 

al., 1998; Bossie, Tilahun and Hordofa, 2009) 0.4 for the 1st, 

0.68 for the 2nd, 0.95 for the 3rd and 0.85 for the 4th growth 

stage were multiplied by the ETo values to determine the 

crop water requirements (ETc).                         

ETC = KC * ET0     (1) 

Irrigation was planned to avoid or reduce runoff and 
deep percolation. All treatments were irrigated at 5 days 

irrigation intervals for drip irrigation systems and once every 

10 days, as the usual trend of farmers in the area, for furrow 

irrigation systems where the amount of irrigation water was 

applied using partial flume. According to the ideal or "0% 

water deficit" irrigation method, the net amount of irrigation 

needed to replenish the soil moisture deficit was calculated. 

The depth for other treatments, on the other hand, was 

determined by the percentage of optimal watering. Effective 

rainfall was zero because there was no rainfall during the 

growth period. Hence, ETc was taken to be equal to net 

irrigation requirement (NIR). Table 3 displays the amounts of 
irrigation water used for each irrigation treatment. 

 

Table 3 : Crop water demand and irrigation water usage 

Treatments 
CWR ER NIR GIR 

mm mm mm mm 

D*(100%) 448.00 0.00 448.00 527.06 

D*(85%) 380.80 0.00 380.80 448.00 

D*(70%) 313.60 0.00 313.60 368.94 

D*(60%) 268.80 0.00 268.80 316.24 

D*(50%) 224.00 0.00 224.00 263.53 

AFI*(85%) 190.40 0.00 190.40 317.33 

AFI*(70%) 161.80 0.00 161.80 269.67 

AFI*(60%) 133.30 0.00 133.30 222.17 

AFI*(50%) 114.20 0.00 114.20 190.33 

CFI*(100%) 448.00 0.00 448.00 746.67 

CWR = Crop water requirement; ER=Effective Rainfall; NIR=Net irrigation requirement; GIR= Gross irrigation requirement  

 

Water productivity   

The harvested total onion yield in kilograms was 

divided by the unit volume of water in cubic meters or 
hectare meters to determine the WP (kg m-3) (Allen et al., 

1998). Both irrigation water productivity (IWP, kg/m
-3

) and 

total water productivity (also known as water usage 

efficiency, kg/m3) were calculated. 

C

a

ET

Y
WP      (2) 

gross

a

D

Y
IWP      (3) 

Where  

Ya= Actual onion bulb yield obtained in (Kg) 
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ETc= Actual water applied to the soil throughout the growing 

period (mm or m-3) 

Dgross= Gross irrigation water applied throughout the 

growing period (mm or m-3)     

Onion yield and yield increase data collection procedures  

To prevent border effects, the onion bulb yield was 

gathered and weighed from the center rows of each plot. 

According to size, the collected yield was divided into 

marketable and non-marketable categories of bulbs on bulbs 
on bulbs. Non-marketable onion bulbs were those with a 

diameter of less than 2 cm. (Desalegne and Aklilu, 2003). 

Each drip and furrow irrigated plot's yield was then measured 

in kg ha-1. The yield increase was calculated as follows: 

Increase in yield (%) 
1

21

Y

YY 
   (4) 

Where,  

Y1 = Yield obtained in drip irrigation system (kg ha-1) and 

Y2 = Yield obtained under furrow irrigation system (kg ha-1) 

Result and Discussion 

Onion bulb yield and yield characteristics 

Onion bulb production varied significantly (p< 0.05) 

depending on irrigation technique and volume of water 

applied (Fig. 1, a, and b). According to the data, the furrow 

irrigation method with appropriate irrigation provided a low 

output of (29.9 t ha-1) whiles the drip irrigation method 

produced a greater onion bulb yield (46.30 t h-1). 
 

 
Fig.1 : (a) irrigation methods and (b) deficit irrigation 

 

The irrigation level of 100% ETC, followed by an 

immediate deficit level of 85% ETC, resulted in the highest 

overall yield of the bulb 46.72t/ha and 42.14t/ha respectively. 

While treatment with 50% ETc deficiency irrigation level 

resulted in a minimum yield of 28.94 t/ha of onion bulbs 

(Fig.1 b). The adequate moisture in the rhizosphere, which 

showed no visible stress on several physiological processes 

and led to greater moisture uptake and ultimately higher plant 

development, yield, and yield characteristics, was attributed 

for the significant increase in yield components and yield. 

These conclusions concur with those made by (Sharda et al., 
2006; Spehia et al., 2013) Interestingly, the increased yield 

was obtained with full irrigation and decreased dramatically 

with deficiency irrigation. Similar result obtained by (Bekele 

and Tilahun, 2007; Zayton, 2007; Kumar, Lo and Chen, 

2008; Owusu-Sekyere, Asante and Osei-Bonsu, 2010).  

The bulb output was greatly impacted by the irrigation 

methods as well. Data from this study showed that, compared 

to furrow irrigation, drip irrigation produced a greater mean 

value of total bulb production (Fig.1 a). This is due to the fact 
that onions are a shallow-rooted crop that needs frequent 

irrigation to produce a satisfactory yield (Drinkwater and 

Janes, 1955). Onion under shortage of water experiences a 

decrease in evaporation, which affects yields (Sammis et al., 

2000). To sustain the onion bulb production in accordance 

with the irrigation water used, however, the combination of 

irrigation method and irrigation level indicated a promising 

result. Applying full irrigation using the drip irrigation 

method resulted in a noticeably greater yield (52.1t/ha). This 

finding demonstrates that applying a 15% deficiency using 

the same watering technique did not significantly alter the 

results. The treatment receiving 50%ETc utilizing an 

alternate furrow watering strategy yielded the lowest 

meaningful value of 17.49t/ha. This finding is explained by 

the fact that deficit treatment under AFI is subject to two 

irrigation water reductions i.e. “a double deficit scenario”, 

one as a result of a percentage evapotranspiration deficit and 

the other as a result of alternate irrigation (in this technique 

some furrows are irrigated, while adjacent furrows are not). 

Water use of onion and WP characteristics 

Compared to traditional furrow irrigation (T10), drip 

irrigation treatments (T1, T2, and T3) recorded yield 

increases of 26.0%, 19.8%, and 15.9%, respectively (Table 

4). Therefore, the study found that, compared to conventional 

furrow irrigation, a 15.9% higher yield of onions was 

attained even though 30% less water was given using drip 

irrigation (T3). Low yields from furrow irrigation may be 
caused by a lack of nutrients available for crop growth due to 

runoff and deep percolation, as well as a high weed 

infestation between the fields. The findings are consistent 

with (Howell, 2001; Postel et al., 2001) who indicated that 

drip irrigation systems can increase crop yields by 20–90% 

while reducing irrigation requirements by 20–70% when 

compared to surface irrigation. Similarly, according to 

(Halvorson, Del Grosso and Reule, 2008), drip irrigation 

guarantees 15% higher fresh onion yields and uses 57% less 

water than the furrow technique.  
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Table 4 : Treatment effects on yield and water productivity 

Treatment 

Total  

yield 

Increase  

in Yield 

Water  

used 

Water  

saved 
WP IWP 

Yield  

reduction 

ton/ha % mm m
-3

 mm % 
Kg 

ha-
1
m

-3
 

Kg   

ha
-1

 m
-3

 
ton/ha % 

T1 52.10 26.0 286.0 2860.0 494.0 63.3 18.2 11.1 0.0 0.0 

T2 49.53 19.8 243.1 2431.0 536.9 68.8 20.4 12.4 2.6 4.9 

T3 47.92 15.9 200.2 2002.0 579.8 74.3 23.9 14.4 4.2 8.0 

T4 42.89 3.7 171.6 1716.0 608.4 78.0 25.0 14.9 9.2 17.7 

T5 39.05 -5.5 143.0 1430.0 637.0 81.7 27.3 16.0 13.0 25.0 

T6 34.75 -15.9 331.5 3315.0 448.5 57.5 10.5 16.5 17.3 33.3 

T7 32.59 -21.2 281.8 2817.8 498.2 63.9 11.6 17.9 19.5 37.4 

T8 22.34 -46.0 232.1 2320.5 548.0 70.3 9.6 14.6 29.8 57.1 

T9 18.83 -54.5 198.9 1989.0 581.1 74.5 9.5 14.0 33.3 63.9 

T10 41.34 0.0 780.0 7800.0 0.0 0.0 5.3 8.8 10.8 20.6 

 
However, alternating furrow irrigation reduces 

irrigation water use by more than 50% when compared to 

conventional furrow irrigation at 70% and 80% ETc 

application levels. This enables us to water more land while 

also increasing bulb production per unit of land. Some 

furrows in AFI are watered while others are not, and WP is 

largely raised through reduced evaporation from the soil 

surface, similar to drip irrigation. In general, despite a higher 

WP, the use of such irrigation technology results in a lower 

yield (Sepaskhah and Ahmadi, 2010). The relative bulb yield 

of onions under AFI (yield per unit amount of water applied) 
was higher than those under CFI when water was not enough 

for complete irrigation. And also Alternate furrow irrigation 

technique coupled with different level of irrigation could 

save substantial amount of irrigation water; thereby enable to 

irrigate more land and different types of crop in area where 

water was not enough for full irrigation. 

Conclusion 

Drip irrigation greatly improves the growth and yield 
characteristics of onion crops when compared to furrow 

irrigation methods. When compared to other treatments, the 

application of 100% ETc irrigation level gave the highest 

onion production. The most water productivity is gained with 

the lowest quantity of water used in drip treatment, but the 

most water productivity is obtained with a treatment 

achieving 70% ETc irrigation level under AFI, followed by 

80%ETc with the same water application technique. AFI 

technique in conjunction with a 70% ETc irrigation level can 

conserve a significant amount of water while maintaining 

bulb production in regions with restricted water supplies. AFI 
approach can be utilized as an optional furrow irrigation 

strategy to conserve a significant amount of water and 

incorporate more land under irrigation with the saved water, 

since all onion producers in CRV in Ethiopia primarily use 

the furrow irrigation method. 
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Abstract 
 

Two varieties (white and brown) of cowpeas (Vigna unguiculata) seeds were sourced from farmers in Kaura Namoda and 

analyzed for their proximate and elemental contents using standard analytical methods. The results of the proximate 

analysis obtained showed the percentage moisture content as (7.20, 6.80)%, ash content as (4.48, 4.20)%, lipid content as 

(2.60, 2.13)% and fiber content (3.93 and 3.10)% for brown and white respectively. All the values were higher in brown 

beans and found to be significantly different at (p<0.05) except for moisture content which show no significant different 

among the two varieties. The percentage crude protein content of 24.80% for brown beans was also found higher than 

white varieties 23.40%. Potassium value was found to be the highest of the minerals analyzed while zinc is the lowest. The 

analysis showed both brown and white beans as being very rich in mineral elements with potassium ranking first with 584 

±2.54 mg/kg and 516 ±2.27 mg/kg followed by calcium with 285.23±3.14 mg/kg and 394.63 ±1.08 mg/kg and magnesium 

257.54 ± 1.67 mg/kg and 257.54 ± 1.67 mg/kg for brown and white beans respectively. Other values are sodium (13.05 ± 

0.60; 6.30 ± 0.07 mg/kg), iron (12.88 ± 0.91; 4.20 ± 0.57 mg/kg) and zinc (6.30±0.07; 8.20±1.21 mg/kg) for brown and 
white beans respectively. It is therefore evident from the study that both varieties are very nutritious diet and there is no 

significant different in the nutritional contents of white and brown varieties of cowpeas. It is therefore recommended that 

consumers should endeavor to incorporate both varieties in their diet so as to benefit from the variations in nutrients 

content of both varieties. 

Keywords : Cowpea (Vigna unguiculata), Minerals, proximate composition and nutritious diet. 
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Introduction 

The quest to close up the gap between the ever 

increasing human population and the availability of food 

particularly the animal protein has become a serious 

challenge facing mankind especially in developing countries 

of the world like Nigeria. As a result, malnutrition has 

become common due to protein deficiencies and most 

essentially animal protein in human diets. Unfortunately, 

animal protein is insufficient and unaffordable by the most 

populace of the developing countries where poverty is a 
normal tread. As a way of survival, the populace has resulted 

to an alternative source of protein in the form of plant protein 

and cowpea has been the leading choice among the legumes 

in most West African countries which Nigeria is in the 

forefront (Idahor, 2013). 

Cowpea as been reported has an important because of 

its significant role in human diets and it widely consumer in 

Nigerians and other West African countries. It contained high 

content of protein, among other plant sources and provide a 
sufficient amount of protein in the absence of animal sources 

of protein. Cowpeas account for more than half of the plant 

protein consumed in most developing countries such as 

Nigeria. This has made its cultivation to rank first among 

several species of widely cultivated type of genus Vigna 

unguiculata and other legumes. Cowpea has also been 

reported to be one of the species of beans seed among the 

legumes which is most widely used in the world (Elegbede, 

1998 & Ensminger et al., 1993). 

Cowpea is mainly used as a green crop, a nutritious 

constituent in human diet as well as nutritious feed. Its use as 

food is total as it involves all stages of the crop growth 

ranging from the tender leaves, dried grains, fresh grain seeds 

and immature pods. These are all utilized as important food 

sources plant with high biological value for both adult and 
children. It was classified as a starch-protein seeds unlike 

other legumes like groundnut and soya beans which are 

categorized as oil-proteins offering. This is because there are 

many forms it can be prepared and served. It could be made 

into soup, mixed with rice, cooked alone or milled to prepare 

other varieties of food (Fisher and Bender, 2015). 

Cowpea has also been reported as plant with biological 

value such as protein, carbohydrates as well as essential 

mineral including Potassium, Sodium, Magnesium, calcium, 
Copper, Iron, Zinc and Phosphorus. It is also reported to be 

rich in vitamins which are essential for human health, growth 

and development (Henshaw, 2000). 
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Comparative assessment of promimate and mineralcomposition of two varieties of cowpea growm  
in Kaura Namoda, Zamfara, Nigeria 

The present study was conducted in order to compare 

the proximate and mineral compositions of two varieties of 

cowpeas brown and white (Vigna unguiculata). It also use 
statistical tools ascertain if there is any significant difference 

on nutritional value between these varieties as consumers 

usually have preference of one over the other and the 

information obtained will give a better informed choice on 

the nutritional contents to the consumers.    

Materials and Methods 

Sample Collection and preparation 

White and brown beans samples used were sourced 

from local farmers in Kaura Namoda, Zamfara state, Nigeria. 

The seeds used were sourced directly from farmers and has 

not been subjected to any preservation (storage) treatment so 

as to eliminate any interference on the outcome of the result 

that may occur from the chemicals mostly used for beans 

preservation. The samples collected were subjected to sieving 

and hand picking where bad seeds and other unwanted 

particles were removed from the samples. The two samples 

were crushed s into fine powder separately with the help of 
an electric blender to ensure that they are well blended and 

kept in an airtight container for further analysis. 

Proximate and Mineral Analysis  

The proximate analysis of the sample for moisture, 

crude protein, crude fibre, ash content, lipids and 

carbohydrates were carried out to Association of Official 

Analytical Chemists (AOAC, 1995). Atomic absorption 

spectrometer was used for calcium, iron and zinc while flame 
emission spectrometer was used to determined sodium, 

potassium and magnesium. All the analysis were repeated in 

triplicate for precision and accuracy and all the chemicals 

used were of analytical grade and use as purchased.  

Statistical analysis of data 

The results of the analysis were subjected to statistical 

evaluation such as ANOVA, standard deviation means and 

standard error using statistical package (IBM SPSS.21).  

Results 

Table 3.1: Percentage proximate composition in Mean ± S.D 

of the two varieties of cowpeas.  

Parameter (%) Brown Beans White beans 

Ash 4.48 ± 0.41 4.20 ± 0.52 

Moisture 7.20 ± 0.09 6.80 ± 0.12 

Crude fiber 3.93 ± 0.01 3.10 ± 0.06 

Lipid 2.60± 0.20 2.13 ± 0.19 

Crude protein 24.80 ± 0.41 23.40 ± 0.5 

Carbohydrate 57.99 ± 0.42 60.37 ± 0.33 
 

 
Fig 3.1: Percentage proximate compositions of the two 

varieties of cowpeas under study 

Table 3.2: Mean ± S.D. Elemental analysis of the two 

varieties of cowpea in mg/kg      

Mineral (mg/kg) Brown Beans White beans 

Na 13.05±0.60 6.30±0.07 

K 584 ±2.54 516 ±2.27 

Mg 257.54 ± 1.67 270.23 ± 3.52 

Ca 285.23±3.14 394.63 ±1.08 

Fe 12.88±0.91 4.20±0.57 

Zn 6.55±0.74 8.20±1.21 
 

 
Fig. 3.2 : Mineral contents of the two varieties of beans 

under study 

Discussion 

The proximate composition of the seeds (brown and 

white beans) analyzed has been presented in table 3.1. The 

percentage ash contents for brown and white beans were 

found to be 4.48 and 4.20 respectively. The brown beans had 

higher values of ash that is significantly different from white 

beans at (p<0.05). The obtained result is similar to Uduaka, 

(2018) that reported values of 4.28 and 4.12 percent for 

brown and white beans respectively. The percentage lipid 

content (2.60 and 2.13) and fiber content (3.93 and 3.10) for 

brown and white respectively were also found to be 

significantly different at (p<0.05) and both values are higher 

in brown beans. The analysis also indicated higher crude 
protein percentage content in brown beans of 24.80 as against 

23.40 in white beans with no significant different at (p<0.05). 

Olopade et al. (2017) obtained a similar result for crude 

protein and reported protein content as being slightly higher 

in brown beans than white beans while carbohydrates being 

slightly lower in brown beans. The moisture content showed 

no significant different at (p<0.05) between the percentage 

value of brown beans (7.20) and white beans (6.80) while the 

brown beans had higher value of 7.20%. The result is similar 

to the result of Owolabi et al. (2012) who reported 9.10% 

and 6.8% for brown beans and white beans respectively. 
Alayande et al. (2012) reported result of 3.56 and 5.08 % for 

moisture content and observed that the low content in 

moisture is an advantage because it ensures a long shelf life 

for these cowpea varieties. The analysis as recorded in table 

3.1 also showed white beans having higher value of 

carbohydrates of 60.37% as against 57. 99% in brown beans 

with no significant different at (p<0.05). Uduaka, (2018) also 

reported a similar result where white beans had 

carbohydrates value higher than brown beans.  

The analysis for the mineral content of the two varieties 
of cowpea has been presented in table 3.2. Potassium value is 

the highest of the minerals analyzed while zinc is the lowest. 
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The brown beans were significantly (p< 0.05) higher in 

potassium (584 ±2.54 mg/kg) than the white variety (516 

±2.27mg/kg) and also significantly at (p< 0.05) higher in 
sodium (13.05±0.60 mg/kg) than the white variety 

(6.30±0.07 mg/kg). Iron value obtained for brown beans 

(12.88±0.91 mg/kg) was also higher than white beans 

varieties (4.20±0.57 mg/kg) and significantly different at (p< 

0.05). The results obtained also showed calcium (394.63 

±1.08; 285.23±3.14) mg/kg, magnesium (270.23 ± 3.52; 

257.54 ± 1.67) mg/kg and zinc (8.20±1.21; 6.55±0.74) mg/kg 

for white and brown beans respectively and values were 

higher in white varieties than in brown beans and are 

significantly different at (p< 0.05). This trend is in agreement 

with the study of Alayande et al. (2012) and also with that of 

Osunbitan et al. (2016). Minerals are inorganic nutrients, 
ordinarily needed in small quantities from less than 1 to 2500 

mg per day, depending on the type of mineral and its body 

requirements. These essential elements have been reported to 

have one or more catalytic functions in the cells. Apart from 

taking part in various metabolic processes in the body, they 

also known to play an important role in the growth, 

development, immunity regulation, mitotic cell division, 

propagation and genetic expression of the body (Soetan et 

al., 2010 and McDonald et al., 1995). The values obtained 

from the cowpea varieties studied evidently showed that they 

are rich in some of these minerals analyzed 

Conclusion and Recommendation 

The proximate and mineral composition of two varieties 

of cowpea (brown and white beans) sourced from farmers in 

Kaura namoda, Zamfara State, Nigeria have been studied. 

The results confirmed this leguminous seeds as very 

nutritious and high in carbohydrates and protein. This 

substantiates the claim by many researchers that cowpea is a 

good source of plant protein and its use as the main source of 
protein especially among low income earners where animal 

protein is an unaffordable luxury. The study also revealed 

both varieties of cowpea as a good source of mineral 

elements that include potassium, sodium, calcium, iron, 

magnesium and zinc especially potassium, calcium and 

magnesium that had values found high in both varieties of 

cowpea.  

It is evident from the study that both varieties of the 

cowpea are very nutritious diet with little variations in their 
nutrient content. It is therefore recommended that consumers 

should endeavor to incorporate both varieties in their diet so 

as to benefit from the variations in nutrients content of both 

varieties. 
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Abstract 
 

Carbon nanotubes can be defined as the single layered carbon fibres that are applicable in several fields. These carbon 

fibres are known as Carbon naotubes. After invention of high resolution of microscopes carbon nanotubes were able to 

recognize. Carbon nanotubes are the carbon molecules with have sp2 configurations of carbon atoms.The small diameter 

of CNT is an example of a one-dimensional periodic structure along the nanotube axis the confinement structure in CNT is 
provided by the monolayer thickness of the nanotube in a radial direction. Therefore carbon nanotubes are recognized as 

modern technology in various applications like medical, electronics, ceramics and many more. Hence in this chapter it will 

be try to conclude maximum applications and characteristics to be described.  

Keywords : CNTs, crystallography, chiral nanotubes, scanning electron microscopy, graphene. 
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1. Introduction 

In 1991 CNT are experimentally observed by 

Transmission electron microscopy (Iijima et al., 1991). The 

work was done in past years one is multi-wall carbon which 

is also known as coaxial carbon which leads to discovery in 

single-wall CNT which are smaller in diameter (Iijima, et al., 

1993). It leads to later interest in the experimental and 

theoretical. On the other hand to the synthesis of a single-

wall nanotube with diameter enables through experimental 

observation there are numerous experiments like Raman 

scattering, high-resolution TEM, conductance, scanning 

tunneling. Are compatible escorted by single-wall CNT with 

sp2 carbon atom of graphene sheets assemble within 

honeycomb structure such as plane graphene sheets. These 

nanotubes are prototype hollow cylindrical due to 

microscopic diameters of rvO.7nm. 

The diameter of the CNT is microscopic. As 

observation says nanotube has an inner diameter of just 2.3 

nm and it has particularly two coaxial cylinders (Iijima et al., 

1991). CNT is framed by a carbon arc process on the other 

side upon the negative electrode bundles of nanotubes where 

formed. In intervals, the positive electrode is dominated in a 

helium atmosphere (Ebbesen et al., 1994). CNT is privileged 

one-dimensional carbon. Some studies emphasized ID 

properties. Maximum theoretical studies are on single-wall 

nanotubes.0.34nm is the interlayer distance in multi-wall 

nanotubes (Iijima et al., 1993). Co, Fe catalyst is used to first 

discover arc discharge chamber (Iijima et al., 1993). The 

multi-wall nanotube is the same as single-wall nanotubes. 

They have an axis beside hollow cores in the nanotube. 

Nanotubes have a great attentiveness towards experimental 

and theoretical studies. Rice University has prepared a single 

CNT throw the method of vaporization that is utilized at 

1200 degrees Celcius (Journet et al., 1997). CNT has been 

reported 14 graphite change at >70%-90% argon gas reach to 

nanotubes from higher to a lower temperature to downstream 

from an outermost furnace (Thess et al., 1996). The major 

key of the carbon arc method is single-wall CNT grow with 

small nanotube diameter distribution or same diameter 

distribution done by rice group university others are also 

make single-wall CNT using various techniques like carbon 

arc methods, laser vaporization or synthesis of the 

hydrocarbons vapor phase structure (Cheng et al., 1998).8/*- 

2. Structure of Carbon Nanotubes 

TEM and STM are of high resolution that analyzes 

CNT structure. Nanotubes are of graphene sheet single layer 

or cylindrical. Under the evidence shows that nanotubes are 

cylindrical or not from the observation done on the number 

of the same wall shows on the sides of TEM images 

nanotubes. On the other side, multiwall nanotubes can be 

synthesized morphologically. In 1960 Bacon form graphite 

whiskers described scrolls use the same conditions as used in 

the carbon synthesis of nanotubes (Bacon et al., 1960). 

Carbon fiber is splintered when vapor grows and the inner 

tube is seen. These CNT are formed by growth(H. M.Endo 

1988).In the diameter of 100nm vapors are grow. 
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Fig.1 : Structure of carbon nanotubes 

Chiral vector expressed carbon nanotubes in the term of 

circumference on 2D graphene it attaches two 

crystallographically (Dresselhaus et al., 1992). It displays the 

zig-zag direction and vector between chiral angles. The angle 

of the chiral nanotube is 0<()<300 and for the armchair, 

nanotubes is ()=300. Pair of integer collect by the chiral 

vector and label the vector Ch=nal+ ma2 is denoted (Saito et 
al., 1994). CNT of cylindrical curvature leads to distortions. 

Graphene nanotubes' properties bring about the differences 

between graphene nanotubes and chiral angles. (n,n) vectors 

show armchair nanotubes and vector (n, O) and (0,m) show 

zigzag nanotubes (Saito et al., 1992). Chiral nanotubes 

communicate to all vectors. In integers the distance taken in 

nanotubes is 1.44A and CC is nearest to the neighbor. The 

graphene sheet is near to nanotube crystal structure. Brillouin 

techniques are mostly used to collect phonon dispersion and 

electron relation of the CNT. Due to the short size of carbon 

atoms, they inhibited the impurities of CNT or substitutional. 

Moreover, the screw axis dislocation which can be found in 
graphite is one of the most common defects which is 

inhibited by the C60 nanotube monolayer structure. Due to 

this reason, multi-wall CNT and single wall CNT relate to 

structural and substitutional impurities. In multiwall CNT 

and single wall, CNT Pentagon –heptagon or bamboo-like 

defects are also found (Dresselhaus et al., 1996). 

2.1 Electronic structure 

The small diameter of CNT is an example of a one-

dimensional periodic structure along the nanotube axis the 

confinement structure in CNT is provided by the monolayer 

thickness of the nanotube in a radial direction. In real space, 

the periodic boundary applies to In large unit cells. The 

periodic boundary of graphene electronic state leads o the 

remarkable electronic structure for a small diameter of CNT. 

We first explain the summary of theoretical prediction which 

is followed by experimental observation which leads to 

prediction. In this, we found a detailed discussion about this 

topic (Louie et al., 1999). The energy band structure 1Dis 

related to electronic band structure 2D for CNT. (27-31) 
nanotube is formed by honeycomb sheet. This calculation 

shows that there I 2/3 semiconducting and 1/3 nanotubes, 

depending upon the nanotube diameter and chiral angle. It 

shows that metallic conduction in an (n,m) CNT is archived 
when 2n+m=3q where q is the integer. All armchair carbon is 

metallic and satisfying. As more vectors allowed the 

circumferential direction (Louie et al., 1999). The nanotube 

semiconducting bandgap was removed and become more 

two-dimensional. Semiconductor metal or concentric metal-

semiconductor is stable if we design an electronic shielded 

device it consists of two graphene nanotubes with less than 

3nm in diameter (Saito et al., 1993). It also consists of a 

small diameter and is surrounded by a larger semiconducting 

diameter. Without using doping impurities some principal 

extended the design of all carbon and semiconductor( R. 

Saito et al., 1992). Observation of the semiconducting 
nanotubes structures, grow on the side of coaxial CNT there 

are very few developments in future nanotubes applications 

(Suenaga et al., 1997).  

Scanning tunneling spectroscopy (STS) is the best 

present technique for the measurement of the electronic 

properties of nanotubes. The ability density states of the 

single-wall nanotube are sensitive to the probe and the 

outside multiwall cylinder of the nanotube. the distance 

between the tunneling tip and nanotube due to exponential 
dependence (Wildoer et al., 1998 and Olk et al., 1994). With 

this technique, it is likely to easy for both scanning tunneling 

microscopy and STS for the measurements on one same 

nanotube or consequently to measure the diameter of the 

nanotube with chiral angle and STS spectrum (Odom et al., 

1998 and Olk et al., 1994). 

3. Properties 

CNT shows different properties like thermal, high 
mechanical strength, and large electrical conductivity. They 

have an exceedingly large aspect ratio and a high area of a 

surface. It is very useful for understanding the chemical and 

physical properties of carbon nanotubes in deep. 

3.1 Physical properties 

CNT has several physical properties. Single-wall 

nanotube (SWNT) and Multi-wall nanotube (MWNT) have 

the same properties. They are also showing thermal 
conductivity and mechanical strength and electrical 

conductivity. Because of their unique properties, they exhibit 

different values and the same properties when measured in a 

different direction. They have numerous applications of 

Carbon-wall nanotube (CNT) like heat sinks, structural 

composites, microelectronic interconnects, etc. Multi-wall 

nanotube (MWNT) and single-wall nanotube (SWNT) have 

dissimilar properties. Because of their complex construction. 

SWNT is narrow than MWNT. MWNT has an inner tube that 

is also shielded due to the outer layer. Differentiation must be 

given below of the following DWCNT have comprised of 
just of two nanotubes, it consists of one nested with other as 

of SWNT. They have the same differentiation. They varied 

dissimilarity in the middle of the two nanotube diameter as a 

result the nanotube was attached to the two tubes. This 

results in the there is moderation made in the outer layer of 

the nanotubes without modifying the difference of the inner 

nanotube. There is a synthetic bled between MWNT and 

Single-wall nanotube (SWNT) and they possess electrical, 

thermal stability, and flexibility. SWNT is unsafe to breakage 

(Bhatt et al., 2016). 
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Fig. 2 : Carbon nanotube 

3.2 Thermal property           

According to carbon nanotube diamond is a good 
thermal conductor. Carbon nanotubes show thermal 

conductivity two times of diamonds. The carbon nanotube is 

small in size and unique in structure due to its small size and 

effect. Carbon nanotube has both thermal management and 

low dimensional band structure both are on microscale and 

macroscale (Ibrahim et al., 2016). Carbon nanotube has a 

better thermal conductor as a result of the strength of atomic 

bonds. They affect the temperature of thermal conductivity. 

Some factors impact the thermal properties like the length of 

the tube, number of structural defects, and atomic 

arrangement as well as impurities present in the carbon 
nanotube (Ibrahim et al., 2016). There are many challenges 

faced like meteorology, microelectronics, transportation 

manufacturing. MWNT has inter-shell coupling and SWNT 

as inter-tube coupling that results in the 3D graphite that has 

low-temperature express. 

3.3 Mechanical property 

We cannot measure the theoretical and mechanical 

properties of carbon nanotubes because it is difficult to 
achieve uniform and homogeneous carbon nanotube samples. 

Singal wall carbon nanotube enhances tensile strength. 

Multiwall carbon nanotubes also protect the inner wall of the 

carbon nanotube. Therefore, tensile strength is stronger as 

compared to steel in a single-wall carbon nanotube. And 

another one is astonishing property is elasticity. On the other 

hand, carbon nanotubes turn kind, buckled, and twisted 

without any harm. They also come back to their original 

position. Moreover, elasticity can temporarily disfigure in 

powerful force. As compared to other carbon nanotubes have 

a mechanical advantage. Therefore carbon nanotube is 
potentially material of applications like carbon nanotube-

polymer composites. It also decreases the mechanical 

properties due to their structural fault. (Eatemadi et al., 2014) 

3.4 Vibrational property 

Phonos take vibration frequency in the same way as 

photons and phones are vibrations that oscillate single 

frequency. They have a common mode of vibration that 

affects condensed matter that comprises mechanical, thermal, 

and transport properties (Dresselhaus et al., 2005) phonon act 

like a particle that constitutes in a quantiztonzation vibration 

mode of interacting particle. Crystal has N number of atoms 
and consists of 3N phone branches. Crystal has zero 

frequency with their three modes according to a unifortm 

displacement of crystal. Phonons are bosons they are 

important in thermodynamics and thermal conducting 

process like the scattering process to make the electrons 

equal with numerous electron phenomenon. Like 

thermoelectricity, electrical conductivity, and 

magnetotransport. Optical properties and transport play a 

major role which decaying lower energy by electrons and 

quasiparticles. 

3.5 Chemical properties 

Carbon atoms are the construct of carbon nanotube that 

take have the versatility of carbon and it has potential to form 

dissimilar combinations. It can be used by numerous 

reactions. A few are given below. 

3.5.1 Solubility  

For enhancing the reactivity degree, purification and 

homogeneous dispersion property of solubility play an 

important role. But the problem that occurs with CNT is the 

collection of tubes that create problems in dispersion in 

various solvents and other polymeric mediums. Due to the 

hydrophobic nature of CNT, it is not soluble in water. Their 

insolubility and difficulty in dispersion in solvents give 

limitations in their applications. To overcome the issue of 

dispersions sonication is being used but immediately after 

this process precipitation occurs. The single-wall nanotube is 

mostly insoluble but the suspension can be formed in THF, 
CMF, toluene, etc. (Singh et al., 2016) For nanodevice 

fabrication supramolecular complexes and interaction of 

CNT with various compounds provide better processing. 

Apart from that, the reaction of CNT with the different 

chemical make it more soluble and can be used in different 

applications.  

3.5.2 Functionalization 

In value chain functionalization of the nanotube is the 
main component due to dissimilar groups, it is easy to 

interchange solubility, physicochemical and chemical 

reactivity. At the end of the carbon nanotube and sidewalls, 

there is a functional group (Ibrahim et al., 2016). It is easy to 

break the nanotube bundles (Adamska et al., 2017). On the 

other hand, chemical functionalization is of two types it is 

endohedral and exoherdal it is convenient or non-covalent 

functionalization. In endohedral On the defect sites, there is 

molecule or atom of the nanotube is filled (Singh et al., 

2016). The functional group of carbon nanotube refers to 

covalent linkage. 

4. Toxicity 

Toxicity is one the very important field of study in 

CNT, as different application and production of CNT is in 

use on large scale and it increases constantly. Directly or 

indirectly but the general public is to be exposed to carbon 

nanotubes. Due to this, it is necessary to pay attention to 

human health especially to the pulmonary system of humans, 

as it is the primary root of carbon nanotube exposure. Human 
lungs when exposed to nanoparticles then show toxicity due 

to modification in protein structure, initiating inflammatory, 

escaping from the phagocytic barrier, and by immunological 
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reactions (Ibrahim et al., 2016). The various properties like 

size, surface area, agglomeration, structure, surface 

chemistry, purity play their role in the toxicity and reactivity 
of CNT. In CNT single-wall nanotube is more harmful than 

the other one (Ghasempour et al., 2018). Before using CNT 

there is still a need of doing more research and study to avoid 

further harmful effects on humans. CNT depends on catalysts 

present in it, functionalization, and their types and 

aggregation. It is shown that the functionalized CNT is non-

toxic to animals whereas it is shown in in-vivo that the raw 

CNT is toxic to the lungs of mice (Khalid et al., 2016). By 

attaching a covalently polar functional group in 

functionalization there is a decrease in cytotoxicity to zero. 

Same as that toxicity of functionalized CNT with non-

covalent bond depends on the functional group and their 
nature. Coting of CNT can useful as that coting allows the 

CNT for external modification to control toxicity without 

affecting the internal one or internal properties. 

5. Types of carbon nanotubes 

5.1 Single-wall carbon nanotube 

Single-wall nanotube comprise of diameter 0.4-2 nm in 

range. It consist of cylindrical carbon layer they are based on 

temperature at which they synthesize. It was initiate that 

larger is the diameter higher the higher is the growth of 

CNTs. 

SWCNTs structure are helical, arm chair or zig-zag. 

The SWCNTs have more area for bio- conjugation (14) and 

drug loading and have a larger surface area of 1300m/g. In 

drug loading MWCNTs are less efficient than SWCNTs. 

SWCNTs are more efficient. Because SWCNTs have higer-
ultra surface area and more drug delivery capacity. SWCNT 

anticancer have longer blood circulation .which leads to more 

assist and protract of drug by tumor cell and increase 

retention effect and permeability. SWCNT is excreted from 

body and SWCNT is let go from particular area and best 

platform for cancer therapeutic agent and SWCNT is easy for 

drug loading. 

 

Fig. 3 : Single Wall Nanotube 

5.2 Multiple-wall carbon nanotube 

Multiple Wall CNTs is made of graphene single sheet 

round by hollow core carbon. Its inner diameter ranges from 

1-3nm and outer diameter ranges from 2-100. In multiple 

wall CNT delocalized electron is generated along with the 

wall due to hp2 hybridization that lead to adjacent cylindrical 

layer interactions in multi wall CNT that results in defects in 

structure and flexibility. 

There are two categories of multiple wall CNT. One is 

based on graphite layer arrangement that has structure of 

parchment-like around which graphene sheet is rolled up and 

the second one is Russian doll model in which concentric 

structure is arranged with graphene sheet layers.  

 

Fig. 4 : Multiple Wall Nanotube 

 

Fig. 5 : Different layers of MWNT 

6. Applications of carbon nanotube 

● Carbon contains some unique properties which when 

combines with molecules of single-wall carbon 

nanotubes then it endow some extraordinary material 

properties like very electrical and thermalconductivity, 

toughness in them, strength, and stiffness. 

●  Carbon has the only properties to form bonds to itself 

with the extended network with C-C bond strength. Each 

atom donates a delocalized pi-electron which is free to 

move in the entire structure, rather than left with their 

donor atom, giving the first metallic type molecule with 

electrical conductivity. Furthermore, high-frequency 

vibrations of the C-C bond offer an intrinsic high 

thermal conductivity. 

● Due to the defect that occurs in their structure in most of 

the material, some of the observed properties of material 

like their electrical conductivity, their strength, and 

many more are degraded. For example, steel with high 

strength generally fails at 1% of its breaking strength.  

● For owing molecular perfection of CNTs structure, the 

achieved value should be close to the theoretical limits. 

The diameter of CNT is in nanometre, but it can be 

manipulated in different useful ways physically and 
chemically. That property allows it to give different 

applications in different fields like energy management, 

electronics, chemical processing, and many more.
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Fig. 6 : Applications of CNTs in different fields 

 

6.1 Field Emission Applications 

 In the field of emission, CNTs are considered as the 

best of any other material. This can be understood as their 

electrical conductivity is very high and their tip has great 

sharpness (smaller the radius of the tip of curvature, more 

will be the concentration in the electrical field, gives higher 

field emission). Tip’s sharpness is the indication of the 
emission of low voltage, that helps in making electrical 

device of low power. Its current density is high at about 1013 

A/cm2. Moreover, it gives a stable current and it uses in 

making flat panels that are based on field emission. In-

display that based on CNTs every individual pixel uses a 

different electron gun. In the application of field emission, 

CNT is very attractive due to its higher density in current, 

stability, long-lived property, and low voltage. Other than 

that field emission property of CNT is also utilized in cold 

cathode lighting with low voltage, as a source of an electron 

microscope, and lighting arrestors (Wei et al., 2001). 

6.1.1 Array entries  

Currently, the normal vacuum condition of CNT is 10 

to 8 Torr, and of metal filed is 10 to 10 Torr. It is one of the 

advantages of a CNT emitter over a metal field. (Saito et al., 

1998). At 1mA/cm2 current density of the CNT, the emitter is 

stable, and it gives 2% fluctuation with no bias resistors. In 

displays like flat-panel, this type of current emission is 

enough for practical use (Lan et al., 2011). In 1999 Zhu et al. 
observed that CNT-made field emitters have excellent 

properties of microscopic emission, and even at a very high 

current density of up to 4 A/cm2, they are easily operatable. 

Other than that, they can emit 10 mA/cm2 of current density 

at a shallow electric field (4-7 V/mm). Nanotube ends 

originate the emission, which possesses structured ring 

characteristics. Those characteristics and CNT durability 

offer various applications in the device of vacuum 

microelectronics.  

6.1.2 Lightning  

There are three types of CNT-based lightning devices. 

The first one is of cylindrical geometry, light-emitting 

cathode luminescent. In this system, the light is emitted by 

supporting a conductive cathode placed on a cylindrical 

anode’s axis. An anode is a conductive coating glass tube 

with a layer of phosphor on its inner surface (Chung et al., 

2008). The second one is flat-panel diode structure 

luminescent light with emission cathode of carbon nanotube 

array field (Murakami et al., 2000). In this panel source, the 

growth of CNT arrays is vertical on the substrate and other 

catalyst particles. CNT tips can be bombarded by the 

electrons on the phosphor source with high voltage to 

generate the light source of the first type. (Lan et al., 2011). 

Lights based on CNTs can emit colored and white light both. 
The CNT-based light source can give stable light emission, 

its lifetime is a log over 4000h, and its threshold voltage is 

also low (Saito et al., 2000). The white color light device of 

CNT based is stable with 2% of fluctuation with no bias 

resistors. Carbon nanotube cold cathode gives about 6×104 

cd/m2 luminance of green light. The third one is the light 

source of planner incandescent, which contains CNT sheets. 

Generally, the CNT sheets are fabricated due to dry spinning, 

and those pure carbon nanotubes have two electrodes. Within 

1 min, CNT heated over 1000°C when current passes through 

CNT sheets and then light emits. 

6.2 Optical devices 

Nanoscale dimensions help CNT in the weak 

interaction. All the elements of CNT look physically 

identical when the light incident with the same size of CNT 

arrays. When the semiconducting nature of CNT interacts 

with light, then in the process of photoelectric, a carrier 

(photo-induced) is generated, and that can be utilized in solar 

cells, especially in photoelectrochemical cells. All aligned 
CNT is in a 3D form used in optical devices and by PECVD; 

these are generally fabricated.  

6.2.1 Photonic crystals 

Diffracted light of periodically aligned carbon nanotube 

arrays acts as polaritonic crystals along with photonic 

bandgap and polaritonic formation (Kempa et al., 2003). 

Behaviour of those crystals lies in the high aspect of 
individual CNT ratio, their periodic distribution of 

wavelength – scale perpendicular to the alignment, which is 

the reason behind the periodic modulation of the system’s 

dielectric function in high contrast (Wang et al., 2004). 

Coated CNT can extend photonic crystal variation, and to 

obtain photonic array (non- metallic) structural templet of 

photonic crystals can also be used (Kempa et al., 2003). 
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6.2.2 Optical antennae  

If the length of CNT is about a few hundred, then the 

visible light interaction of arrays gives a series of a peak with 

an intense reflection spectrum. And that interaction is due to 

the oscillation of the carbon nanotube’s free electron in an 

excited state by EM field (electromagnetic field). Suppose 

the length of CNT matches with wavelength field so that L= 

mλ/2, that may further change into a resonating state. 

Therefore, CNT belongs to optical antennas in which high 

absorption or scattering efficiencies show by metallic 
nanostructure. These properties of CNT of working as optical 

antenna gives various opportunities in future applications in 

optoelectronic devices like in solar cells, detectors, polarizer, 

etc. 

6.3 Energy Storage 

CNTs are uses as an electrode in different batteries and 

capacitors (the two most fast going technology significance) 

because of its intrinsic properties. The surface area of CNT is 
high, it's about ~1000m2/g and the linear geometry that CNT 

posses allow electrolyte to easily get accessed through their 

surface.  

Carbon nanotubes can also be used in lithium-ion 

batteries due to having the highest capacity of reversibility 

(Geo et al., 2000). Furthermore, CNT is also the best material 

for an electrode in a superconductor (Ma et al., 2000) and is 

currently in demand for this application. 

6.3.1 Fuel cells 

Fuel cells are constructed of three-segment that is the 

same as batteries and ultracapacitors in this energy is kept in 

a cell. Fuel cells are consist of cathode, anode, and 

electrolyte. In the existence of electrolytes, electricity is 

produced due to the reactions of oxidants and external fuel. 

In anode hydrocarbons, alcohols and hydrogen are usually 

oxidized to produce positive and negative charge electrodes. 

It consists of the polymer membrane, molten carbon, solid 
oxide substance, and aqueous alkaline solution that stops the 

passage of electrons in ions. On the other's hand, In fuel cells, 

methanol is used to transport carbon dioxide or water. An 

electrolyte is transported are recombined throw the reaction 

with similarly chlorine dioxide and oxygen or chlorine to 

make carbon dioxide and water. 

6.3.2 Lithium-ion batteries 

The conversion of chemical energy in a closed system 

at cathode and anode via redox reaction and generation of 

electrical energy in batteries. In batteries, electrolyte solvent 

has a contribution to interphase to solid electrolyte, on the 

other hand, electrolyte solvent has no involvement in the 

mechanism of storage of charge in ultracapacitors (Lan et al., 

2011). The wide use of rechargeable lithium-ion batteries in 

most electronic devices. When lithium-ion passes between 

electrodes of graphite and metal oxide, there is the release of 

charge in batteries. CNT fabrication of electrodes in 

comparison with amorphous electrodes of carbon is ten times 

lighter and thinner and has a thousand times greater 
conductivity. In comparison with materials of carbon, lithium 

batteries are utilized nanofibers and N-doped CNT and have 

efficiency in reversible Li storage (Souza Filho et al., 2009). 

 

 

Fig. 7 : Lithium ion battery 

6.3.3 Hydrogen storage 

Usually, graphite, carbon fiber, and carbonaceous 

metal-made electrodes are used in fuel cells, in some 

batteries, etc. Some of the properties which make CNT 

applicable for energy storage are its small size, flawless 
surface, smooth topology surface, specificity. Due to 

combustion products with water, hydrogen can use as an 

energy source. Other than that, the generation of hydrogen is 

also easy. This is why storing hydrogen is necessary, and it 

also overcomes the limitation of a combination of weight and 

volume. The two common ways to store hydrogen are 

adsorption of electrochemical and gas phases. Due to the 

hollow cylindrical structure and size in the nanometer of 

CNT, it can be applicable in storing hydrogen by using the 

capillary effect. By using physisorption, SWNT can also be 

used. Nowadays, the mechanism of storing hydrogen and its 

process is not available, as electrochemical storage is another 
way of storing hydrogen. The adsorption of the H atom is 

done by chemisorption, not by hydrogen molecules. 

6.4 Molecular Electronics 

For the last 5 years, the thought of making electronic 

circuits is in growth and it is one of the important parts of 

nanotechnology. When the dimensions in any circuit reduce 

to nanoscale then the interconnection became more important 
between other devices and switches. All the ability which 

required for suitable connections in molecular electronics 

like electrical conductivity, precisely derived, and geometry 

are there in CNTs which make them more suitable for this 

application. 

6.4.1 Artificial implants 

Generally, post-administration pain, when implanted 

with a body it shows rejection. And to avoid this rejection, 
nanotubes, and nanohorns can be used with amino acids and 

proteins. Other than that, to prevent rejection reaction in 

artificial joint form as implant they can be used. Furthermore, 

because of high tensile strength, CNT can be used as a bone 

substitute when calcium is filled and arranged in bone 

structure. 

6.5 Conductive Plastics 

For the last few years, plastics have been used as a 
substitute for metals. In general applications, plastics have 

grown vigorously, but there is no need for electrical 

conductivity as plastic is one of the best-known insulators. 

To minimize this deficiency of plastics can be loading up 

with conductive fillers, like graphite fibers and carbon. 

Typically high loading is required for heavy parts, especially 
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those parts that contain highly degraded structural properties 

to get the conductivity in plastics by using conventional 

fillers. As the aspect ratio of filler is high, the required 
loading becomes low. That’s why CNT has been used 

because as compared to other fibers CNT contains the 

highest aspect ratio. Moreover, it has a natural tendency of 

forming ropes that gives long conductive pathways even after 

low loading. 

These properties of CNT can be utilized in different 

applications like in ESD which stands for electrostatic 

dissipation; enclosures, gaskets coating, shielding, and many 

more; materials that absorb radar for application of low 

observable; and antistatic materials and another coating like 
conductive coatings. 

6.6 The Thermal Conductivity 

Carbon nanotubes have heat and electrical conductivity 

along with other mechanical properties. And because of this, 

probably they are the best possible electron field emitter. 

They are pure carbon and can make polymers of it and they 

can be manipulated by using extremely advanced chemistry. 

Due to this, they offer to change in structure for the 

optimization of their solubility and their dispersion. CNTs 
can be considered as molecularly perfect as their nanotube 

structure is free from degrading flaws properties. Their 

property makes them intrinsic and that allows them to be 

prospectively used in different applications. 

6.7 Biomedical Applications 

Since we know that the human body is made up of 

carbon, thus it is considered a biocompatible material. 

Although CNT application in biomedical is still in progress. 
CNT has no toxic effect on humans as shown in one of the 

demonstrations, also CNT does not adhere to human cells. 

There are other applications like for ship's anti-fouling 

coatings and prosthetics coating. 

CNT is useful in neuron growth, in regeneration, and 

also in vascular stents when sidewalls of it get chemically 

modified. Nanotube can form bonds with single-strand DNA 

which can get inserted into the cell subsequently. 

.  

  
Fig. 8 : Biomedical applications of CNT 

 

6.7.1 Cancer Therapy 

CNTs have high drug capabilities, small size, and 

divide unbounded, which leads to the growth of tumors 

differentiated into diverse nanocarriers.CNTs build up site-

specific delivery. 

6.7.2 CNTs in gene therapy 

CNTs in gene therapy are a new method to use the 

obtain disorders by transferring effective molecules similarly 
to micro-ribonucleic acid, small-interfering ribonucleic acid, 

and short hairpin ribonucleic acid (Qu et al., 2018). The 

complicated capability enables CNT to transmit the 

perspective of gene therapy and transfer different types of 

nucleic acid. 

It is decisive for CNTs and essential for the transport of 

nucleic acid (Bates and Kostarelos, 2013) CNTs are curious 

about the delivery of genes because, in the plasma 

membrane, they penetrate cell straight through the plasma 

membrane because of size and lipophilicity without 

endocytic pathways. 

6.7.3 CNTs in vaccine delivery 

CNTs have unique characteristics like multiple antigen 

copies, low toxicity, in vivo stability, and deficiency of 

immunogenicity, which have been utilized for vaccine 
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delivery for cancer. The hollow structure of CNTs has the 

capability of multiple antigen conjugation.CNTs can repress 

innate immune responses and cause normal vaccines. 

6.7.4 CNTs in antibacterial and antifungal treatment 

CNTs are used in the transport of antifungal and 

antibacterial agents. 

CNTs greater bacterial activity and interrelate with 

microorganisms or damage cell membranes. 

6.7.5 Diagnostic imaging  

CNTs do not encourage the diagnosis of stages of 

cancer. Moreover, biomedical imaging is used as a probe to 

enhance tissue penetration and perform the multimodal 

treatment.CNTs are used as a contrast agent. 

6.7.6 CNTs in photothermal Therapy 

photothermal Therapy is an approving strategy used 

near-infrared to generate heat for the ablation of tumor cells 

(Zou et al., 2016). It also decreases generated in normal cells. 

6.8 Ceramic Applications 

Ceramic material produced by UC Davis was 

strengthened with CNT as a material scientist. Comparing 
with the traditional one the new material is tougher, 

electricity conductor, and can use as a thermal barrier, and 

can conduct heat also. 

Though ceramic materials are heat resistant, hard, 

brittle, and resistant to chemical attack. That makes it useful 

in various applications like turbine blade coating. Aluminum 

oxide in powdered form mixed with 5 to 10% of CNT, with 

milled niobium (5%) used in spark-plasma process sinter by 

researchers. This process is more useful as compare to the 

traditional process because it can collect more ceramic 
powder at low temperatures.  

New materials have up to 5 times more fracture 

toughness than alumina (traditional). The new material made 

with CNT exhibits seven times more electrical conductivity 

than the earlier one. It also has other properties that make it 

perfect for coating thermal barriers like fascinating thermal, 

unidirectional heat conductor, the reflection of heat at a right 

angle, and nanotube alignment. 

6.9 Catalyst Supports 

Carbon nanotubes have different properties and catalyst 

support is one of the competitive properties in them 

(Mintmire et al., 1995). These properties make CNT more 

attractive and useful in various fields (Serp et al., 2003). 

Some factors such as abrasion resistance, some specific 

absorption properties, thermal stability, dimensional stability 

are important ones for catalytic activity in reproducibility and 

final activity. High purity, the effect of specific metal on 
catalytic activity, and also on selectivity and mesoporous 

nature are some of the advantages of CNT supports over 

other activated carbon. 

7. Conclusion 

CNT shows different properties like thermal, high 

mechanical strength, and large electrical conductivity. They 

have an exceedingly large aspect ratio and a high area of a 

surface. It is very useful for understanding the chemical and 
physical properties of carbon nanotubes in deep. Properties 

of Carbon Nanotube is not limited to only thermal 

conductivities or electrical conductivities, it also has 

mechanical properties like toughness, stiffness (rigid nature), 

and strength. These properties allow it to be used for other 
applications, as in advanced composites. Therefore carbon 

nanotubes have numerous uncountable applications in 

various fields. In this chapter neither we are confirming all 

over the applications of nanotubes nor concluded every 

research related to carbon nanotubes but still there are some 

more to be discovered.  
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Abstract 
 

Various changes and variations can occur during the bread-making and storage process that affect the safety, quality 

characteristics, and acceptability of the bread. The present study was aimed at the determination of the microbiological 

quality of bread and sanitation conditions of local bakeries in Aliero town, kebbi State.  A total of 16 bread samples (3 

from each bakery) were collected. Sociodemographic and sanitation condition data were collected through interviews and 

using an observational checklist. Standard microbiological methods were used for the enumeration, isolation, and 

identification of bacteria and fungi.  The result of sanitary conditions shows that four bakeries (66%) use boreholes as 

source of water supply, two (33%) use well and none of them use pipe borne. In addition, zero (0%) use a flush system of 
latrine, and 66% have a pit-latrine while 33% have no latrine facility. All (100%) have stored refuse properly and also use 

open surface/ditch as a waste disposal method.  

Keywords : Bread contamination, Sanitary condition, Microbiological quality, Total bacterial count. 
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Introduction 

Bread is a loaf prepared by baking dough made from 

flour, salt, sugar, yeast, and water. Other components may 

include fat, milk, milk solids, egg, and anti-oxidants, among 

others. Bread is an essential staple in Nigeria, with a stable 

and rising consumption. It is, however, quite costly due to the 

usage of imported wheat flour (Edema et al., 2004). Bread is 

widely consumed in both developed and developing cultures 

(Abdelghafor et al., 2011). Bread has become one of the 

most popular nonindigenous meals in India, while bread has 

surpassed rice as the second most popular nonindigenous diet 
in Nigeria (Das et al., 2012). It is popular in most 

households, restaurants, and hotels. (Emeje and colleagues, 

2008) White bread is the most popular bread in Nigeria. This 

bread is baked using refined whole wheat flour, commonly 

known as all-purpose flour, and it has a characteristic white 

color since the wheat bran has been removed. Protein meals 

are usually costly and out of reach for the majority of people 

in developing countries like Nigeria (Malomo and his 

associates, 2012).  

Various changes and variations can occur during the 
bread-making and storage process that affect the safety, 

quality characteristics, and acceptability of the bread. One of 

these changes is microbial spoilage, such as that caused by 

mold, bacteria, and yeast. Aspergillus, Fusarium, and 

Penicillium are the most common molds that spoil bread 

(Gerez and colleagues, 2009). Other spoilage molds have 

been described and identified in wheat bread products, 

including Cladosporium, Mucorales, and Neurospora 

(Pateras, 2007). The main source of mold rot is post-

processing contamination, as loaves of bread are free of mold 
or mold spores due to heat inactivation shortly after baking 

(Pateras, 2007; Wang et al., 2017). 

Bacillus spp., especially B. subtilis and B. licheniformis, 

can contribute to the bacterial spoilage of bread (Cizeikiene 

et al., 2013). A delayed cooling period or storage above 25 

°C, a pH above 5, a high spore content, and moist bread are 

mentioned as environmental variables that can promote 

bacterial bread contamination (Pateras, 2007; Soboleva et al., 

2016). Such bacterial Contamination is typically caused by 
raw dough ingredients, wheat having the greatest impact, or 

equipment (Pateras, 2007). Bacterial spores affect the quality 

of the finished bread product because they are difficult to 

eliminate and can germinate and multiply within 36 to 48 

hours after baking to produce a soft, stringy, brown dough in 

the bread that has the smell of an overripe melon or Valerian 

mimics (Puckova et al., 2005; Soboleva et al., 2016).  

 Despite significant modernization of bread making, 

fundamental problems remain, mainly due to its perishability, 

with a limited mold-free shelf life of 4 to 10 days affected by 
storage and treatment factors due to the high water activity of 

bread, which is typically around 0.95 (Cauvain, 2012). 

Concerns about the safety of bread have increased as a result 

of the indiscriminate use of potassium bromate, although the 

storage and handling process, the condition of the bread 

processing environment, and the health of workers in the 

industry are important factors to ensure consumer safety 

(Isong et al., 2013). Furthermore, despite best efforts to 



 

J. Sci. Innov. Nat. Earth 35 

Shamsudeen et al. 

ensure that residents receive quality bread, there are several 

pathways in the production chain through which bread can 

become contaminated, particularly during packaging and in 
the factory by sellers (HPA, 2009). 

 

Materials and Methods 

Study Area 

 Kebbi State in northern Nigeria has the town of Aliero. 

located at 12°16′42′′N 4°27′6′′E, southeast of Kebbi State. 

The town serves as the local government area's 

administrative centre. The town is a significant producer of 

onions in Nigeria and is home to the largest onion market in 

northwest Nigeria.  

Informed Consent 

  A total of six different bakeries were identified in the 

town of Aliero. The population for this study consisted of all 

Aliero bakery businesses, regardless of their legal status. The 

bakery owners gave their informed consent. 

Samples Collection 

 Six bakeries provided samples of freshly made bread. 

The manufacturers provided a total of sixteen bread samples 

(three each). Bread samples were collected in sterilized 

polyethylene bags. They were labeled and taken to the 

laboratory for microbiological analysis. 

 

Assessment of Managers' Socio-demographics and the 

Factory's Sanitary State 

To obtain data on managers' socio-demographic 

variables, a structured researcher-administered questionnaire 

was employed. In addition, an observation checklist was 

employed to collect data on hygienic conditions. Water 

supply, toilet availability, waste disposal, refuse 

management, and waste disposal were all evaluated. The 

presence relevant item received a value of "1," while its 

absence received a score of "0." 

Determination of Microbial Load  

 The spread plate technique was used to determine the 

total plate count using nutrient agar medium. The plates were 

inoculated and incubated at 37 degrees Celsius for 24 hours. 

The total number of bacteria cfu/g of each sample was 

calculated and recorded. In addition, the samples were 

inoculated into SDA medium supplemented with 

chloramphenicol (40 mg/l) using the spread plate technique. 
The plates were incubated at 25 degrees Celsius for 5 days. 

Visible colonies were counted and the total number of fungi 

was calculated and recorded as cfu/g (Cheesbrough, 2005). 

Identification of Bacterial and Fungal Isolates  

Bacterial isolates were characterized using the methods 

provided by Cheesbrough (2002) to determine the 

morphological and biochemical properties of the bacteria. 

The fungal cultures were subjected to macroscopic and 
microscopic examinations. The physical properties of 

mycelia, such as color and structure, were noted. The 

growing fungus was placed on a slide, stained with 

lactophenol cotton blue, covered with a coverslip, observed 

under a microscope, and identified by colony shape and spore 

characteristics (ICMR, 2019; Humber, 1994). 

Data Analysis 

Data were analyzed using SPSS version 16 and 

provided as mean+SD of triplicate determinations. Ms. Excel 

was utilized for graphical representation. 
Results 

Socio-demographic Characteristics of Managers of 

Bakeries  

Table 1 shows the sociodemographic information of the 

six bakery managers who took part in the study. The findings 

indicated that all of the managers (100%) are male, with 5 

(83%) falling between the ages of 19 and 34, and 1 (16%) 

falling between the ages of 35 and 50. In addition, four 
managers (66%) have no formal education, while just two 

(33%) have tertiary education. Marital status indicated that 

all of the managers (100%) are married. All of the managers 

have had no hygiene or sanitation training, and their licenses 

have not been renewed by an authorized agency. 

 

Table 1 :  Socio-demographic Characteristics of Managers of 

Bakeries 

Variable Characteristics 
Frequency 

 (N=6) 

Percentages 

(%) 

Sex 
Male 

Female 
6 
0 

100 
0 

Age 
19-34 
35-50 

>50 

5 
1 

0 

83 
16 

0 

Educational status 

No formal 
education 
Primary 

Secondary 
Tertiary 

 
4 
0 
0 
2 

 
66 
0 
0 
33 

Manager's training on 

 hygiene and sanitation 

Yes 

No 

0 

6 

0 

100 

License renewal by 
 the authorized body 

Yes 
No 

0 
6 

0 
100 

 

Sanitary Conditions of Bakeries in Aliero  

According to the findings, four bakeries (66%) utilize 

borehole water as a source of water supply, while just two 

(33%) use well water, and none use piped water. Similarly, 

none of them utilize a flush kind of latrine, and 66% have pit-

latrine facilities, while 33% do not. All (100%) have properly 

stored their refuse and disposed of it in an open surface/ditch 

as shown in table 2. 

Table 2: Sanitary Conditions of Bakeries in Aliero 

Variable Characteristics 
Frequency 

(N=6) 

Percentages 

(%) 

Water 

supply 

a.Piped borne 

b..Borehole 

c.Well 

0 

4 

2 

0 

66 

33 

Latrine 

availability 

a.Flush 

b.Pit latrine  

c.Not available  

0 

4 

2 

00 

66 

33 

Waste 

disposal 

a.Open surface/ditch 

b.Septic tank/latrine 

c.Not available  

6 

0 

0 

100 

0 

0 

Refuse 

management 

a.Proper refuse stored 

b.Improperly stored 

c.Not available  

6 

0 

0 

100 

0 

0 

Refuse 

disposal 

a.Munipal container 

b.Onsite disposal  

0 

6 

0 

100 
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c.Burning  0 0 

 

Total Bacterial Count of bread 

The total bacterial count of bread sold at Aliero town 

Kebbi State is given in table 3 below. The result revealed that 

sample code FB has the lowest bacterial count 7.4×105, while 

the highest bacterial count is 14.4x105. 

Table 3: Total Bacterial Count of bread 

Sample code No.Colonies Cfu/g Mean±SD 

SB 144 14.4×105 144±33.94 

IB 106 10.6×105 106±19.80 

HB 108 10.8×105 108±50.91 

FB 74 7.4×105 74±25.46 

WB 116 11.6×105 116±28.28 

AB 112 11.2×105 112±45.25 

 

Total fungal count of bread 

Table 4 shows the colony count of fungi isolated from 

bread sold at Aliero town kebbi state. Based on the result the 

highest fungal count is 9.0×103, while the lowest fungal 
count is 1.1×103. 

Table 4: Total fungal count of bread. 

Sample code No.Colonies Cfu/g Mean±SD 

SB 90 9.0×103 90±7.0 

IB 15 1.5×103 15±35.35 

HB 70 7.0×103 70±2.21 

FB 12 1.2×103 12±2.28 

WB 11 1.1×103 11±3.35 

AB 13 1.3×103 13±1.14 

 

The Identification of Bacterial and Fungal Isolated 

from the Bread 

As shown in figure 1, the bacteria identified include 
Escherichia coli (29.4), Pseudomonas spp. (14.7), Proteus 

spp. (20.6), and Bacillus spp. (35.3). In addition, figure 2 the 

shows fungi isolates that includes:  Fusarium spp. (20%), 

Rhizopus spp. (28%), Aspergillus spp. (8%), and Penicillium 

spp. (44%). 

 
Fig. 1: Bacterial isolates by percentage of occurrence 

 

 
Fig. 2:  Fungal isolates by percentage of occurrence 

 

Discussion 

This study deals with the microbiological quality of 

bread and the hygienic conditions of bakeries in the city of 
Aliero, Kebbi State, Nigeria. Socio-demographic information 

from 6 bakery managers who took part in the study revealed 

that all managers are men (100%). The role of gender in 

socioeconomic development is often influenced by cultural  

 

 

orientation and varies from one geographic location to 

another.  Furthermore, 4 (66%) of managers have no formal 

education, while only 2 (33%) have tertiary education. All 

employees involved in bread-making must have appropriate 

basic education, and training/experience (NAFDAC and 
FSAN, 2018). 

The results of this study revealed that all the managers 

have no training on hygiene and sanitation even though the 

presence of trained food handlers and managers can reduce 

foodborne disease and enhance sanitation and hygiene 

practices of food establishments (Boro et al., 2014). The 

reason may be training activity on hygiene and sanitation was 

not organized in the study area by the concerned authority.  

The study result showed that the percentage of food 

bakeries that held a renewed formal license certificate was 

0%. The main reason could be the inefficient efforts of the 

regulators involved, and the unwillingness of managers to 

renew their licenses could be a secondary factor. This is in 

contrast to the results of (Girmay et al., 2020) who reported 

that 28.1% of food establishments had a renewed formal 

license certificate. In addition, the study results showed that 

all bakeries are missing very important sanitary parameters 

(lack of running water and on-site waste disposal). It has 

been suggested that food should be prepared in places far 
from sources of contamination such as garbage, sewage, and 

animals (Alimentarious, 1995; NAFDAC and FSAN, 2018). 

The mean total bacterial count (7.4×105-14.4×105) in 

the present study is higher than that reported by Daniyan and 

Nwokwu (2011) between 4.5 and 6.8 log CFUg-1 minced 

bread. The overload of total bacterial counts in bread samples 

could be due to poor hygiene of the bakery, bread vendors, 

and transport materials (Adesetan et al., 2013). Ehavald 

(2009) also reported that more than 90% of bread 

contamination occurs during the chilling, transport, slicing, 
and packaging processes. Most processed foods are 

considered harmful if they contain large populations of 

mesophilic aerobic microorganisms, even if the organisms 

are not known to be pathogenic (Sudershan et al., 2009).  The 
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mean range of fungal counts in the present study was 

9.0×103–1.1×103. This is higher than in the studies by 

(Shiferaw et al., 2018) who reported mean counts (log CFUg-

1) of molds and yeasts of 4.0 and 3.0, respectively. Typically, 

molds and yeasts are the predominant microbial group 

contaminating bread during processing and handling (Lai and 

Lin, 2007). The presence of a high fungal count could be due 

to litter in the environment. Preventing mold growth in food 

is difficult, but its level can be reduced by maintaining 

hygienic conditions during food processing and storage. 

Mold spores can be carried by the wind and thus easily find 

their way into the food sample (Viljoen and von Holy, 1997). 

The microflora isolated in the present study were 
Bacillus spp. followed by Escherichia coli, Proteus spp., and 

Pseudomonas spp. This is in  consistent with the report by 

(Shiferaw et al., 2018) in which Bacillus spp. Pseudomonas 

spp. have been isolated, but differs in isolation of 

Staphylococcus spp., Micrococcus spp., Acinetobacter spp., 

and Aeromonas spp. The prevalence of Bacillus spp. among 

isolates could be due to the ability of Bacillus species to 

resist desiccation, allowing them to survive in dry products 

such as grain and flour. B. cereus is widespread in the 

environment and can be isolated from soil, water, and 

vegetation (Adams et al., 1995). Vegetative bacteria, as well 
as molds and viruses, are easily killed during baking, but 

post-baking contamination from air, equipment, and handling 

devices can occur (Dale, 2003). One of the limitations of this 

work is that it did not consider the food handling practices of 

food processors in bakery operations. 

Conclusions 

 Different types of pathogenic and non-pathogenic 

microorganisms were found to contaminate bread samples in 
bakeries. Therefore, regulators, state departments of health, 

and local environmental health units must ensure that 

bakeries comply with regulations and guidelines, and 

requirements for breadmaking. In addition, educational 

programs aimed at changing the attitudes of food managers 

and processors have been recommended. Future studies 

should focus on the count of bacteria from food utensils, food 

processors, and bacteriological testing of water used to bake 

bread. 
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Abstract 
 

The kinds of breeding containers made out of the various materials that can be discovered in urban and suburban settings 

are presented below. Regarding the various kinds of materials, I have displayed the percentages of each container type that 

was noticed during the course of the research. Plastic, ceramic and metal containers, rubber, glass, and cement are the sorts 

of containers that were divided into these six groups. In comparison to the other types of containers, over half of the ones 

that tested positive for the presence of drugs were made of plastic or cement. They made up eighty percent of the total and 
were found in greater quantities than any other fundamental ingredient.  
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Introduction 

 Worldwide, dengue fever is the mosquito-borne disease 

that affects the most people and is moving at the fastest rate. 
It is present in practically all tropical and subtropical 

countries around the world, and its distribution spans the 

entire planet. Human ecology is to blame for the spread of 

dengue vectors, as it is responsible for the formation of an 

environment that is mosquitogenic. This predicament is being 

brought about either directly or indirectly by man. Containers 

are almost certainly the single most critical feature that 

determines whether or not Aedes species will breed. 

Considering that the majority of larval homes within and 

close to human settlement are man-made containers. The 

Aedes mosquito is a source of concern for public health due 
to its function as a vector in the transmission of diseases such 

as dengue fever, malaria, filariasis, yellow fever, and 

Japanese encephalitis, as well as chikungunya virus and zika 

virus (zikv). The dengue virus is the one that affects people 

the most frequently, and it is passed on to people through 

infected female Aedes aegypti mosquitoes. Dengue control is 

now confined to the decrease of the population that is at risk 

of infection with dengue and chikungunya. This is due to the 

fact that a viable vaccine for dengue has not yet been 

developed. Vector. The problem of diseases transmitted by 

vectors, in particular dengue, which is mostly a disease of 

metropolitan areas (Dutta and Mhanta, 2006). 

Temperature, precipitation, and humidity all have an 

impact on the population of the Aedes aegypti mosquito. As a 

result of a boost in the number of vectors in the environment, 

dengue infections were most commonly seen during or after 

periods of rainfall (Pandya, 1982). The thirteen genera that 

make up the family Culicidae, the genus Aedes is the only 

one that is considered harmful due of the substantial risk that 

it poses to public health anywhere in the world. Aedes 

aegypti, one of the most common species of Aedes, has a 

wide geographic distribution and can thrive in both temperate 

and tropical climate zones. It is one of the most common 
species of Aedes. As a result, the current research will make a 

contribution to determining some of the Aedes type of 

breeding habitats of the dengue vectors in Agra, which is 

crucial for the formulation of an efficient mosquito control 

programme to be implemented in the future. The primary 

goals of this research were to determine the possible types of 

breeding environments for mosquitoes and to classify the 

different species of mosquito larvae. Who has the upper hand 

in terms of dominating the style of housing found inside 

residential zones in Agra's urban and suburban sections.The 

sampling was done by dipping, either with a pipette or a 
dipper, depending on the sorts of containers being used. All 

of the potential breeding grounds for mosquito larvae were 

categorised into one of eight distinct container types: a 

plastic container, a plastic pail, a bottle, an earthen plate, 

something natural, a vase, a can, or a concrete tank. It was 

determined that a total of 260 containers could serve as 

viable breeding grounds. They are spread from person to 

person by the bites of mosquitoes belonging to the genus 

Aedes (Ahmed, 1997).  It is estimated that at least 500 

million people worldwide suffer from mosquito-borne 

diseases and dengue fever each year. Mosquito-borne 

diseases continue to be the top cause of death and illness 
worldwide (Madhumathy et al., 2007). In a great number of 

developing nations, the prevalence of these diseases has led 

to significant economic loss, high death rates, low levels of 

productivity, and social prejudice. One of the most successful 

strategies for preventing the spread of diseases that are 
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carried by mosquitoes is known as "larval control," also 

known as "source reduction" or "suppression" (Singh et 

al.,2006). This mosquito control method has proven to be 
essential as the primary factor in the success of eradication 

efforts targeting mosquito-borne diseases in the majority of 

developed countries in Europe, such as Turkey (Kitron and 

Spielman,1989; Mwangangi et al.,2009). As a result, this 

study was initiated with the purpose of determining the 

species diversity as well as the density of mosquitoes within 

the containers that they choose for nesting. In terms of the 

proliferation of vectors, human ecology is to blame for the 

construction of a mosquitogenic environment; man is either 

directly or indirectly responsible for the development of such 

a circumstance (Dutta 2006). Climate plays a role in the 

transmission of mosquito-borne diseases such as malaria and 
dengue fever, which are currently a problem across the 

entirety of India. Since 2005-2006, Dengue and Chikungunya 

have taken the lead in Marathwada as the most common and 

widespread infections (Laxmikant Shinde 2011).  

Material and Method 

The research was carried out in forty different areas of 

the district, often known as clusters, and it was based on the 

daily reporting of dengue cases in Agra from those areas. 
Each cluster consisted of twenty homes in the immediate 

vicinity of the verified case. An entomological survey was 

performed in residential and peridomestic areas to look for 

breeding Aedes mosquitoes in order to analyse the prevalence 

of Aedes larvae and evaluate the areas of the district most at 

risk for dengue/DHF outbreaks. Vegetation and trees have 

been grown in the regions surrounding the university, 

providing perfect breeding grounds for mosquitoes.Thavara 

et al. (2004), Preechaporn et al. (2007) and Thenmozhi et al. 

(2007) are three examples of researchers who published their 

findings. During the course of the survey, each and every 
container and tree hole that was within reach was 

investigated. The collection of larvae was done indoors by 

dipping the containers, either with a pipette or a dipper 

depending on the type of container and the location. The 

information regarding the level collected was entered in the 

survey forms that were pre-designated and pre-tested. The 

taxonomic key was utilised in order to determine the identity 

of the larvae. The information was evaluated, and various 

indicators, such as the house index (HI) and the breteau 

index, were calculated (BI). Calculations were done on the 

container index (CI). Calculation of breeding preference ratio 

is another method of evaluation. The significance of the 
observed differences in breeding behaviour between urban 

and rural regions throughout the summer months was 

investigated using the chi-square test. The findings of this 

investigation were comparable to those reported by (Lee, 

1990; Hishamudin and Chen et al., 2005). It was determined 

and recorded how many containers, what kinds of containers, 

and what the water conditions were like in the containers that 

could serve as breeding sites. The study facility provided a 

safe environment for the gathered larvae and pupae to mature 

into adults. A subsequent step involved pinning and later 

species-identifying the newly emerged adult mosquitoes. 

Results and Discussion 

In the Agra district, a survey was conducted to look for 

potential breeding homes for mosquito larvae in both 

manufactured and natural containers. Due to the fact that the 

containers were left outside, it was discovered that the natural 

environment provides the ideal breeding homes for 

mosquitoes. According to the results of our research, larvae 
of the mosquito species Aedes aegypti and Aedes albopictus 

were discovered in grassy fields located close to the R.B.S. 

Campus in Agra. The evaluation of the taxonomic keys 

allowed for the determination of the adult mosquitoes' 

taxonomic classification as well as their morphology. The 

thorax of an Aedes mosquito has a distinctive pattern that is 

made by spots of black, white, and silvery colours. 

According to Kalra (1997), Aedes aegypti populations are 

more stable and are spread in urban, semiurban, and rural 

settings. The physical characteristics that allowed for the 

identification of Aedes aegypti were as follows: the 

mesonotum was characterised with a pair of sub midline 
yellowish lines; the tibia lacked rings; and the clypeus had 

two specks of white scales. 

Conclusion 

In conclusion, the hatchlings of the aegypti mosquito 

were found in the greatest numbers in the containers made of 

cement and plastic material, whereas they were found in the 

fewest numbers in the canisters made of rubber and glass. 
The containers made of plastic material and plastic material 

had the highest number of immature stages. 
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