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Abstract 
Sugarcane Mosaic Virus (SCMV) is a plant pathogenic virus of the family Potyviridae. This study was 
conducted to evaluate the susceptibility and effect on the vegetative growth of three maize varieties to 
Sugarcane Mosaic Virus (SCMV) under field and screen house conditions. Three maize varieties 
(SAMMAZ 14, 29, and 37) obtained from the Institute of Agricultural Research (IAR), Ahmadu Bello 
University, Zaria, were planted in a randomized block design (RBD) and inoculated with sugarcane 
mosaic virus. The symptoms of the SCMV were observed and plant growth parameters such as plant 
height, leaf length, and leaf width were measured weekly. Data obtained were subjected to analysis of 
variance (ANOVA) and Students T-Test. The result indicated that all the three maize varieties are 
susceptible to sugarcane mosaic virus with moderate to severe mosaic patches and chlorosis that are 
typical of the virus.   SAMMAZ-37 was the most susceptible to the virus in both field (70%) and screen 
house (90%) conditions, while SAMMAZ-14 was the least susceptible in both fields (30%) and screen 
house (50%) conditions. The SCMV effect on growth indices significantly (P < 0.05) affected the plant 
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height in field and screen house conditions when compared to the non-inoculated control. Generally, there 
is no significant difference (P > 0.05) in growth indices (plant height, leaf length, and leaf width) of the 
three maize varieties between field and screen house conditions. The study concludes that the three maize 
varieties used in this study are susceptible to SCMV at varying degrees, and this may affect the quantity 
and quality of maize production. 
 
Keywords: Sugarcane Mosaic Virus; Maize varieties; Susceptibility; Screen house, Field 
conditions  
 
 
INTRODUCTION  
Sugarcane Mosaic Virus (SCMV) commonly called grass mosaic is a plant virus that belongs to 
the family Potyviridae and genus Potyvirus (Wu et al., 2012). The virus is pathogenic to plants 
and was first described in sugarcane by Brandes (1919). It is flexuous and has a single-stranded 
RNA genome, measuring 12nm in diameter and 730nm long (Shukla et al., 1988; EPPO, 2020). 
The virus is the most widespread and has a wide distribution in most of the major sugarcane-
producing countries of the world and its occurrence has been confirmed in at least twenty-six 
countries across the continents (Silva-Rosales et al., 2015; Yahaya et al., 2019). The primary host 
range of SCMV includes Saccharum sp (sugarcane) and Zea mays (maize), while the secondary 
host range includes various members of the family Poaceae (Gopal et al., 1993; Wu et al., 2012). 
The mode of transmission is via aphid vector (Noone et al., 1994) in a non-persistent manner 
from older infected crops to the seedling stage or vegetative growing stage of other hosts 
(Srisink et al., 1994). Accidental transmission through vegetative planting material is an 
additional important mode of spreading the virus especially when mature sugarcane plants 
with mild symptoms are used as planting materials, and thus the virus may be distributed from 
one crop to the next (Srisink et al., 1993; Dangora et al., 2014). There is no report on the 
transmission of SCMV in sugarcane seed. However, in maize, the pattern of SCMV prevalence 
in France in 2007 led Marie-Jeanne et al. (2011) to suggest that SCMV may be seed-borne in 
maize. Li et al. (2007) report that SCMV can enter maize seeds through infected pollen as well as 
from an infected female plant. The virus causes mosaic symptoms in sugarcane, maize, 
sorghum, Johnsongrass, and other poaceous plants. The symptoms of SCMV include 
discolouration of the plant leaves (chlorosis or yellowing), intense mottling throughout the 
laminar region of the plant, and growth stunting.  In maize, the infection first occurs on the 
young leaves with symptoms such as light or dark green mosaic colouring developing along the 
veins. Maize plants infected at the early leaf stage may be moderate to severely stunted and 
have poor seed set, depending on the infected line (Wu et al., 2012).  
 
Crop losses due to SCMV can vary from negligible to severe, and depend on many factors, 
including the susceptibility of the cultivars to the prevailing strain of SCMV, the incidence of 
infection, the prevailing environmental condition, the stage of growth when the infection 
occurs, and interaction with other agents affecting the crop (Awata et al., 2019; Yahaya et al., 
2019). The virus is of great concern because of the high economic impact on crop quality in 
terms of poor germination rate, poor growth rate, and severe yield loss of infected host (Awata 
et al., 2019; Yahaya et al., 2019). It is therefore, necessary to screen different maize varieties to 
SCMV. Hence this study was designed to evaluate the susceptibility and effect on the growth of 
the aerial parts of three maize varieties to Sugarcane Mosaic Virus (SCMV) under field and 
screen house conditions. 
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MATERIALS AND METHODS 
 
Study area 
This research was conducted in Experimental Garden, Department of Botany (Longitude 07° 

033‵E and latitude 11°012’N; 610m above the sea level), Faculty of Life Sciences, Ahmadu Bello 
University (ABU) Zaria, Nigeria.  
 
Plant source and experimental design  
Three varieties of maize seeds: Sammaz-14, Sammaz-29, and Sammaz-37 were obtained from 
IAR Ahmadu Bello University, Zaria. For the field experiment, three seeds per planting bag 
were planted in 5 kg sterilized loamy soil in a randomized block design (RBD) with each variety 
planted in 30 bags. Of the 30 bags for each variety, 24 plants were inoculated with SCMV 
randomly after germination, the remaining 6 served as the control. For the screen house 
experiment, a similar setup was done as in the field experiment. 
 
Inoculation of SCMV into maize plants 
Sugarcane mosaic virus infected leaves were collected from the sugarcane, Saccharum officinarum 
B4-7149 plant at the experimental garden, and 0.5gram of the infected leaf was weighed and 
homogenized into a paste using a sterilized mortar and a pestle in 5mL of phosphate buffer (pH 
7.0). The phosphate buffer was added to help keep the virus active in the homogenized infected 
leaf. The plant sap was inoculated directly onto the young leaves of 2 weeks old maize plants, 
using carborundum powder as an abrasive. The carborundum abrasive was dusted/sprinkled 
on young leaves first, before rubbing the inoculum on it gently using the gloved left-hand 
forefinger, while the gloved right hand supports the leaf from the bottom. Two or three leaves 
of each plant were stripped twice with the inoculum to which a carborundum powder had been 
added. Inoculated leaves were then rinsed with distilled water to remove excess materials 
(Kovacs et al., 1994). The inoculated plant was observed weekly for symptom expression. The 
inoculated and controlled field plants were being sprayed weekly with insecticide, 
cypermethrin according to manufacturer’s recommendation to avoid transmission of other 
viruses and diseases by insect vectors. 
 
Evaluation of symptoms of SCMV and growth parameter 
All inoculated plants were observed for virus symptoms from 7 days post-inoculation, and 
every two (2) days interval for up to 6 weeks using a scale of 1 to 5, where 1 = no symptoms, 3 = 
mild symptoms, and 5 = severe symptom (Karanja et al., 2018). Plant height, leaf length, and leaf 
width were measured and recorded weekly using a tape rule. All the parameters were recorded 
after symptoms of SCMV appeared on the inoculated plants.  
 
Data analysis 
All data on growth parameters were presented in line graph and bar charts. One-Way Analysis 
of Variance (ANOVA) was used to establish if there was any significant difference between the 
weekly mean heights, mean lengths, and mean widths of inoculated and non-inoculated plants 
both in screen house and field condition.  The students’ T-test was used to establish if there was 
any significant difference on the effects of the virus under screen house and on field condition. 
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RESULTS  
In all the parameters measured, the non-inoculated plants have a higher rate of performance 
with normal and healthy leaf features than the inoculated plants. Also, symptoms were 
observed on the leaves of the inoculated plants, both on the field and under screen house 
conditions. The symptoms ranged from mild mosaic patches on leaves of Sammaz 14 infected 
under field condition (Plate 1b) to leaf with contrasting shades of dark and pale green and 
moderate chlorosis in screen house condition (Plate 1c); severe chlorotic and mosaic patches on 
leaves of Sammaz-29 under field condition (Plate 1e) to severe mosaic patches along the leaf 
vein of infected Sammaz-29 under screen house condition (Plate 1f), and severe chlorosis with a 
distinctive mosaic pattern on infected leaves of Sammaz-37 under field condition (Plate 1h) to 

severe contrasting shades of a dark and pale green pattern of infected leaves in Sammaz-37 
under screen house condition (Plate 1i). 
 

 

a: control; b: mild mosaic patches; c: moderate chlorosis; d: control with normal and healthy leaf features; e: severe 
chlorotic and mosaic patches; f: severe mosaic patches along leaf vein; g: control with healthy and normal leaf 
features; h: severe chlorosis with a distinctive mosaic pattern; i: severe contrasting shades of dark and pale green 
pattern  

Plate 1: Symptoms and susceptibility of maize varieties to experimental sugarcane mosaic virus (SCMV).  
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The SMCV effect on growth indices significantly (P < 0.05) affected the plant heights in both 
field and screen house conditions when compared to the non-inoculated control (Figure 1). 
Generally, a plant that was grown under field conditions had a higher mean plant height than 
those grown under screen house conditions. The non-inoculated control plants showed a better 
and significant (P < 0.05) mean weekly growth in plant heights in comparison to the infected 
varieties. Samman-14 also had higher growth in comparison to Sammaz-29 and Sammaz-37 in 
both field and screen house conditions (Figure 1).  
 

 
 

a: field; b: screenhouse 

Figure 1: Mean weekly response of plant heights in non-inoculated and inoculated maize varieties to sugarcane 

mosaic virus (SCMV)  
 

There was no significant difference (P > 0.05) in the mean plant heights at the end of the 
experiment between maize varieties exposed to SCMV in field and screen house conditions 
(Table 1).  
 

Table 1: Comparison of mean heights of maize varieties susceptible to SCMV under field 
conditions and screen house  
Varieties Field condition Screen house P-value 

SAMMAZ-14 24.74±7.77 18.65±5.12 0.53 Ns 
 
SAMMAZ-29 23.64±6.69 18.80±5.18 0.58 Ns 
 
SAMMAZ-37 24.30±7.21 18.79±5.69 0.57 Ns 
 
Non Inoculated 30.74±10.08 22.80±5.86 0.52 Ns 

   
Mean (±) S.E across the row with P ≥ 0.05 are not significantly different. Ns= Non significant 
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The mean weekly response of leaf lengths in non-inoculated and inoculated maize varieties to 
SCMV under field and screen house conditions are presented in Figure 2. All maize plants that 
served as a control experiment (non-inoculated) showed higher growth in mean weekly leaf 
lengths in comparison to the infected maize varieties. Samman-37 and Sammaz-29 had higher 
leaf lengths in comparison to Sammaz-14 (Figure 2).  
 

 
a: field; b: screenhouse 

Figure 2: Mean weekly response of leaf lengths in non-inoculated and inoculated maize varieties to sugarcane mosaic 
virus (SCMV)  

 
Although, there were no significant differences in the mean weekly leaf lengths of the 
infected maize varieties. Additionally, the Students’ T-test revealed no significant difference 
(P > 0.05) in the mean leaf lengths at the end of the experiment between maize varieties 
exposed to SCMV in field and screen house conditions (Table 2). 

 

Table 2: Comparison of mean length of maize varieties susceptible to SCMV under field 
conditions and screen house  
Varieties Field condition Screen house P-value 

SAMMAZ-14 21.8±2.57 18.52±3.38 0.47 Ns 
 
SAMMAZ-29 22.26±2.60 18.74±3.59 0.46 Ns 
 
SAMMAZ-37 23.17±3.04 19.27±4.09 0.82 Ns 
 
Non Inoculated 25.87±3.86 22.88±4.69 0.64 Ns 

Mean (±) S.E across the row with P ≥ 0.05 are not significantly different. Ns= Non significant 

 
Figure 3 represents the mean weekly response of leaf widths in non-inoculated and inoculated 
maize varieties to SCMV under field and screen house conditions. There was no significant 
difference in the mean weekly leaf widths at weeks 1, 2, and 3. However, there was a significant 
difference in the mean weekly leaf widths at week 6 between the control and infected maize 
varieties in both field and screen house conditions. (Figure 3). Generally, in the comparison 
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between susceptibility to SCMV in field and screen house condition, students-test revealed no 
significant difference (P > 0.05) (Table 3). 

 
a: field; b: screenhouse 

Figure 3: Mean weekly response of leaf widths in non-inoculated and inoculated maize varieties to sugarcane mosaic 
virus (SCMV)  

 

Table 3: Student T-Test for comparison of mean width of maize varieties susceptible to 
SCMV under field conditions and screen house  

Varieties Field condition Screen house P-value 

SAMMAZ-14 1.56±0.36 1.20±0.27 0.46 Ns 
 
SAMMAZ-29 1.58±0.36 1.25±0.28 0.49 Ns 
 
SAMMAZ-37 1.62±0.36 1.18±0.30 0.39 Ns 
 
Non Inoculated 2.09±0.45 1.62±0.39 0.46 Ns 

 
Mean (±) S.E across the row with P ≥ 0.05 are not significantly different. Ns= Non significant 

 
The mean percentage susceptibility of maize varieties to SCMV under field and screen house 
conditions is presented in Figure 4. Sammaz -37 was the most susceptible (P < 0.05) to the virus 
in both fields (70%) and screen house (90%) condition, this is followed by Sammaz-29 which is 
50% susceptible on field condition, and 70% susceptible to SCMV in screen house condition, 
while Sammaz-14 was the least susceptible in both field (30%) and screen house (50%) 
conditions. All three maize varieties were more susceptible to SCMV under screen house 
conditions and less susceptible in field conditions (Figure 4). 
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Figure 4: Mean percentage susceptibility of maize varieties to  sugarcane mosaic virus (SCMV) under field and screen 
house conditions  

 
DISCUSSION 
The result indicated that all three maize varieties were susceptible to sugarcane mosaic virus 
with moderate to severe mosaic patches and chlorosis that are typical of the virus. The 
symptoms of SCMV on the infected maize plants are mosaic on the leaves, exhibit dwarfing, 
chlorosis, or yellowing of the leaves sometimes premature death.  The early infection leads to 
severe and more pronounced symptoms. Field maize showed fewer symptoms than the maize 
planted under screen house conditions probably due to environmental conditions, particularly 
temperature as reported by Kuntze et al. (1995). Mosaic appeared first at the base of the 
youngest leaf on one side, or both sides of the main leaf vein, which gradually enlarged and 
spread over the blade of the growing leaf.  All discolouration occurred on leaves that were 
growing when infection occurred, or on leaves grown after infection. The severity of symptoms 
depends primarily on the susceptibility of the genotype being grown, and on the time of 
infection (Harmon, 2014). Young leaves may experience chlorotic spotting which may 
eventually turn into a mosaic or mottled pattern later in the growing season, the mosaic pattern 
may bleed into a general yellowing of the leaf.  The classical symptoms are contrasting shades 
of green on a background of paler green to yellow chlorotic areas.  Sometimes yellow stripes 
and/or necrosis occur (Harmon et al., 2015: Nga et al., 2020). Chlorophyll is responsible for the 
green colour of leaves, and severe chlorosis may result in insufficient chlorophyll leading to the 
inability of affected plants to manufacture sufficient carbohydrates through photosynthesis, and 
plants may become stunted (Ahmil, et al., 2019). The particular symptoms depend on the virus 
strain, the host cultivar, and probably environmental conditions, particularly temperature 
(Kovacs et al., 1994). 
There was generally progressive growth of all infected maize varieties but at different growth 
rates. Those of the non-inoculated control group had a higher growth rate in comparison with 
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the infected varieties. This indicated that all the three maize varieties are susceptible to the 
SCMV virus but at varying degrees. In the field condition, there was a decrease in percentage 
plant heights by 19.52%, 23.10%, and 20.95% in Sammaz-14, Sammaz-29, and Sammaz-39, 
respectively at the end of six weeks in comparison to the control experiment. While in the 
screen house condition, there was a decrease in percentage plant heights for Sammaz-14 
(18.20%), Sammaz-29 (17.54%), and Sammaz-37 (17.59%) in comparison to the non-inoculated 
plants. This finding conforms to the work of Fuchs and Grüntzig (1995) and Taiye and 
Olusegun (2013) who reported that the degree of growth reduction also depends on the maize 
genotype and time of infection. The result is also in conformity with reports of Scott and Nelson 
(1972); Mikel et al. (1981) who reported early infection with SCMV also delayed all stages of 
maize development, for two weeks or more. Infection on maize plants affects growth stages of 
development, leaf area, fertility, seed quality (viability), and susceptibility to other pathogens 
(Mikel et al., 1981). Losses caused by SCMV are mainly through reduced yield of the crop. In 
East Africa, 10 susceptible maize hybrids had yield losses of 18-46% when inoculated with 
SCMV in the seedling stage (Louie and Darrah, 1980). In Germany, SCMV was more prevalent 
than Maize dwarf mosaic virus (MDMV) but had a similar effect on the growth and yield of 
maize. Early infection reduced plant height by 25%, total weight by 38%, and ear weight by 27% 
(Fuchs et al., 1990). 
Generally, Sammaz-29 and Sammaz-37 were more susceptible to the influence of SCMV in the 
present study characterized by severe symptoms of SCMV and a general reduction in leaf 
length and leaf width of the three maize varieties in field and screen house conditions. 
 
CONCLUSION 
The result obtained in this research indicated that all the three maize varieties showed mild to 
severe symptoms of sugarcane mosaic virus characterized by mosaic patches and chlorosis that 
are typical of the virus.   Sammaz-37 was the most susceptible to the virus in both field (70%) 
and screen house (90%) condition, while Sammaz -14 was the least susceptible in both field 
(30%) and screen house (50%) conditions. The SMCV induced a significant reduction in growth 
indices such as plant heights, leaf length, and leaf width in both infield and screen house 
conditions. In the field condition, there was a decrease in percentage plant heights by 19.52%, 
23.10%, and 20.95% in Sammaz-14, Sammaz-29, and Sammaz-39, respectively at the end of six 
weeks in comparison to the control experiment. While in the screen house condition, there was 
a decrease in percentage plant heights for Sammaz-14 (18.20%), Sammaz-29 (17.54%), and 
Sammaz-37 (17.59%) in comparison to the non-inoculated plants. Hence the three maize 
varieties used in this study are susceptible to SMCV at varying degrees, and this might affect 
the quantity and quality of maize production. 
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