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Chapter 2

MLN-causing Viruses in Africa, 
and their Symptoms

Anne Wangai1 and L.M. Suresh2*

1. Introduction
MLN is a maize viral disease caused by a synergistic interaction of maize chlorotic mottle virus (MCMV) and 
sugarcane mosaic virus (SCMV) or other potyviruses such as maize dwarf mosaic virus (MDMV) or wheat 
streak mosaic virus (WSMV) (Mahuku et al., 2015; Redinbaugh and Stewart, 2018; Prasanna et al., 2020). MLN 
outbreaks in the east African region are closely associated with co-infection of plants with MCMV and SCMV. 
MCMV and SCMV alone are also capable of causing significant damage. 

Disease symptoms are often the outward expression of the effects of viruses and other pathogens on growth 
and development of plants. “Symptoms” are defined as perceptible changes in the plants or its functions 
that indicate a disturbance in the normal course of the physiological processes (Bos, 1977). Virus infection 
in plants can often be difficult to identify visually, as symptoms are often subtle and could be easily confused 
with nutrient deficiency or herbicide injury. In addition, disease development and its associated symptoms are 
often influenced by the plant genotype, crop stage, environment, and the crop development stage at which the 
infection occurs.

2. MLN Symptoms
MLN is Initially associated with development of fine chlorotic specks or mottling of young growing leaves 
(Fig. 1.1) that coalesce to produce chlorotic stripes (Fig. 1.2). Eventually the whole leaf becomes necrotic 
(Fig. 1.3). After 15 days post infection, the leaves gradually start showing some mottling. However, symptoms 
severity and progression vary with crop growth stages, plant vigor and nutrient management, local prevailing 
environment, host susceptibility and local agronomic conditions. Growth is stunted in MLN affected plants 
(Fig. 1.4). Plant infected at earlier growth stages generally develop more severe (chlorotic/necrotic) symptoms, 
which can lead to plant death (Fig. 1.5). Death of young leaves in the whorl results in “dead heart” (Fig. 1.6). 
Plants also develop smaller ears which start drying (Fig. 1.7). Other symptoms include distortion of the male 
inflorescence (Fig. 1.8), with hard panicles, a short rachis, and few spikelets; reduced numbers and length of 
malformed and partially filled ears (Fig.1.9). Complete fields may be killed before tasseling in case of severe 
infection at the early crop growth stages. 

3. Maize Chlorotic Mottle Virus (MCMV)

3.1. Host Range
Host range or those plant species infected by MCMV is restricted to plants within the grass family (Poaceae). 
These include wild grasses (e.g., Digitaria abyssinica, Cynodon dactylon, Pennisetum clandestinum, Digitaria 
velutina, Cyperus rotundus, Brachiaria brizantha, teosinte), cereals [Sorghum bicolor (sorghum), Eleusine 
coracana (finger millet), Saccharum officinarum (sugarcane), Zea mays (maize), Triticum spp. (wheat), 
Pennisetum purpureum (Pearl millet), Sorghum halepense (Johnson grass)], and other grasses (Andropogon, 
Bromus, Digitaria, Eragrostis, Panicum, Setaria, Spartina spp. etc.) (Mahuku et al., 2015, Kusia et al., 2015). 
The virus is not known to infect dicotyledonous species (Castillo and Hebert, 1974; Niblett and Claflin, 1978). 
Maize is an important natural host of MCMV (Bockelman et al., 1982), but maize genotypes range from highly 
susceptible to resistant. Experimental host range and alternative host species reported are also restricted to the 
Poaceae (Castillo and Hebert, 1974). 
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Figure 1. MLN symptoms and effects at various maize growth stages. 
Note: The symptoms in these photos were on MLN-infected maize plants artificially 
inoculated with MCMV plus SCMV at the MLN Screening Facility, Naivasha, Kenya.

Figure 1.1. Chlorotic 
specks on young leaves

Figure 1.4. Shortening of 
internodes

Figure 1.7. Premature 
drying of husks at grain 
filling stage

Figure 1.2. Chlorotic 
stripes on leaves

Figure 1.5. Severe 
chlorosis and necrosis of 
leaves

Figure 1.8. Tassel 
blasting at flowering 
stage

Figure 1.3. Severe 
chlorosis of leaves

Figure 1.6. Dead heart 
symptoms of plants

Figure 1.9. Poor or no 
grain filling
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3.2. Symptoms
Maize plants infected with MCMV alone develop symptoms (Fig. 2.1-2.3) that are milder than when infected
along with a potyvirus, causing MLN. Early symptoms begin as chlorotic specs and form chlorotic stripes 
developing from the base of youngest leaves, progressing upward towards the leaf tips. The stripes 
later coalesce to form uneven patches with chlorotic mottle that finally turn necrotic. In severe infections 
of particularly susceptible lines, leaf necrosis can result in plant death (Castillo and Hebert, 1974). Male 
inflorescences have hard panicles, short rachis and few spikelets. Fewer ears and ear malformation can also 
occur in severe infections (Castillo, 1976).

3.3. Conditions for Disease Development
MCMV is efficiently transmitted mechanically and by chrysomelid beetles and thrips. It is also transmitted 
through contaminated seed at very low rates (see Chapter 3). MCMV has been detected serologically in all 
parts of an infected maize plant, including leaf, stem, roots, cob, husk, silk, kernel, seed, anther, and sheath 
tissues. When MCMV co-infects maize with any potyviruses, a synergistic interaction occurs causing MLN. The 
MLN symptoms are much more severe than the additive symptoms of either MCMV or the potyvirus alone. The 
virus complex causes a severe systemic necrosis which may even culminate in death of a plant. If maize plants 
exhibit a rapid onset of necrosis followed by rapid plant death, it is likely that they are infected with both MCMV 
and a maize-infecting potyvirus. From an epidemiological perspective, MLN can occur wherever both MCMV 
and a maize infecting potyvirus are prevalent.

It has been reported that leaves of maize plants inoculated early (3-7 leaf stage) are more adversely affected 
and become stunted, die prematurely, and bear small, deformed and partially filled or no ears while the plants 
inoculated later (14-leaf stage) do not often develop symptoms as severe as those of the earlier-infected plants 
although the kernel weight may be greatly reduced. The virus has been associated with some late-infected 
plants that showed normal green foliage but bore prematurely yellowed and necrotic ears with shriveled kernels 
(Uyemoto, 1983).

Figure 2. MCMV symptoms on maize leaves. Note: The symptoms were on maize plants that 
were artificially inoculated with MCMV in nethouses under controlled conditions at the MLN 
Screening Facility, Naivasha, Kenya (as per the inoculation protocol described in Chapter 7).

Figure 2.1. Mottle / mosaic 
symptom due to MCMV 
infection of maize plants

Figure 2.2. Chlorotic stripes 
on leaves due to MCMV 
infection

Figure 2.3. Chlorotic spots, 
coalescing to stripes, on a 
MCMV-infected leaf

http://www.dpvweb.net/dpv/showrefs.php?dpvno=284
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4. Sugarcane Mosaic Virus (SCMV)
The SCMV complex (Family Potyviridae) is known to consist of four distinct potyviruses and includes strains 
of Johnsongrass mosaic virus (JGMV), maize dwarf mosaic virus (MDMV), sorghum mosaic virus (SrMV), and 
sugarcane mosaic virus (SCMV) (Shulka et al., 1994). SCMV is the most widespread virus disease affecting 
sugarcane production. As many as 21 different strains were found in the United States (Yang and Mirkov, 1997). 
This disease occurs in sugarcane-growing countries worldwide and has significant economic impacts. Yield 
losses due to SCMV complex were reported to be as high as 21% in the United States (Grisham, 2000) and up 
to 42% in South Africa (Balarabe et al., 2014). 

4.1. Host Range
SCMV causes mosaic diseases in sugarcane (Koike and Gillaspie, 1989) but different strains of SCMV 
usually infects various members of the crop and wild species of the Poaceae family. Some hosts that have 
been identified are Sorghum bicolor, Zea mays, Brachiaria piligera (Sabi grass), Sorghum verticilliflorum (wild 
sorghum), Urochloa mosambicensis, Dinebra retroflexa, Eragrostis cilianensis, Pennisetum glaucum (pearl millet) 
and Digitaria didactyla (Teakle and Grylls, 1973; Persley and Greber, 1977). The SCMV strain formerly known as 
maize dwarf mosaic virus (MDMV) strain B infects maize and may infect other wild Poaceae grasses.

4.2. Symptoms
The classical symptoms of SCMV consist of contrasting shades of green on a background of paler green 
to yellow chlorotic areas. Sometimes yellow stripes and/or necrosis also occur. The symptoms expression 
and intensity vary depending on the virus strain, the host cultivar and the environmental conditions, 
particularly temperature. 

Infected plants develop a distinct mosaic (Fig. 3.1), and irregularities in the distribution of normal green color 
(Fig. 3.2), on the youngest leaf bases. Sometimes the mosaic appearance is enhanced by narrow chlorotic 
streaks (Fig. 3.3) extending parallel to the veins. Later, the youngest leaves show a general chlorosis, and 
streaks are larger and more abundant. As plants approach maturity, the foliage can turn purple or purplish 
red. Depending on the time of infection, there may be severe stunting of the plant. Plants infected early may 
become totally barren.

Figure 3.1. Mosaic symptoms 
on maize leaves

Figure 3.2. Irregular mosaic 
symptoms on maize leaves

Figure 3.3. Narrow chlorotic 
streaks on maize leaves

Figure 3. SCMV symptoms on maize leaves. Note: The symptoms were on maize plants that were 
artificially inoculated with SCMV in net houses under controlled conditions at the MLN Screening 
Facility, Naivasha, Kenya (as per the inoculation protocol described in Chapter 7).

https://www.cabi.org/isc/datasheet/49801
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4.3. Conditions for Disease Development
SCMV infection occurs at the seedling or other vegetative growing stages, but maximum concentration of the 
viral particles is found in young leaves and minimum in the roots of older infected plants. Seed transmission 
has also been reported (Ford et al., 1989). The main source of primary infection is the vegetative parts used 
for propagation of sugarcane. The virus overwinters in infected sugarcane or in appropriate perennial hosts of 
the specific strain. The virus is transmitted in a non-persistent manner by several species of aphids including 
Rhopalosiphum maidis, R. padi, Myzus persicae, Schizaphis graminum, and Aphis craccivora (Noone et al., 
1994). The virus is easily sap-transmissible. Infected plants begin to show symptoms at about 4-6 weeks after 
planting. Crops of maize and sorghum are good hosts of SCMV vectors such as R. maidis, and should not be 
grown near infected sugarcane crops. Altering the times of planting and harvesting so that they do not coincide 
with high aphid vector populations can also reduce losses (Bailey and Fox, 1980). 

5. References
Bailey RA, Fox PH (1980) The susceptibility of varieties of mosaic and the effect of planting date on mosaic incidence in 

South Africa. Proc. South African Sugar Technology Association, 54: 161-167.
Balarabe DD, Adama Y, Khan Azmat UU, Aisha ZM (2014) Identification of virus isolates inducing mosaic of sugarcane in 

Makarfi Local Government Area of Kaduna State, Nigeria. African Journal of Biotechnology 13: 1351-1357.
Bockelman DL, Claflin LE, Uyemoto JK (1982) Host range and seed-transmission studies of Maize chlorotic mottle virus in 

grasses and corn. Plant Disease 66: 216-218.
Bos L (1977) Symptoms of Virus Diseases in Plants. Research Institute for Plant Protection, Wageningen, The Netherlands. 

Wageningen.
Castillo JC (1976) Maize virus and virus-like diseases in Peru. In: Williams LE, Gordon DT, Nault LR (eds). Proceedings of the 

International Maize Virus Disease Colloquium and Workshop, 16-19 August 1976, The Ohio State University, Wooster, 
Ohio Agricultural Research and Development Center, USA, pp. 40-44

Castillo J, Hebert TT (1974) Nueva enfermedad virosa afectando al maiz en el Peru. Fitopatologia 9: 79-84.
Ford RE, Tosic M, Shukla DD (1989) Maize dwarf mosaic virus. AAB Descriptions of Plant Viruses No. 341. Association of 

Applied Biology, Wellesbourne, UK.
Grisham MP (2000) Mosaic. In: Rott P et al. (eds), A Guide to Sugarcane Diseases. CIRAD/ISSCT, La Librairie du Cirad, 

Montpellier, France, pp. 249-54.
Jensen SG, Wysong DS, Ball EM, Higley PM (1991) Seed transmission of maize chlorotic mottle virus. Plant Disease 75: 

497-498.
Koike H, Gillaspie AG Jr (1989) Mosaic. In: Ricaud C et al. (eds) Diseases of Sugarcane. Elsevier, New York, USA, 

pp. 301-322.
Kusia ES, Subramanian S, Nyasani JO, Khamis F, Villinger J, Ateka EM, Pappu HR (2015) First report of lethal necrosis 

disease associated with co-infection of finger millet with Maize chlorotic mottle virus and Sugarcane mosaic virus in 
Kenya. Plant Disease 99(6): 899-900. 

Mahuku G, Lockhart BE, Wanjala B, Jones MW, Kimunye JN, Stewart LR, Cassone BJ, Sevgan S, Johnson N, Kusia E, 
Lava Kumar P, Niblett CL, Wangai A, Kiggundu A, Asea G, Pappu H, Prasanna BM, Redinbaugh MG (2015) Maize 
lethal necrosis (MLN), an emerging threat to maize-based food security in sub-Saharan Africa. Phytopathology 105: 
956-965. https://doi.org/10.1094/phyto-12-14-0367-fi

Niblett CL, Claflin LE (1978) Corn lethal necrosis – a new virus disease of corn in Kansas. Plant Disease Reporter 62: 15-19. 
Noone DF, Srinsk S, Teakle DS, Allsopp PG, Taylor PWJ (1994) Ability to transmit sugarcane mosaic virus and seasonal 

phenology of some aphid species (Hemiptera: Aphididae) in the Isis and Bundaberg districts of Queensland. Journal of 
Australian Entomological Society 33: 27-30.

Persley DM, Greber RS (1977) Additional field hosts of sugarcane mosaic virus in Queensland. APPS Newsletter 6(4): 54.
Prasanna BM, Suresh LM, Mwatuni F, Beyene Y, Makumbi D, Gowda M, Olsen M, Hodson D, Worku M, Mezzalama M, 

Molnar T, Dhugga K, Wangai A, Gichuru L, Angwenyi S, Alemayehu Y, Grønbech-Hansen J, Lassen P (2020) Maize 
lethal necrosis (MLN): Containing the spread and impact of a devastating transboundary disease in sub-Saharan Africa. 
Virus Research 282: 197943. https://doi.org/10.1016/j.virusres.2020.197943

Redinbaugh, M.G., Stewart, L.R., 2018. Maize lethal necrosis: an emerging, synergistic viral disease. Annual Review of 
Virology 5: 301-322. https://doi.org/10.1146/annurev-virology-092917-043413

Shulka DD, Ward CW, Brunt AA (1994) The sugarcane mosaic virus subgroup. The Potyviridae. CAB International, 
Wallingford, UK, pp. 360–371.

Teakle DS, Grylls NE (1973) Four strains of sugarcane mosaic virus infecting cereals and other grasses in Australia. 
Australian Journal of Agricultural Research 24: 465-477.

Uyemoto JK (1983) Biology and control of maize chlorotic mottle virus. Plant Disease 67: 7-10.
Yang ZN, Mirkov TE (1997) Sequence and relationships of sugarcane mosaic and sorghum mosaic virus strains and 

development of RT-PCR-based RFLPs for strain discrimination. Phytopathology 87: 932–939. https://doi.org/10.1094/
phyto.1997.87.9.932.

https://www.ncbi.nlm.nih.gov/pubmed/25822185
https://doi.org/10.1094/phyto-12-14-0367-fi
https://www.cabi.org/isc/abstract/19951100049
https://www.cabi.org/isc/abstract/19951100049
https://www.cabi.org/isc/abstract/19951100049
https://doi.org/10.1016/j.virusres.2020.197943
https://doi.org/10.1146/annurev-virology-092917-043413
https://www.cabi.org/isc/abstract/19731306005
https://www.cabi.org/isc/abstract/19731306005
https://doi.org/10.1094/phyto.1997.87.9.932
https://doi.org/10.1094/phyto.1997.87.9.932

