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ABSTRACT 
Maize is frequently infected by the Fusarium species producing mycotoxins resulting in 
poor yield. An experiment was carried out to determine the incidence of fungal pathogen, 
Fusarium species on the post-harvest losses of maize grain on sale at Rimi and Unguwa 
uku markets. The study was carried out between September, 2015 to February, 2016. 
Twenty samples of maize were collected twice a week from Rimi and Unguwa uku 
markets. A total of three fusarium species comprising Fusarium oxysporum, Fusarium 
solani and Fusarium monolliforme were obtained from Rimi  and Unguwa uku market and 
the three Fusarium species have the following composition F. Oxysporum113(37.6%), F. 
solani60(203%) and F. morrilliforme37(12.3%). 
Keywords: Post-harvest, Fusarium, Maize,Mould, incidence, 
 
INTRODUCTION 
Maize (Zea mays L.) is can be defined as a 
dicotyledonous angiosperm plant that belongs 
to the grass family (Park, 2001, Adamu 2002; 
Bigneil 2010). This valuable crop is cultivated 
worldwide and represents a staple food for a 
significant proportion of the world's 
population (Anderson et al., 2004). In China, 
maize plays a very significant role in grain 
production. Wang et al. (2005) point out that 
maize ranks second after rice in planting area 
and average annual planting area is 24 
million ha with the total yield of 125 million 
ton. In the world, China is ranked as second 
largest maize producing country (Wang etal., 
2005; Statista, 2014). The loss of maize 
productivity due to diseases is a worldwide 
phenomenon (Oerke, 2005). Kumasi et al. 
(2009) indicated that losses due to diseases 
were estimated as 4% from Northern Europe 
and 14 % from West Africa and South Asia. 
The total production of maize in Africa in 
2001 was estimated to be about 42 million 
tons (FAO, 2002). In Nigeria maize is one of 
the major crops and it plays an important 
role in rotation with wheat, in animal feed 
and direct human consumption. Maize grain 
as energy source is widely used in both 
human and animal nutrition cows, sheep, 
goat, poultry and fist etc(Benz 1994). In the 
field as well as in the store, many pests and 
parasites attack maize and during the storage 
period.Insects are most often considered as 
the principal cause of grain losses (Gwinner 
et al., 1996). However, fungi are also 
important and rank second as the cause of 

deterioration and loss of maize (Ominski et 
al., 1994). Kossou and Aho (1993) reported 
that fungi could cause about 50 – 80 % of 
damage on farmers’ maize during thestorage 
period if conditions are favourable for their 
development. The major genera commonly 
encountered on maize in tropical regions are 
Fusarium, Aspergillus and Penicillium 
(Abbas, 1998;Samson, 1991; Orsi etal., 
2000;Anyanwu, 2003;FAO (2008;Alptekin 
etal, 2009).Fusarium species (Figure 1) are 
ubiquitous in soils. They are commonly 
considered as field fungi invading more than 
50% of maize grains before harvest (Robledo-
Robledo, 1991). Several phytopathogenic 
species of Fusarium are found to be 
associated with maize including F. 
verticillioides (Sacc.) Nirenberg, F. 
proliferatum (Matsushina) Nirenberg, F. 
graminearum Schwabe and F. anthophilum 
(A. Braun) Wollenweber (Lawrence et al., 
1981; Scott, 1993; Munkvold and Desjardins, 
1997). Among them, F. verticillioides is likely 
to be the most common species isolated 
worldwide from diseased maize(Munkvold 
and Desjardins, 1997). Doko et al. 
(1996)reported F. verticillioides as the most 
frequently isolated fungus from maize and 
maize-based commodities in France, Spain 
and Italy. Likewise, Orsi et al. (2000) found 
in Brazil that F. verticillioides was the 
predominant Fusarium species on maize. In 
general in Africa, very little information is 
available on F. verticillioides occurrence on 
maize.  
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Reports of surveys conducted in some African 
countries however showed it as the most 
prevalent fungus on maize (Marasas et al., 
1988; Allah Fadl, 1998; Baba-Moussa, 1998; 
Kedera et al., 1999). 
Maize contamination by fungi not only 
renders grains unfit for human consumption 
by discoloration and reduction of nutritional 
value, but can also lead to mycotoxin 
production (FAO 1990). Mycotoxins are 
poisonous secondary metabolites produced by 
some fungi in staple foods and foodstuffs. 

Many of them are considered to be important 
worldwide, but the five most often reported 
and well documented are 
deoxynivalenol/nivalenol, zearalenone, 
ochratoxin, aflatoxins and fumonisins (Pitt 
and Hocking 1999).Therefore, the main aim 
of the present study is todetermine the 
incidence ofFusarium species on maize grain 
on sale at Rimi and Unguwa uku markets of 
Kano State. The result of the study will serve 
as baseline information for design of control 
strategies.  

 

 
Figure 1. Apparently healthy maize cob (left) and Fusarium-infected maize cob (right). 
 
MATERIAL AND METHOD 
STUDY SITE 
Rimi Market: - Is located Kano Municipal 
Local Government Area of Kano State. It is 
one of the largest grain markets in Kano 
State. There are no grains grown in Kano 
State that are not found at the market. 
Despite being one of the largest markets in 
Kano State, there are no good storage 
facilities in the market.Some marketers store 
their grains on rusted basins. Marketers 
hardly used chemicals on their grains. 
Unguwa Uku Market: - Is located at Tarauni 
local government area of Kano State. It is 
one of the grains market in Kano State. There 
are no grains grown in Kano State that are 
not found at Unguwa uku market. Despite 
being one of the good grains market in Kano 
State, there are no good storage facilities in 
the market. Some marketers store their 
grains in rusted basins or on the floor of the 
stores. Markets hardly used chemicals on 
their grains. 

EXPERIMENTAL PROCEDURES 
In this study a survey was carried out to 
provide information on the incidence of 
fusarium species responsible for the losses of 
maize grain at Rimi and Unguwa uku markets. 
The investigation period was from November, 
2015 to January, 2016.  
ISOLATION AND IDENTIFICATION OF 
FUSARIUM SPECIES 
This involved the isolation and identification 
of Fusarium species associated with losses of 
quality and quantity of maize grain 
respectively. The methodology used in this 
research follows the one used by Opadokun 
(1987). 
SAMPLE COLLECTION AND COLLECTION SITE 
Twenty samples of maize grain were 
obtained twice a week directly from grain 
sellers each at Rimi and Unguwa Uku Markets 
and transported to laboratory at Kano 
university of Science and Technology in 
polyethylene bags for plating. 
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SAMPLE HANDLING 
Maize grain obtained from Rimi Market and 
Unguwa Uku Marketswere surface sterilized 
by immersion in 3% (v/v) sodium hypochlorite 
solution for three minutes. They were rinsed 
in three changes of running tap water and 
allowed to dry. Half of the sample was 
crushed using pestle mortar. Portion from 
crush and non crush maize grain were placed 
on PDA and incubated at 25 – 7± 20c for three 
days. 
ISOLATE COUNT AND SUBCULTURE 
Each week, growth of fungal isolates was 
monitored and the number of isolates that 
appeared was counted and recorded. Each 
distinct isolates was subcultured into fresh 
PDA. 
PATHOGENICITY TEST 
Pathogenicity tests were conducted to prove 
Koch postulate. Diseases free maize crushed 
and uncrushed were surface sterilized with 
10% (v/v) sodium hypochlorite solution and 
rinsed in three changes of running tap water 
and allowed to dry. The samples were streak 
with fungal hyphae. Controls were inoculated 
with sterile distilled water. Materials were 
placed on the laboratory bench. Sterilized 
forceps were used to remove portions from 
diseases areas on the 4th day and placed on 
freshly prepared PDA plates and incubated at 
25 – 7± 20c for three days. Fungal growth that 
appeared was recorded. 

MICROSCOPIC EXAMINATION 
For each examination a streak of fungal 
mycelium was placed on a clean glass slide. 
One drop of cotton blue lactophenol was 
added and the cover slip placed. The slide 
was mounted on the microscope and 
observed at magnification of x10 and x40. 
Morphological characteristics of fungi 
isolated were determined and identified 
using method described by Dorothea, et al 
(1976). Lengths of the hypae were 
determined with eyepiece graticula by using 
colonial and morphological 
characteristics.Photographs of fusarium 
species were taken from mounted slide using 
camera lucida at Biology Laboratory Kano 
University of Science and Technology, Wudil. 
STATISTICAL ANALYSIS 
The data were also analysed statistically 
using one way analysis of variance (ANOVA) 
and differences among the means were 
determined for significance at P ≤ 0.05. This 
was achieved using computer program (SPSS, 
16.0). 
RESULTS 
A total of two hundred and ten isolates were 
counted during the study at Rimi and Unguwa 
uku markets. More colonies were counted 
from crushed maize 126(60%), while 84(40%) 
were counted from uncrushed maize (Table 
1).  

 
Table 1: Total number of isolates isolated from crushed and uncrushed maize grain 
sampled from Rimi and Unguwa uku markets 

Location Uncrushed Crushed Total Mean % Abundance 

Rimi  64 100 164 82 50 
Unguwa Uku  20 26 46 23 50 
TOTAL 84 126 210 105 100 

 
Variation in isolate counted on Monday and 
Thursday in the two locations 
Higher number of isolateswere counted on 
Mondays 146 (69.5%)while 64 (30.4%)were 
counted on Thursdays. Also more colonies 

were counted from crushed maize130 (61.9%) 
than uncrushed80 (38.0%).The result show 
that the differences between Mondays and 
Thursdays exposure was statistically 
significance as P<0.05 (Table 2). 

 
Table 2:Isolate variation from samples collected on Mondays and Thursdays from Rimi  and 
Unguwa Uku Markets 

Days Crushed uncrushed Total Mean % Abundance 

Monday  100 46 146 73 70.0 
Thursday 30 34 64 32 30.4 
TOTAL 130 80 210 103 100 
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Isolates counted from crushed and 
uncrushed Maize sampled from the two 
locations 
The higher occurring isolatewasF. oxysporium 
113 (53.8).This was followed by F. Solani60 

(28.5) while F. Monolliformerecorded the 
lowest isolate count 37 (17.6). Statistically 
the difference between the three colonies 
was significant P<0.05 (Table 3). 

 
Table 3: Total number of fungal colonies isolated from crushed and uncrushed Maize 
collected from Rimi  and Unguwa uKu Market 

Colonies Crushed Uncrushed Total Mean % Abundance 

F. oxysporium 76 37 113 37.6 53.8 
F. solani 34 26 60 20 28.5 
F. monolliforme 20 17 37 12.3 17.6 
TOTAL 130 80 210 69.9 100 

 
Table 4: Shows colonial and morphological characteristics of identified fungal species from 
Crushed and Uncrushed Maize sampled from Rimi and Unguwa Uku Market. 

S/N Appearance on PDA Morphological characteristics Organism identified 

1 Colony rapidly growing 
white in color reverse 
colony is grey or later pink 

Numerous mycelia, conidia and 
conidiophores are black, spherical to 
oval the conidia head is globose 
splitting into column. 
 

Fusarium oxysporum 

2 Colony rapidly growing 
white, grey at first 
becoming green to dark 
green. Reverse is brown or 
black 

Conidiophores smooth short often 
greenish upward to form apical flask 
shaped vesicle conidia green in mass, 
globose, rough, mostly 2.5 – 3m 
diameter. 
 

Fusarium solani 

3 Granular flat, yellow at 
first but quickly becoming 
bright to dark brown with 
age 

Conidial heads are typically radiate, 
later splitting to form loose columns 

Fusarium Monolliforme 

 
1. PDA (potato dextrose agar) 
2. Microscopic examination at x 10, x 40, x 100, using logols iodine 
3. Identification based on Dorothea et al (1976). 
 
Pathogenicity test 
The results obtained from pathogenicity test 
proved allthe four criteria outline in Koch 
postulates used for identification of the 
causative agent of a particular disease. The 
pathogen where present in all cases of the 
disease. The same pathogens were isolated  

 
from the diseased host and grown in pure 
culture. When inoculated into a healthy 
sample of lettuce plant the pathogen from 
the pure culture causes the same disease. 
The same pathogen was re-isolated from the 
new host and shown to be the same as the 
originally isolated pathogen (Table 5).  

 
Table 5: Pathogenicity test on fresh/apparently healthy potatoes 
        _________________________________________________________ 
             F. oxysporum                   F.solani                  F.  Monolliforme 
       __________________________________________________________ 

+                                 +                                      + 
+                                 +                                      + 

      ____________________________________________________________ 
Key: + = Isolates grow with a similar growth characteristic features to the original diseased 
samples 
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DISCUSSION 
Most of the maize samples collected from the 
two locations were positive for moulds and 
were contaminated with at least one of the 
known genera of mycotoxigenic fungi 
Fusarium sp.  The isolated moulds may have 
contaminated the maize and groundnuts 
either in the field or during storage. A total 
of 210 colonies were counted and recorded 
during the investigation at Rimi and Unguwa 
uku Market. In crushed maize 126 (60%) 
colonies were counted, while in uncrushed 
maize 84(40%) colonies were counted.Three 
fusarium species comprising F.oxysporum,F. 
solani and F. monolliforme were obtained 
from the study areasand have the following 
compositionsF.Oxysporum113(37.6%),F.solani
60(20%) and F.morrilliforme37(12.3%).  
However, result of from plating testof maize 
sampled from the two locations on agar 
revealed a considerable infection of the 
plants by Fusarium species, although this 
contradicts previous literature on pre-harvest 
disease of maize grain. The phenomenon of 
symptomless infection by Fusarium species 
reported in previous findings (Bilgrami and 
Dube 1999 ; Scauflaire et al. 2011) may likely 
be the most important reason for the 
discrepancy between visual pre-harvest 
symptoms and real infection is supposed to 
be the symptomless endophytic growth of 
some Fusarium species.  
The finding of this research could be related 
to the result of Opadokun (1997) who 
assessed fungal deterioration of some 
selected grain in Dawanau market, in Kano 
state of Nigeria and found that 70% losses in 
maize was attributed to the activities of 
F.oxysporum, F.graminearum, F. 
sporotrichoides, F.oxysporum account for 
0.95 and 39.1 respectively. The result of the 
present study also agrees with the work of 
Abbaset al.(1998)who isolated 
F.verticilloides, F.monolliforme, 
F.oxysporum, F.graminearum from maize 
obtained from makeuni, machakos, kitui east 
and Kibwezi district of eastern province of 
Kenya. In a similar experiment Statista (2014) 
reported F. sporotrichoideas, F. verticilloide, 
F. solani from maize obtained from eastern 
region of Kenya. Similarly, Abbas et al.(1998) 
isolatedF. Sporotrichiodes, F. oxysporum, F.  
 

 
graminearum, R. stolonifer, to be the most 
common pathogen associated with losses of 
maize during a research in two different 
markets areas in Niger State. 
The result of the present study also agreed 
with the result reported by (Kumasi et al. 
2009) who studied the effect of storage on 
maize grain in four locations in Keffi Local 
Government area including Keffi market, 
Anguwar Kwara, Angwan Kaye and Anguwar 
Lambu. The result obtained from crushed and 
uncrushed maize showed that the species of 
fungi isolated wereF. monolliforme, F. 
sporotrichiodes, F. graminearum and F. 
oxysporium, F. verticilliioides. The 
frequency of occurrence of the fungal species 
were 45.06%, 12.65%, 19.71%, 10.66% and 
7.832% respectively (Kumasi et al, 2009). 
Analysis of the Rimi and Unguwa uku showed 
that crushed maize recorded the highest 
colony count then uncrushed maize. The 
higher number of colonies counted from 
crushed maize could be attributed to the fact 
that there is no any treatment offered by the 
marketers and the poor storage facilities 
used in the market that might favour the 
growth of fungi. However, in contradiction to 
the result of the present study the results of 
Grierson and Kader (1986) as well as (Abbas 
et al.1998) reported that high number of 
fungal colonies isolated on uncrushed grain 
which was attributed to poor storage. While 
Adamu (2002) reported that the high number 
of fungal colonies isolated on crushed and 
uncrushed maize could be due to physical 
damage and harvesting puncture, which 
could occurred during harvesting and 
handling.  
The finding by Adamu.(2002)on maize grown 
at Kaltungo Local Government Area of Gombe 
State contradict the result of the present 
study. Adamu, (2002) reported that .F. 
graminearum, A. niger, F. vertillioides and 
Mucor species as the fungi that affect maize. 
However, more fungal colonies were isolated 
from crushed sample of maize than 
uncrushed as reported in the present 
study.Grains and vegetables including both 
crushed and uncrushed readily spoil due to 
microbial activities and generally are short 
lived unless steps are taken to remove, kill or 
prevent growth of associated microorganism 
(Benz 1994).  
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CONCLUSION 
It is concluded that three species of F. 
oxysporum, F. solani, F. monolliforne are the 
mold isolated from crushed and uncrushed 
maize obtained from Rimi Market and 
Unguwa uku Markets respectively and F. 
oxysporum is the fungi with highest 
frequency of occurrence followed by 
Fusarium Solani, F. monolliforme is the fungi 
with lowest frequency of occurrences. 
Infection of maize with Fusarium species and 
its contamination by fumonisins are generally 
influenced by many factors including 
environmental conditions (climate, 
temperature, humidity), insect infestation 
and pre- and postharvest handling. These 
factors do not influence infection 

independently but most often there are 
complex interactions.Postharvest handling 
and processing (sorting, washing, dehulling, 
milling, fermentation, cooking) favourably or 
unfavourably affect fungal infection and 
fumonisins production in maize. Mechanical 
damage during and after harvest may offer 
entry to the fungal spores either in maize 
cobs or grains.  
RECOMMENDATION 
It is recommended that the authority in 
charge of grain marketing should enlighten 
the marketers on how to handle maize grain 
and also government should provide 
marketers with well adequate storage 
facilities. 

 
REFERENCES 
Abbas, H. K, Cartwright, R. D. Shier, W. T, 

Abouzied, M. M. Bird, C. B, Rice, L. 
G. Ross, P. F. Sciumbato, G. L. 
Meredith, F. I. (1998). Natural 
occurrence of fumonisins in rice with 
Fusarium sheaf rot disease. Plant Dis. 
82: 22-25. 

Adamu, B. (2002). Post-harvest losses of 
Maize grain Grown at Gombe State, 
Nigeria. Unpublished Msc. Thesis. 
Abubakar Tafawa Balewa University. 

Allah Fadl, M. E. (1998). Occurrence and 
toxigenicity of Fusarium moniliforme 
from freshly harvested maize ears 
with specialreferences to fumonisin 
production in Egypt. Mycopathologia 
140:99–103. 

Anderson, P. K. Cunningham, A. A. Patel, N. 
G. Morales, F. J. Epstein, P. R. 
Daszak, P. (2004). Emerging 
infectious diseases of the plants: 
pathogen pollution, climate change 
and agrotech-nology drivers. Trends. 
Ecol. Evol, 19:535-544. 

 Anyanwu, A. C. (2003). Principle of crop 
production 6th edition pp. 160 – 166. 

Alptekin, Y. Dumar, A.D,  Akkaya, M.R. 
(2009). Identification of fungal genus 
and detection of aflatoxin level in 
second crop corn grain. 

Baba-Moussa, A. A. M. T. (1998). La 
microflore associée aux dégâts des 
lépidoptères foreurs de tiges et 
mineurs d’épis de maïs (Zea mays) 
dans la région Sud du Bénin avec 
référence spéciale à Fusarium 

moniliforme Sheld. Mémoire 
d’Ingénieur Agronome. Université du 

Bénin, Lomé, Togo. 
Benz, B.F. (1994). Maize, origin, 

domestication and development. In 
Carraso. D. (edition). The  

Oxford Encyclopedia of Mesoamerican 
culture: the civilization of Mexico and 
Central America.  

Oxford University Press, New York, pp. 147 – 
150. 

Bigneil, E. (2010): Molecular biology and 
genomic: Caister Academic Press. 
Clark T.F 1966. 

Bilgrami, A. and Dube, C. (1999). A textbook 
of modern plant pathology pp. 179 – 
193. 

Doko, M. B. Canet, C. Brown, N. Sydenham, 
E. W. Mpuchane, S, Siame BA (1996). 
Natural co-occurrence of fumonisins 
and zearalenone in cereals and 
cereal-based foods from eastern and 
southern Africa. J. Agric. Food Chem. 
44: 3240–3243. 

Dorothea, F, Ronald, J. and Ronald, C.B. 
(1976). A Colour Atlas of Pathogenic 
Fungi,Wolfe  

Medical Publication Ltd. ?Pp 12 – 53.     
FAO (1990). Improvement and protection of 

maize, sorghum and millet vol. 4 pp. 
88 – 92. 

Khich M.A. (2002). Identification of common 
Fusarium species, fungal biodiversity 
centre, Netherland. 

FAO (2002). Database, Food and Agriculture 
Organisation, Roma, Italy. URL: 
http://apps.fao.org/lim500/nph-
wrap.pl. 

Yahaya et al., 

Dutse Journal of Pure and Applied  Sciences 2(1) June 2016        pp 25 - 32 

 

30 



 

 
 
Grierson, D. and Kader, A.A. (1986). The 

Tomato Crop Fruit Ripining and 
Quality. Chapman and Hall Ltd, New 
York. Pp 243 – 280. 

Gwinner J, Harnisch R, Müch, O. (1996). 
Manuel sur la manutention et la 
conservation des grains après-récolte. 
GTZ, Eschborn, Germany. 368 p. URL: 
http://www.fao.org/inpho/vlibrary/
move_rep/x0298f/x0298F31.htm-34k. 

Kedera, C. J.  Plattner, R. D. Desjardins, A. 
E. (1999). Incidence of Fusarium spp. 
and levels of fumonisin B1 in maize in 
Western Kenya. Appl. Environ. 
Microbiol. 65: 41-44. 

Kossou, D. K. Aho, N. (1993). Stockage et 
conservation des grains alimentaires 
tropicaux : principes et pratiques. Les 
Editions duFlamboyant, Benin. 125 p. 

Kumasi, U. N. Umar, K. Faruk, G. (2009). 
Review of Losses of grains on sale on 
some selected markets of Keffi.  
Unpublished, Msc. Thesis, University 
of Sokoto. 

Lawrence, E. B. Nelson, P. E. Ayers, J. E. 
(1981). Histopathology of sweet corn 
seeds and plants infected with F. 
moniliforme and F.oxysporum. 
Phytopathology 71: 379–386. 

Marasas, W. F. O, Jaskiewicz, K. Venter, F. S. 
Van Schalkwyk, D. J. (1988). 
Fusarium moniliforme contamination 
of maize in oesophageal cancer areas 
in Transkei. S. Afr. Med. J. 74: 110-
114. 

Munkvold, G. P. Desjardins, A. E. (1997). 
Fumonisins in maize. Can we reduce 
their occurrence? Plant Dis. 81: 556–
564. 

Orsi, R. B. Corrêa, B. Possi, C. R. Schammass, 
E. A. Nogueira, J. R. Dias, S. M. C. 
Malozzi, M. A.B. (2000). Mycoflora 
and occurrence of fumonisins in 
freshly harvested and stored hybrid 
maize. J. Stor. Prod. Res. 36: 75-87. 

Oerke, E. C. (2005). Crop losses to pests. J. 
Agric. Sci, 144: 31-43. 

Ominski, K. H, Marquardt, R. R, Sinha, R. N., 
Abramson, D. (1994). Ecological 
aspects of growth and mycotoxin 
production by storage fungi. In: Miller 
JD, Trenholm HL. eds. Mycotoxins in 
Grains. Compounds other than 

Aflatoxin. Eagen Press, USA. p 287–
305. 

Opadokun, J.S. (1987). Reduction of Post 
Harvest Losses in Fruits and 
Vegetables. Lectures Delivered at 
AERLS/Nigerian Stored Product 
Research Institute. JointNational 
Crop Protection Workshop, IAR, Zaria 
1987. pp 3 – 26. 

Park, K. J. (2001). Corn Production in Asia: 
China, In- donesia, Thailand, 
Philippines, Taiwan, North Korea, 
South Korea, and Japan. ASPAC Food 
& Fertilizer Technology Center., 
Taipie. 

Pak. J. Bot. 1:59-65. Alwakeelss. 2007. 
Bacterial and Fusarium spp. 
Contamination of domestic kitchen on 
Riyyadh, Saudi Arabia, Saudi J. Biol. 
Sci. 14 (1): 1 – 6. 

Pitt, J. I, and Hocking, A. D. (1999). Fungi 
and food spoilage. Second edition. 
Aspen Publishers, Inc. Gaithersburg, 
Maryland.Pittet A (1998). Natural 
occurrence of mycotoxins in foods 
and feeds – an updated review. Rev. 
Méd. Vét. 149: 479–492. 

Plattner R., Proctor, R. H., Brown, D.W., 
Desjardins, A. E. (2000). Potential for 
minimisation of fumonisin levels in 
corn using fumonisin nonproducing 
strains. Aflatoxin/Fumonisin 
Workshop. October 25–27, 2000. 
Tenaya Lodge, Fish Camp, Yosemite, 
CA, USA. p 35-37. 

Rev. D. K.,  Kordbacheh, P., Mirhendi, S.H., 
Rezaie, S. and mahmoud, M. (2007). 
Identification of some Fusarium 
species isolated from dat lake, 
Kashinir by traditional approach of 
morphological observation and 
culture. Afr. J. Microbial Res 6 (29): 
5824-5827. 

Robledo-Robledo, E. (1991). Strategies for 
the prevention and control of fungi 
and mycotoxins in Central and South 
America. In: Champ BR, Highley E, 
Hocking AD, Pitt JI. eds. Fungi and 
mycotoxins in stored products. 
Proceedings of an international 
conference, Bangkok, Thailand, 23–26 
April 1991. p 39–46 

Scott PM (1993). Fumonisins. Int. J. Food 
Microbiol. 18: 257–270. 

  

Yahaya et al., 

Dutse Journal of Pure and Applied  Sciences 2(1) June 2016        pp 25 - 32 

 

31 



 
 
 
 
Scauflaire J., Mahieu O., Louvieaux J., 

Foucart G., Renard F., Munaut F. 
(2011). Biodiversity 
of Fusariumspecies in ears and stalks 
of maize plants in Belgium. Eur. J. 
Plant Pathol.  

Samson RA (1991). Identification of food-
borne Penicillium, Aspergillus, and 
Fusarium species. In: Champ BR, 
Highley E, Hocking AD, Pitt JI. eds. 
Fungi and mycotoxins in stored 
products. Proceedings of an 
international conference, Bangkok, 
Thailand, 23–26 April 1991. 

 
Statista (2014). Global corn production in 

2014, by country (in 1,000 metric 
tons). 
http://www.statista.com/statistics/2
54292/global-corn-production-by-
country/ 

Wang Z, He K, Yan S (2005). Large-Scale 
Augmentative Biological Control of 
Asian Corn Borer Using Trichogramma 
in China: A Success Story. In: Hoddle 
Ms (Ed) Proceedings of the second 
International Symposium on Biological 
Control of Arthropods. USD Forest 
Services Publication, pp 487-494. 

 
 

Yahaya et al., 

Dutse Journal of Pure and Applied  Sciences 2(1) June 2016        pp 25 - 32 

 

32 


