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Introduction
In Nigeria it is known that there is a serious outbreak of 

streak, rust and leaf spot on maize [1]. Recently the yields of maize 
on farms have greatly reduced due to disease infection which in 
turn affects the cost of production and the returns accrual to 
the farmers [2]. The fact remains that if the disease outbreak 
goes beyond economic threshold, yield of maize will be reduced 
thereby threatening food security in the nation. Therefore, it is 
considered that it is necessary to have information on the type 
of diseases and the extent of the outbreak at least in the states 
covered. Ekiti state is one of the maize growing states in south 
western Nigeria. Agriculture is the main occupation which 
provides income and employment for more than 75% of the 
population of the State. All as a result of the conducive climatic  
condition, the state enjoys luxuriant vegetation but comes with 
a range of diseases that is associated which each type of crop.

 
Table 1: Maize production data in Nigeria (2008-2016).

Year Production Unit of 
Measure

Growth 
Rate

2008 7970 (1000 MT) 22.62%

2009 8950 (1000 MT) 12.30%

2010 8800 (1000 MT) -1.68%

2011 9250 (1000 MT) 5.11%

2012 7630 (1000 MT) -17.51%

2013 7700 (1000 MT) 0.92%

2014 7515 (1000 MT) -2.40%

2015 7000 (1000 MT) -6.85%

2016 7200 (1000 MT) 2.86%

MT- Metric ton; Source: United State department of Agriculture
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Abstract

Maize yield has greatly reduced in cultivated fields in many parts of south western Nigeria due to disease infection which has contributed 
immensely to the cost of production and economic loss to the farmers. A survey was conducted to investigate the incidence, distribution and 
severity of viral diseases on randomly selected farmer’s cultivated maize field. Identification of the diseases was based on visual symptoms. Viral 
diseases incidence found on maize in the various farms was measured by calculating the percentage of plants showing viral disease symptoms 
in the maize population while the severity was assessed using a severity index scale of 1-5. Information recorded include the names of towns or 
villages in which survey was carried out, the coordinates of the farm (location) using the GPS (Global Positioning System), cropping system and 
other agronomic practices. Results were analyzed by one-way analysis of variance (ANOVA) using the statistical package for social sciences (SPSS) 
version 16.0. Means were separated where significant difference occur at p≤0.05. A simple regression analysis was used to test the effect of insect 
infestation on the severity of maize disease in the study area.

The survey revealed that severity and incidence varied per location. Visible symptoms observed include; chlorotic patches, severe streaking, 
red pigments and venation along mid rib and vein and stunted growth. The incidence of the maize virus disease ranged between 10-37% while 
disease severity in the study area ranged between 3.25&1.50 in the entire farm surveyed. It was observed that cropping pattern had a positive 
correlation with disease incidence. Insect infestation in the study area ranged between 1.25-3.50. There was a positive correlation between 
disease severity and insect infestation, the higher the insect infestation, the higher the severity of the disease. There were variations in the insect 
incidence and disease severity in all the farm surveyed. Further research will provide a basis for high incidence of pest in cropping systems in the 
tropics. It is a thing to note that agricultural systems are designed to alter a given ecosystem. It is suggested that adequate crop protection practice 
should be applied in any cropping system. 
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The incidences of viral diseases cause great yield loss in 
maize production in Nigeria and the genetic variance in cultivars 
[3]. The presence and spread are directly or indirectly affected 
by various factors (environment and weather condition, insect 
infestation, and other mechanical factors). Maize production in 
Nigeria has been on the decrease since 2008 [4] (Table 1). It is 
observed that yield in maize have greatly reduced due to disease 
infection which in turn affects the cost of production and the 
returns accruable to the farmers [2].

There is need to have information on the viruses infecting 
maize, the type of virus, the causative agent, its strains, life cycle 
which will prompt action on the control and preventive measures 
for better productivity for farmers. Therefore, it is important to 
undertake a study that will: ascertain incidence and distribution 
of the viruses, evaluate incidence, distribution and severity of 
virus diseases, characterize visible symptoms of maize viruses 
on farmers’ field in the study area.

Materials and Methods
The research was carried out in the south western part of 

Nigeria using Ekiti state (Figure 1) as case study. Ekiti, comprising 
of 16 local government area (LGA) (Figure 2), is in the derived 
savannah region of Nigeria within Longitudes 4°45’-5°45’ East 
and Latitudes 7°15’-8°51’ North which covers 7000km² in area. 
It has an average annual rainfall of about 2000-2700mm and 
the average temperature ranges between 25°C-36°C. With this 
background information, a survey was conducted to detect virus 
disease incidence on cultivated maize crop and evaluate the rate 
of disease damage. 

Figure 1: Map of Nigeria showing ekiti state.

Figure 2: Ekiti State 16 local government areas.

Sampling techniques and data collection
Maize fields were randomly surveyed, not minding the 

varieties planted, for the presence of viral symptoms such as 
streaks, stunting, venation, mosaics. Identification of the diseases 
was based on visual symptoms [5]. Four farmer’s fields with an 
average size of 100metres by 100metres were surveyed per local 
government area. The sampling was done on hundred randomly 
selected plants. This was achieved by walking across a ‘W’ 
shaped path in a field with plants spaced at equal distance from 
each other. Information recorded include the names of towns or 
villages in which survey was carried out, the coordinates of the 
farm (location) using the GPS (Global Positioning System), other 
crops planted on the maize field (in cases of inter-crop farming), 
crop age, cultural practices, seed source, symptoms observed 
on the plants, size of the farm. Insect infestation was monitored 
per maize plant by insect count and identification. Percentage 
infestation was calculated using the ratio of infested plant and 
the severity of infestation was measured using a scale of 1 to 4: 
1 - low, 2-average, 3-high and 4-very high. The use of insecticide 
was recorded as either ‘YES or NO’. The incidence of the diseases 
found on maize in the various farms was measured by using the 
formula:

      
 100

     

Number of plants showing viral disease symptoms
Percentage incidence

Total number of plants on field
= ×

Disease severity evaluation
Using the severity index scale of [6]. 

a) Highly resistant, no symptoms or 10% chlorotic streak 
on leaves;

b) Resistant with 20% chlorotic streaks on older leaves;

c) Moderately resistant, 50% streaking on young leaves 
and slight stunting; 

d) Susceptible, severe streaking on about 75% of leaf area 
and stunted plants;

e) Highly susceptible, severe streaking on about 80% 
of leaf area, severely stunted and 100% streaking of dead 
plants.

Data analysis
Results collected on insect infestation, percentage incidence 

and severity were analyzed by one-way analysis of variance 
(ANOVA) using the statistical package for social sciences (SPSS) 
version 16.0. Means were separated where significant difference 
occur at p≤ 0.05. A simple regression analysis was used to test 
the effect of insect infestation on the severity of maize disease in 
the study area.

Results
The symptoms that were observed during the survey varied 

per location. Visible symptoms observed include; chlorotic 
patches, severe streaking, red pigment venation along mid rib 
and vein, stunted growth was also observed (Figure 3 & 4). 
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Streaking is a symptom that occurred at a wide range of location 
and is well distributed among local governments (Figure 5). The 
average incidence of maize viruses in each local government of 
Ekiti State ranges between 10-37% (Figure 6) with the lowest 
incidence in Irepodun/ Ifelodun local government area, and the 
highest in Ikole local government area.

Figure 3: Virus infected plant showing severe streaks.

Figure 4: Virus infected plant showing streaking and circular 
chlorotic patches.

Distribution of maize viruses
Maize virus was found present in all the farm surveyed, 

although with varying degree of incidence and severity. (Figure 
5, 7 & Table 2).

Cropping system 

The result showed that inter-cropping pattern had a 
relationship with percentage virus disease incidence. On Farm 
planted with maize only (sole), an average of 16% viral disease 
incidence was observed compared with maize farm inter-
cropped with cassava, plantain, tomato and or pepper, with an 
average of 70% disease incidence (Figure 8). Figure 7 shows the 
cropping patterns at different location in area surveyed.

Mean separation of insect infestation, disease 
incidence and severity on maize fields

The insect pests observed on the maize plants were aphids 
and leaf hoppers. The result for insect infestation, percentage 
incidence and disease severity are recorded in Table 2 which 
shows that infestation in the study area ranged between 1.25-

3.50 with the lowest insect infestation in maize planted in Emure 
(1.25±0.25) LGA and highest recorded in Ilejemeje (3.50±0.29) 
LGA. Other LGAs recorded values for insect infestation are 
intermediate to the two extremes. Disease incidence in the study 
area ranged between 7.75 – 37.50 with the lowest being recorded 
in Irepodun/Ifelodun (7.75±2.25) and highest recorded in Ikole 
(37.50±8.54) and Ilejemeje (3.50±0.29) LGAs respectively. Other 
LGAs recorded values for incidence are intermediate to the two 
extremes. Disease severity in the study area ranged between 3.25 
and 1.50 with the lowest being recorded in Irepodun / Ifelodun 
(1.50±0.29) and Ekiti South West (1.50±0.29) respectively while 
the highest was recorded in Ilejemeje (3.25±0.75) and Ido/Osi 
(3.25±0.75).

Figure 5: Distribution of viral symptoms on maize field surveyed 
in ekiti using GPS coordinates.

Figure 6: Average disease incidence per local government area.

Figure 7: Areas with various maize cropping patterns using GPS 
coordinates.
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Figure 8: Percentage virus disease incidence in maize cropping 
patterns.

Figure 9: Effects of insect infestation on severity of maize 
diseases.

Effect of insect infestation on severity of maize viral 
diseases

It was observed that severity depends on infestation by 
8%. However, the correlation is weak but positive (Figure 9). 
This implies that, the higher the insect infestation, the higher 
the severity of the disease. There were variations in the insect 
incidence and disease severity in all the farm surveyed (Figure 
9).

Discussion
Farmer’s response to the presence of viral disease on 

their maize fields was based on assumption. They could not 
categorically state or identify the source of viral infection which 
may be due to lack of information or technical understanding 
of the problems encountered on their fields [7]. In all farms 
visited, there were similar opinions among farmers concerning 
viral disease incidence on cultivated maize fields. The study has 
shown that the cropping system played a vital role in determining 
the incidence and severity of viral infection on the maize fields 
within the state. This has already been observed by [8] that agro-
ecological distribution and cropping system contributed in the 
viral disease incidence and insects vector dynamics in cultivated 
fields. 

The high incidence of maize virus disease in some maize 
fields surveyed in some local governments such as Ikole and 
Ilejemeje, may not have been said not to be connected with the 
thicker agro-ecological vegetation and favourable environmental 
condition that favoured wider alternative host range for the 
virus and the insect vectors which may have made a significant 
contribution to disease establishment spread [8]. [9] earlier 
observed a similar pattern of occurrence of cutworm, Agrotis 
ipsilon (Rott.), armyworm, Mythimna separata (WLK), earworm, 
Heliothis armigera (Hb.) and the corn aphid Rhopalosiphum 
maidis (Fitch.) on three cultivar of maize, based on seasonal 
and ecological variations and the order of preference for the 
four pests, respectively. The incidence of virus disease in maize 
cropping patterns was probably due to the presence of many 
alternative insects’ vectors that facilitated easy spread and 
infestation of maize plants [10,11] stated that, corn aphid is the 
most common aphid species on maize and can affect any crop 
stage. There high numbers can cause plants to turn yellow and 
cause increase in disease incidence. 

Table 2: Insect infestation, incidence and severity of maize viral diseases in the 16-local government.

Local Government Area Insect Infestation Incidence (%) Severity

Ado 3.25±0.25 b 15.00±5.00 ab 3.00±0.41 bc

Efon 2.75±0.25 b 25.00± 8.66 ab 3.00±0.41 bc

Ekiti East 2.50±0.65 ab 15.00±6.12 ab 3.00±0.82 bc

Ekiti South West 2.50±0.29 ab 20.00±0.00 ab 1.50±0.29 a

Ekiti West 2.25±0.25 ab 16.50±6.03 ab 2.25±0.25 abc

Emure 1.25±0.25 a 25.00±6.45 ab 1.75±0.25 ab

Gbonyin 3.00±0.57 b 17.50±4.79 ab 2.25±0.25 abc

Ido/Osi 2.25±0.75 ab 21.25±1.25 ab 3.25±0.75 bc

Ijero 3.00±0.41 b 20.00±4.08 ab 2.50±0.50 abc

Ikere 2.50±0.29 ab 20.00±4.08 ab 2.50 ± 0.50 abc

Ikole 2.50±0.29 ab 37.50±8.54 b 2.50±0.50 abc

Ilejemeje 3.50±0.29 b 37.50±16.01 b 3.25±0.25 bc

Irepodun/Ifelodun 2.50±0.65 ab 7.75±2.25 a 1.50±0.29 a

Ise Orun 2.25±0.25 ab 22.50±9.46 ab 1.75±0.48 ab
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Moba 2.25±0.50 ab 17.50±4.79 ab 2.25±0.25 abc

Oye 2.75±0.25 b 32.50±16.52 ab 2.25±0.25 abc
Mean± S.E with Different Superscripts Across Row Are Significantly Different From Each Other (P≤0.05).

The tall maize plant inter-cropped with dwarf companion 
crops would have served as trap crop for insect vectors carrying 
pathogenic viruses [7]. Thereby causing increase in disease 
incidence on the maize crop [10], the vectors carrying the virus 
would have deposited the viral pathogen on the maize plant in a 
persistent or non-persistent way and not on the dwarf companion 
crop. This may be the reason why maize inter-cropped with 
tomato and or pepper had high viral disease incidence. From 
the result of this study, there was a positive correlation between 
insect infestations on disease severity which indicates that 
as insect infestation increases severity also increases. There 
is a relationship between the insect infestation on the field 
and severity of disease [7,12]. However, the ecological zone, 
farmer’s cultivation practices as well as the cultivar are probable 
contributors to disease infection, severity and spread [13-42]. 

Conclusion
Viruses cause many important plant diseases and are 

responsible for huge losses in crop production and quality. This 
study provides information on the incidence of viruses infecting 
maize and their distribution in maize cropping pattern. Also, 
it proves that maize cropping pattern with other crops makes 
it more vulnerable to higher disease incidence and severity as 
insect infestation increase.
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