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Introduction 

Viruses are complex organic molecules (DNA or RNA encoated with protein) that 
are capable of self-replication when they are introduced into a living host cell. 
Many viruses cause wide range of symptoms on sorghum worldwide. Twenty-
three viruses reported as pathogens on sorghum in nature and among them nine 
viruses are distributed in Asian countries. In India virus diseases on sorghum are 
distributed in all sorghum growing regions. Three groups of plant viruses namely, 
potyvirus: sugarcane mosaic virus (SCMV), maize dwarf mosaic virus (MDMV), 
johnson grass mosaic virus (JGMV) and sorghum mosaic virus (SrMV), Tenuivirus:  
Maize stripe virus or MStV (formerly MStpV), and Rhabdovirus: maize mosaic virus 
(MMV) have been reported to naturally infect the sorghum crop in different 
countries. MStV, MMV, SCMV, MDMV, JGMV and red stripe disease (SRSD) are 
economically important on sorghum in India. In recent times there is an increasing 
trend in incidence of these viruses on sorghum. This may be due to change in 
agricultural practice, intensive cultivation and introduction of high yielding hybrids 
and varieties. Studies suggested substantial loss in grain and fodder yields due to 
these viruses.  

Economic importance 

MStV-S is the most serious virus on sorghum growing in peninsular India. It is a 
potential threat to sorghum production and productivity and will continue to be so 
as the disease is increasing with the time (Table 1).  Of late 10-20% incidence was 
recorded on post-rainy season sorghum (Narayana, 2006). The variation in 
incidence and severity of disease may be due to weather factors, vector survival, 
cropping pattern and host specificity. This may also be due to upward changes in 
temperature regime due to global warming and altered agricultural practices. It 
has the potential to assume more significance with changes in temperature regime 
and crop production practices. The virus not only reduce grain and stover yield but 
also reduce protein content, total soluble solid and digestibility in forage sorghum 
and sugar yield in sweet sorghum. Sorghum grown with protective irrigation during 
rabi attracts more MStV-S incidence and resultant losses.  
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Table 1. Maize stripe virus incidence on sorghum in India. 

State Incidence (%) Season Reference 

AP 0.5 - 10 - Peterschmit et al., 1991 
KAR    0 - 13.5 - Narayana & Muniyappa, 1995 
MAH    4 - 18 Kharif Garud et al., 2000 
MAH    4 - 30 Rabi Das & Prabhakar, 2002a 
AP, KAR, MAH & TN    5 - 12, (25.8*) Rabi Navi et al., 2003 
KAR  10 - 20 Rabi Narayana, 2006 

*Cumulative incidence on Maldandi 

On an average yield loss of 5% for grain and 10% for fodder is common particularly 
in peninsular India. Yield losses vary with the stages of infection. The infection at 
early stages results in higher grain and fodder losses in comparison to infection at 
later stages. Reduction in stover yield is particularly important and can cause 
significant losses in income from crop-livestock production system in rural India 
since sorghum crop residue is an important feed for cattle in this system. 
Reduction of plant height, ear head weight and thousand grain weights to the 
extent of 73, 93 and 25 per cent respectively have been reported in the variety 
CSV15 (Revuru and Garud, 1998). It was observed that stages of chlorosis 
development had high correlation with final plant height (p≤0.01) and shoot -
biomass (p≤0.01). When chlorotic symptom was manifested on 5 th leaf reduction 
of plant height, shoot biomass and grain yield were highest which were 60, 78 and 
99 per cent respectively over the healthy plants (Das and Prabhakar, 2002b) (Table 
2). Apart from grain sorghum MStV has severe adverse effect on forage quality. In 
forage sorghum leaf protein content was reduced by 16.98 and 37.58 per cent in 
MKV Chari-1 and SSG 59-3, while the total soluble solid content reduction was 3.25 
and 3.19 per cent respectively (Rathod et al., 2004). Infection with SRSV 
significantly reduced plant height, leaf area, juice yield and chlorophyll content at 
all stages of growth. 

Disease symptoms 

Virus causes wide range of symptoms on sorghum that include mosaic, mottling, 
yellowing, chlorotic streaks or stripes, reddening of leaves, necrotic spots, 
dwarfing/stunting, delayed flowering, sterility and poor exertion of panicle 
depending on virus and stages of infection. The earliest symptoms of viral diseases 
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under field conditions often resemble symptoms associated with herbicide, 
insecticide, fungicide damage or with genetic abnormalities. The characteristic 
symptoms of major viruses of sorghum are described in the following sections. 
 

Table 2. Effect of MStV-S infection on earhead emergence, plant height and biomass in rabi 
sorghum. 

 
**Significant at 1% level (Source: Das and Prabhakar, 2002b). 

Maize stripe virus (MStV-S) 

Occurrence of MStV on sorghum was first reported in India during nineties 
(Peterschmitt, et al., 1991). The sorghum isolates was found to be the variants of 
MStV and designated as MStV-Sorg (or MStV-S) to distinguish it from MStV which 
readily infects maize. The characteristic external symptoms on sorghum of include 
appearance of continuous chlorotic stripes/ bands between the veins of the 
infected leaf (Fig. 1a). The width of chlorotic stripe varies depending of stages of 
disease development. Leaves on the infected plant appear as yellow with 
continuous stripes progressing from the base towards the tip of the leaves. The 
infection is systemic and subsequent leaves appear with yellow stripes on them. 
Affected plants appear stunted in growth. Early infected plant dies sooner or later 
without emergence of earhead (Fig.1b). Plants infected at later stages appear 
dwarf with short internodes, show partial exertion of earhead having few or no 
seed formations (Fig.1c). The disease is also known as chlorotic stripe stunt or 
sorghum stripe disease (SStD), the name derived from its characteristic stripe 
symptoms on leaf.  In an infected plant, expression of first chlorotic symptom can 

Infection stage 
(leaf position 

from base) 

Disease 
incidence 

(%) 
 

Head emergence 
in diseased plants 

(%) 

Percent reduction over control 

Plant 
height 

Shoot 
biomass 

Grain 
yield 

5th 1.7 6.0 59.3 77.6 99.0 
6th 2.8 8.1 53.9 72.4 96.9 
7th 3.9 18.1 48.5 64.0 94.9 
8th 4.1 31.6 35.5 50.7 92.1 
9th 3.4 43.6 33.3 38.4 82.1 

10th 2.0 38.0 20.6 23.7 83.4 
11th 1.1 53.1 14.8 6.7 82.1 

CD (5%) 1.3**  9.1** - - - 
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take place on any leaf starting from 4th to 11th leaf. Symptom expression 
frequency (SEF) increases from 4th to 7th leaf, reaches peak on 7th or on 8th leaf 
and thereafter gradually decreased on subsequent upper leaves. Symptom 
expression rate per day per unit land area was negligible before 26 and after 75 
days after emergence (DAE) irrespective of sowing time of the crop. Plant growth 
stages between 36 to 65 DAE have been identified as highly susceptible for the 
development of chlorotic stripe virus in rabi sorghum (Fig ) (Das and Prabhakar, 
2000b). 

   

Fig. 1. Symptoms of MStV-S on sorghum. (a)chlorotic stripes on leaves, (b) Infected plants 
of different stages. Note early infected plant without earhead (arrow) and (c) Deformed 
earhead on infected plant. 

Maize mosaic virus (MMV-S) 

A viral disease of sorghum characterized by fine discontinuous chlorotic streaks 
between the veins was first observed on sorghum in peninsular India during 1988 
(Naidu et al., 1989). In immuno-double diffusion tests, the virus reacted positively 
with antisera to MMV from Reunion (MMV-RN) and Hawaii (MMV-HI), and was 
designated as MMV-S isolate. The symptoms are characterized by fine 
discontinuous chlorotic streaks between veins on leaf (Fig. 2a&b). The lesions 
become necrotic as the disease progress. Infected plants become stunted in 
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growth with short internodes. Early infected plant dies sooner or later without 
emergence of earhead. Plants infected at later stages may develop earhead with 
or without grain. It should be noted that there is chance of multiple virus infection 
in a plant under natural field conditions. This chance increases when a single 
vector is able to transmit more than one virus (e.g., P. maidis can transmit both 
MStV and MMV). In such case the symptoms will vary accordingly creating more 
confusion at field level identification. 

 

 
 

Fig. 2. Symptoms of maize mosaic virus on sorghum. 

Red stripe disease (SRSD) 

One of the earliest reports of the occurrence of red stripe disease on sorghum in 
India was from Maharashtra (Mali and Garud, 1977). A potyvirus naturally infecting 
sorghum grown in the proximity of sugarcane in Maharashtra was termed as 
sugarcane mosaic virus-Jg (SCMV-Jg) (Garud and Mali, 1985). Later the virus has 
been named as sorghum red stripe virus-Indian isolate (SRSV-Ind) (Mali and Garud, 
1994). The disease is characterized by systemic symptoms of mosaic followed by 
necrotic red stripe and temperature dependent red leaf and general necrosis in 
sorghum (Fig. 3a&b). Recently there was an outbreak of red stripe disease in 
Solapur and adjoining regions in Maharashtra. SRSV was related to potyvirus SCMV 

b

 

a
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(Mali, 1995) but was distinct from MDMV-A, MDMV-B and SrMV (Mali and Thakur, 
1999).  

 
 
Fig. 3. Severe red stripe symptoms on rabi sorghum during rabi 2011. (a) red 
stripe on leaf at early stage and (b) leaf necrosis during later stage. 

Virus transmission 

Plant viruses are unable to pass through the cuticle of the host plant and establish 
infection by their own process. In nature, the entry of viruses into the host tissues 
is achieved in a number of different ways. Virus transmission is a process by which 
it spreads from one plant to another. The MStV-S and MMV-S are transmitted by 
insect vector Peregrinus maidis, the delphacid plant hopper on sorghum. P. maidis 
is known as shoot bug and is also a major pest on sorghum in India (Chellaiah and 
Basheer, 1965). Shoot bug sucks sap from the leaves, leaf sheaths and stem during 
exploratory feeding and in the process transmit virus from healthy to diseased 
plants. Figure 4 shows a colony of P. maidis with different stages of the vector on 
the sorghum leaf. The effective transmission of MStV-S depends on availability of 
inoculum, insect vector, susceptible host and favourable environmental 
conditions. P. maidis requires feeding on the infected plant for at least four hours 
to acquire the virus. After the virus is acquired, the vector needs another 8-22 days 
to be ready for infection of other plant. The vector requires a minimum of 1 hour 
feeding to transmit the virus in a plant. A viruliferous vector retains the virus until 

a b 
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its death and transmits it from one generation to another through eggs (Nault and 
Gordon, 1988). The virus multiplies in the vector and is transmitted in a persistent 
manner. The transmission efficiency of the vector is 42% with a single viruliferous 
vector and is 100% when a group of five viruliferous vectors are used to inoculate 
seedlings (Narayana and Muniyappa, 1996). The nymphs and macropterous 
females are more efficient transmitters of MStV and MMV than the males. Neither 
of these two viruses (MStV-S and MMV-S) is transmitted by seed or mechanically 
by plant sap. SCMV and MDMV infecting sorghum may be transmitted 
mechanically by plant sap and by various aphids in non-persistent manner. Low 
incidence of seed transmission of MDMV has been reported in maize (Shephard 
and Holderman, 1965), but no such report is available on sorghum. 

    

 
Fig. 4. (a) different stages of the insect vector P. maidis, (b) long-winged (macropterous) 
and short-winged (brachypterous) form and (c) adult. 

Diagnosis of virus  

Field level diagnosis of a viral disease is mainly based on chlorotic symptoms on 
leaf which is often confusing due to similarity of symptoms expressed by other 
viruses or other diseases such as downy mildew. Some of the symptoms of 
nutrient deficiency in sorghum also resemble the symptoms of virus diseases. 
Therefore, symptoms diagnosis should be confirmed by other techniques. A series 
of diagnostic tests such as transmissibility, host range, reaction on indicator hosts, 

b c a 
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virus-vector relation, physico-chemical properties, cytopathological and 
immunological studies are performed traditionally for detection and identification 
of plant viruses. Of late, microscopic, serological (with monoclonal antibody) and 
molecular studies got more attention than the traditional methods. Accurate 
diagnosis is important to know the real cause of the disease and for formulation of 
control measures. 

Serology  
Serological techniques especially enzyme linked immunosorbent assay (ELISA) play 
important role for diagnosis of plant viruses. They are routinely used for detection 
and identification of many viruses. The isolate infecting sorghum was serologically 
related to MStV isolates from Florida, Reunion and Venezuela and was named as 
MStV-Sorg (MStV-S) to distinguish it from MStV which readily infects maize. 
Penicillinase-based ELISA (PNC-ELISA) and penicillinase based direct antigen-coated 
ELISA (DAC-ELISA) was used for detection of virus in different parts of sorghum 
plant including seed, weed hosts, and in insect vector involved in transmission of 
the disease (Narayana and Muniyappa, 2003).   
 

Advantages  

• Early diagnosis of viruses and their strains. 
• For disease survey, incidence and distributions of viruses. 
• Detection of virus in insect vectors. 
• To study the host ranges (cultivated crops, weeds and grasses) and other 

epidemiological aspects. 
• Distribution of virus in various parts of the plants. 
• Detection of virus in seeds which is of quarantine importance. 

 

Cytopathology  

Cytopathology sometimes provides important information on diagnosis of plant 
viruses. Infection of virus in plant tissue often results in formation of various types 
of inclusion bodies which are characteristics of individual viruses and group of 
viruses. These inclusion bodies can be seen with light microscope (in epidermal 
stripe) as well as with electron microscope (in ultra-thin section). MStV produce 
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needle-shaped crystals that can be found in abundance by phase-contrast light 
microscopy in sap from symptomatic 

leaf areas (Fig 6). The crystals are similar to 
crystals of MStV noncapsid protein in 
appearance and have differential solubility. 
The crystals can be found readily in naturally 
and experimentally MStV-infected maize 
plants with a wide range of gross symptom 
types and throughout disease development, 
but not in maize infected by other maize 
viruses, or mycoplasmas, or in maize with 
sorghum downy mildew (Bradfute and Tsai, 

1990).  

 

Molecular approaches 
Molecular approaches particularly DNA and RNA based techniques like DNA-
hybridization, PCR and RT-PCR are of immense importance for identification plant 
viruses and establishing relationship between viruses from different geographic 
locations. MStV has fragmented genome with 5 ssRNA. Among the five ssRNA 
fragments of MStV-Fl (Florida isolate), the complete sequences of the four smaller 
ssRNAs are reported [5]. Sequence data revealed that there is high genetic identity 
between RNA 3 segments of an old world isolate and a new world isolate of MStV. 
Total RNA and dsRNA were used as template for amplification by RT-PCR with a 23-
nucleotide primer 5’cccgggcggccgcacacaaagtc3’. The 10 underlined bases are 
homologous to the complementary and conserved 5’ and 3’ termini of all 
tenuivirus RNAs analysed so far (Mahmoud et al., 2007).  
 
However, little information is available on molecular characters of sorghum isolate 
of MStV from India. The virus particles are filamentous, less than 10 nm in width. 
The purified virus preparation contains only one polypeptide of 34 500 D. Eight 
species of nucleic acids, four ssRNA of 1.21, 0.87, 0.73, 0.47 ± 106 D and four dsRNA 

Fig. 6. Phase-contrast photomicrograph 
showing needle-shaped crystal in MStV 
infected maize leaf. (Source: Bradfute and 
Tsai, 1990). 
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of 2.43, 1.69, 1.40, 0.71 ± 106 D, were extracted from purified virus preparations. 
When the four dsRNA were denatured, they migrated along with the four ssRNA 
species indicating that dsRNA contained duplex RNA of same molecular weight as 
the four ssRNA (Peterschmidtt et al., 1991). Characteristics of some viruses 
infecting sorghum and maize are illustrated in Table 3 and Figure 5. 
 

  
 
Fig 5. Electron micrograph of purified virions of maize stripe virus (a) and maize mosaic 
virus (b) (Source: Falk and Tsai, 1983). 

 
 
Table 3. Characteristics of major viruses infecting sorghum and related crops.  
 
Virus Group Shape Size (nm) Nucleic acid Genome structure 

MStV-S Tenuivirus Filamentous <10 ssRNA & dsRNA  Multipartite  
MStV Tenuivirus Filamentous <10 ssRNA& dsRNA Multipartite  

MMV Rhabdovirus Bacilliform 224x68 ssRNA Monopartite 
SCMV Potyvirus Flexuous rod 755-770 ssRNA Monopartite 
MDMV Potyvirus Flexuous rod 770 ssRNA Monopartite 

Epidemiology  

Epidemiology includes the study of factors affecting outbreak and spread of the 
disease. All the factors including virus, vector, environment and host, play crucial 
role in spread of virus diseases.  

a b 
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Insect vector  

Planthopper P. maidis is responsible for transmission of both MStV-S and MMV-S 
from weed host to sorghum and then among sorghum plants in the field. As the 
vector is able to carry the virus over generations it greatly helps in perpetuation of 
the virus and the disease. Among the P. maidis population in a crop showing 10 
per cent MStV-S incidence, the presence of virus can be detected in the vector in 
all the growth stages starting from 1st instar nymph to adult (Fig 7). There is strong 
relation between vector population and field incidence of MStV and MMV 
(Reynaud et al., 2009). As the vector population increases, the chances of spread 
of virus also increase (Fig 8). The nymphs and females are more efficient 
transmitters of virus than the males. 

Among cultivated crops, maize and sorghum are principal hosts. In addition, a wide 
range of commonly found grasses and grassy weeds from the families of 
Gramineae, Cyperaceae, Cannaceae, Commelinidae, and Sterculiaceae serve as 
spring, summer or overwintering principal, accidental, or alternate hosts for 
oviposition and feeding by P. maidis. Many wild warm-season grasses that serve as 
summer hosts may be colonized by macropters for feeding that complete 
development on spring hosts. Under natural conditions, P. maidis is generally 
observed on itchgrass (Rottboellia exaltata Lf.), where its active multiplication 
confirms a significant role as a host and also as a vector of maize mosaic and maize 
stripe viruses (Greber 1981). During the period of suitable host plant shortage, P. 
maidis oviposits indiscriminately on C. lachrymal-jobi, S. halepense, and sugarcane. 

In India, the seasonal fluctuations of P. maidis on sorghum was found during July-
December with a peak in September; July-March with a peak during August-
October in Madhya Pradesh; September-January with a population decline in 
February in Tamil Nadu; and June–October with a peak in August and decline in 
October in Andhra Pradesh. The prevalence of hot weather during March-June was 
unfavorable for P. maidis either due to absence of cultivated crops or by rendering 
inadequate nutrient supply in the alternate hosts/weeds (Singh and Seetharama, 
2008). 



12 
 

 
 

 

 

Environmental factors  

Environmental factors especially temperature and humidity are important for 
determining incidence of MStV-S and MMV-S. Temperature above 24 oC seems to 
be favorable for rapid buildup of vector population as well as the disease. MStV-S 
incidence is greatly reduced as sowing dates are shifted from August to October in 
Maharashtra. Field experiment consisting of ten rabi sorghum varieties (M35-1, 
CSV8R, CSV14R, Sel-3, Swati, SPV1359, SPV1375, SPV1155, ICSV2312 and SPV1215) 
and one hybrid (CSH15R) revealed that when sowing was delayed from 1st week 
of September to 1st or 3rd week of October there were considerable reduction of 
incidence (reduction was 45 and 61 per cent in 1998 and 37 and 67 per cent in 
1999). Correlation analysis revealed existence of significant positive relation 
between MStV-S incidence and weather parameters. In a season of higher rainfall 
MStV incidence also increased (Das and Raut, 2002) (Table 4). 

Weed hosts  

Weed hosts serve as site for perpetuation of virus and its transmitting vectors 
during off season and are important for survival and spread of virus. Johnsongrass 
(Sorghum helepense), one of the wild graminaceous hosts, serves as a perennial 

Fig. 7. MStV-S infection levels in 
field populations of P. maidis. 

Fig. 8. Relationship of P. maidis population 
with MStV and MMV incidence in maize 
(Adapted from Reynaud et al., 2009). 
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reservoir for both MStV-S and MMV-S and also for the vector. The disease 
monitoring results indicated that, 71 per cent of the 276 samples from 33 locations 
in 11 districts of Karnataka reacted positive to stripe virus in Penicillinase based 
ELISA test. Of the 11 cultivated, 36 fodder and 15 weed species tested, only wheat 
(Tritium aestivum) and Johnson grass expressed characteristic stripe virus 
symptoms (Table 5) (Narayana, 1993). Monocropping of sorghum and survival of 
vector on ratoon crop aggravate the infestation and spread of MStV. The 
successive sorghum crop over seasons influenced the increase of both disease 
incidence (1.6 to 13.9 %) and vector population (2.4 to 9.2/plant) respectively. 
After the harvest of rainy season sorghum crop, the virus infects ratoon sorghum 
or tillers coming out of left out stubbles in the field (Fig 9). It not only serves as 
source of primary inoculum for the next crop but also harbors the insect vector, 
which helps in spread of the disease for the rabi sorghum crop.   

 

Table 4. Effect of sowing dates and weather factors on incidence of MStV-s on sorghum.  

Sowing  
Dates 

1998 1999 
DI 
(%) 

Mean 
Temp 
(oC) 

Mean 
RH 
(%) 

Mean  
RF 
(mm) 

DI 
(%) 

Mean 
Temp 
(oC) 

Mean  
RH 
(%) 

Mean   
RF 
(mm) 

6th Aug 
21st Aug 
5th Sep 
20th Sep 
5th Oct 
20th Oct 

9.6 
6.4 
8.7 
4.7 
4.8 
3.4 

26.9 
26.6 
26.4 
26.5 
25.8 
24.9 

80.7 
81.0 
79.5 
76.1 
70.1 
65.4 

87.9 
92.2 
83.2 
52.8 
27.6 
   7.3 

3.6 
3.6 
3.0 
2.4 
1.9 
1.0 

26.8 
27.2 
26.6 
26.2 
25.1 
23.6 

70.0 
69.8 
68.2 
65.6 
61.2 
56.6 

14.9 
19.1 
18.7 
11.1 
10.2 
   1.8 

Correlation 
(r) with DI 

 
 

+0.76 +0.82* +0.84*  +0.97** +0.99** +0.92** 

 
DI= Disease incidence; RH= Relative humidity; RF= Rainfall. Significant at P=0.05 (*) and P=0.01 (**)  

Seeds do not play any role in spread of MStV-S. The seedlings raised from seeds 
collected from MStV-S infected plants did not express visible symptoms in grow 
out test and the virus was not detected by ELISA, indicating the absence of virus 
transmission through seeds. Previously unknown virus from indigenous/ wild hosts 
on which it produces little injury may become destructive when a new susceptible 
variety or hybrid is introduced in large areas. Thus, a comprehensive 
understanding of the biology, persistence, and distribution of insects, and of virus- 
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vector-host relationships is important in the development of disease management 
practices. 

  
 

Fig. 9:   Perpetuation of MStV-S on (a) ratoon sorghum and (b) 
Johnson grass. 

Disease cycle 

All the links required to fully understand the disease cycle for sorghum viruses are 
still not very clear. As per present understanding, weed host (e.g., Johnson grass) 
serves as a perennial reservoir and primary source for both MStV-S and MMV-S 
and also for the insect vector P. maidis. From the weed host virus is transmitted by 
insect vector to sorghum and then among sorghum plants in the field. This might 
be the reasons why boarder plants in a field show more MStV-S incidence than the 
interior plants. After the harvest of rainy season sorghum crop, the virus survives 
in ratoon sorghum or tillers coming out of left out stubbles. The stray crops serve 
as source of primary inoculum for the next crop (rabi sorghum). A schematic 
diagram of disease cycle of maize stripe virus on sorghum is given in figure 10. 

 

 

 

 

 

a a b 
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Table 5. Reactions of cultivated crop fodder and weed graminaceous hosts to MStV-S. 

Hosts ELISA +ve ELISA -ve 
Cultivated 
cereals 

Sorghum, 
Bijga yellow 
and Raj 1555 

Maize, Bajra, Rice, Wheat, Barley, Ragi, Sugarcane, Little Millet, 
Barnyard Millet, Kodo Millet and Navane 

Forages 
and 
grasses 

Johnson 
grass 

Blue panicum, BH-8,C0-1, Dhallis, Elephant grass, Green panicum, 
Guinea grass, Kamadenu nepier, Napier thin, Napier giant, Napier 
pusa, Para grass, Paspalum, Rhodes, Australian Ragi and Setaria. 

Weeds Johnson 
grass 
(Sorghum 
helepense) 

Bracharia ramose, Cyprus rotandus, Cynodon dactylon, Chloris 
barbata, Digitaria ciliaris, Dactyloctenium aegyptium, Echinochloa 
colona, Eleisine indica, Enteropogon monostachys, Erogrostis 
tenufolia, Panicum repens, Panicum maximum, Rhytelyctum repens 
and Thembda triandra. 

 

 

 
Fig. 10:   Schematic representation of disease cycle of MStV-S on sorghum. 
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Management 

Control through the use of resistant cultivars is probably the cheapest and most 
effective way of combating virus diseases. In addition to that, practice of clean 
cultivation like eradication of weed hosts, removal of ratoons, rouging of 
symptomatic plants, adjustment of sowing time when possible, avoidance of the 
vector and chemical control of vector are useful for management of virus diseases 
in sorghum.  

Host resistance 

Systematic resistance breeding programme for virus diseases in sorghum is not yet 
initiated. Hence most of the materials carry inherent susceptibility which is 
expressed when conditions become favorable for virus disease development. On 
evaluation of 194 entries using group seedlings inoculation method for artificial 
inoculation with viruliferous vector, none showed 0% infection and only 5 entries 
(IS 9600, Q 104, SPV 392 and ICSB 15) showed <10% infection to MStV-S (Table 6). 

 
Table 6. Reactions of sorghum genotype to MStV-S on artificial inoculation in glasshouse. 
               

 

However, there are variations in reaction to MStV-s among sorghum lines. Field 
incidence of MStV-S, under rainfed conditions, ranged from 0 to 24% among 318 
lines during 1997 and 0 to 22% among 248 lines during 1998. There were 130 lines 
that showed less than 2% disease incidence. When these lines were grown under 
irrigated conditions during 1999 disease incidence ranged from 4 to 30%. Six lines, 
namely NIC21222 (2.0), NIC21298 (2.0), IS40279 (2.0), IS19444 (2.0), IS40191 (2.0) 
and Exp-3/3 (2.0) recorded resistant reaction to MStV-S (Table 7) (Das and 

Sources No. of 
lines 

Genotypes in each range of susceptibility (%) 
0 0-10 11-20 21-30 31-40 41-50 >50 

Germplasm 28 0 0 3 3 3 4 15 
Breeding population 40 0 0 3 12 14 7 4 
Hybrids and varieties 56 0 0 3 7 14 11 21 
Other disease resistant lines 30 0 2 3 5 9 4 7 
Advanced varieties 40 0 1 7 13 7 7 5 
Total 194 0 3 19 40 47 33 52 
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Prabhakar, 2002a). Of 8 genotypes tested (168, CSH-1, CSH-6, CS-3541, IS-84, CK 60 
A, CSV-8R and M-35-1) one (168) was tolerant to SRSV. 

Table 7. Natural selection of rabi germplasm lines for resistance to MStV-S. 

Year No of 
entries 
tested 

Screening 
methods 

Disease Incidence (%) Selection 
criteria 

No. of 
entries 

selected Range Mean Checks 

1997 318 Natural 
field 
conditions 

0 - 24 6.9 10.1(M35-1) 
7.6(SPV1359) 
6.3(CSV14R) 
5.4(CSH15R)  

DI<50% 
of mean 

incidence 

57 

1998 248 Natural 
field 
conditions 

0 - 22 4.1 7.4(M35-1) 
8.9(SPV1359) 
5.8(CSV14R) 
3.3(CSH15R)  

DI<50% 
of mean 
incidence 

73 

DI = Disease Incidence 

Screening for resistance 

Developing simple, repeatable and efficient screening technique both for green 
house and field screening will help to identify stable resistant sources to virus 
diseases. In addition it is essential to identify the most susceptible stages of the 
host, maintenance of virus inoculum on susceptible hosts, mass multiplication of 
viruliferous insect vectors and developing disease assessment scales for successful 
screening for resistance to virus diseases. Group seedling inoculation method for 
green house screening for resistant to MStV is a simple and efficient technique 
that can develop 98% virus infection (Fig. 11).  A flow chart and steps involved for 
large scale green house screening for resistance is given in figure 12.  

I  Green house inoculation technique: 

1. Virus culture: The MStV-S culture is collected from naturally infected 
sorghum. Plant hoppers young nymphs are allowed to feed on virus infected 
leaves for 4 days and allowed for incubation for a week to get viruliferous 
insects. The seedlings at 3-4 leaf stages are covered in cages where it gets 
exposed to viruliferous insects for two day. The seedlings are then sprayed 
with insecticide (0.25% monocrotophos) to kill the insects. The seedlings 
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showing characteristic stripe symptoms are maintained in insect proof cages 
for further use. Presence of the desired virus in the infected seedlings is 
confirmed after testing against MStV-S antiserum using ELISA. 

2. Plant hoppers: Plant hopper colonies are collected from disease free plants 
from field using aspirator. After identification, the insects are allowed to feed 
on healthy plants in insect proof cages. Individual plant hoppers are allowed 
to feed on seedling at 4-5 leaf stage for 10 days. Adult insect from disease 
free seedlings are collected and maintained on 4-week old healthy sorghum 
plants for mass multiplication inside the insect proof cages. 

3. Mass rearing of viruliferous plant hoppers:  The 2nd and 3rd instar nymphs of 
P. maidis are collected from healthy colonies maintained in green house and 
allowed four days for acquisition of virus by confining the insects in leaf 
whorls of virus infected plants. After acquisition of virus the insect colonies 
are incubated for 10 days on healthy sorghum plants to get viruliferous 
insects. The viruliferous adults are used for inoculation of sorghum plants 
both in green house and field conditions. 

 

 

Fig. 11. Artificially inoculated sorghum plant showing symptoms of MStV-S. 

4. Group seedling inoculations: A group of 10-15 seedlings (2-leaf stage ) are 
raised in polythene bags and covered by using cylindrical plastic bottles 
(20cm long and 7.5cm diameter) with provision for aeration by covering the 
top open space with nylon mesh and a small whole on one side to release 
insects into the bottle. The seedlings are exposed to 20 viruliferous insects in 
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the ratio of 1:2 (seedling: insects) for 48 hours as inoculation access period 
with the insects being disturbed once in 24 hours and then sprayed with 
insecticide to kill the insects and the seedlings are maintained in insect free 
green house for expression of disease symptoms. The disease is recorded as 
per cent disease after four weeks of inoculation. 

  

II. Field screening technique:  

1. Sorghum genotype highly susceptible to maize stripe virus is planted in field 
as infector row after every five blank rows. 

2. Each seedling at 3-4 leaf stages under field conditions are infested with two 
viruliferous plant hoppers per plant in leaf whorls. 

3. The test materials are planted in the following day in five consecutive rows in 
between two infector rows. 

4. The viruliferous insects placed in whorls inoculate the virus to plants in 
infector rows and also multiply and the subsequent generations of insects 
from infected plants move to young seedlings to feed and at the same time 
inoculate the virus to fresh young seedlings. 

5. The observations on number of plants showing disease symptoms over total 
plants expressed as per cent disease. 

 

Sources of resistance 
Sorghum lines IS 9600, Q 104, SPV 392 and ICSB 15 were found tolerant to 
MStV-S (<10% infection) in glasshouse screening and NIC21222, NIC21298, 
IS40279, IS19444, IS40191 and Exp-3/3 in natural screening. The line 168 was 
tolerant to SRSV. No such information is available on MMV-S resistance.    
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Fig. 12. Flow chart showing steps involved in green house screening for resistance 
to MStV-S using P. maidis. 

 Vector management  

In India there are fluctuations of P. maidis population during different time period 
and in different locations. In Andhra Pradesh and Maharashtra population reach 
peak during August and decline in October. Therefore, sowing of rabi crop during 
September should be avoided to save the crop from exposing to high vector 
population and the resultant viral diseases. Disease incidence is greatly reduced as 
sowing dates are shifted from August to October (Das and Raut, 2002).  

Chemical control of vector that transmit virus in persistent manner is often 
effective to reduce disease incidence. As P. maidis requires many hours or even 
days to acquire and transmit the virus, systemic insecticidal spary can be a very 
effective control measure. Spraying metasystox 35EC or methyl-S-demeton 35EC @ 
5 ml/ 10L water at 15 days interval starting from 20 DAE controls vector and spread 
of the disease.  Application of carbofuran 3G @ 8 kg/ ha inside the leaf whorls can 
also be done when the crop is at vegetative stage.  
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Future studies 

There is lack of information on molecular characters and disease dynamics caused 
by MStV-S across locations and genotypes in Indian sub-continent. Though it is 
reported that MStV-S that readily infects sorghum differs from MStV on maize, the 
reasons are not clear. Efficient and ready-to-use diagnostic tool for MStV-S are yet 
to be developed. Such tool will be useful for detection of the virus at early stage of 
infection and for management of the disease. Histopathological studies of 
symptomatic leaf give much information on type and nature of inclusion body for 
identification of virus. Such information is available for MStV but not for MStV-S. 
For sorghum host plant resistance is the best method for management of the virus 
diseases. Systematic and regular breeding programme for identification of sources 
of resistance is not in place. There is lack of sufficient information on nature, 
mechanism, and sources of genetic resistance against the virus which is having a 
potential threat to sorghum production for grain and stover quality. Renewed 
emphasis is required to reduce the knowledge gaps and to minimize losses due to 
viral diseases.  
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