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liT A Research Guide 53 

Virus diseases 
of cowpea 
in Africa 

Objectives. This guide is intended to en able you to: 
• 

• di scuss the importance of cowpea viruses and virus 
resea rch; 

• describe importance, distribution, symptoms, 
transmission , and biochemical nature of viruses 
affecting cowpea in Africa; 

• sepa rate and identifY cowpea viruses; 
• recommend methods for control of cowpea virus 

diseases . 

Study materials 

• S lides of viruses and virus symptoms. 
• Cowpea plants with virus symptoms. 
• Virus vectors. 

Practicals 

• Identify and evaluate virus diseases in cowpea 
fi e lds . 

• IdentifY virus vectors . 
• Conduct serological methods. 
• Practice virus identification and separation 

according to section 10. 
• Rogue diseased plants in a cowpea field . 
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Questions 

1 What is presently the most effective method for 
control of cowpea virus diseases in Africa? 

2 How many viruses are separated on cowpea world-
wide and Africa? 

3 What are the symptoms of CYM\'? 
4 How is CYMV transmitted? 
5 What is the biochemical nature of CYMV? 
6 What are the symptoms of the 'African brain' of 

CABMV? 
7 What is the relationship between CABMV and 

BICMV? 
8 What is the geographical distribution of CABMVI 

BICMV? 
9 How can you differentiate CMeV from CYMV? 

10 What are the symptoms of CUMV? 
11 To what plants has SBMV been transmitted? 
12 How is CGMV transmitted? 
13 To what crops can CMMV be a threat? 
14 What is the importance of SHMV? 
15 How are cowpea viruses identified? 
16 What simple methods are available for identifying 

viruses? 
18 What measure may control of cowpea virus involve? 
19 Why is the use of insecticides to prevent virus trans­

mission only partially successfully? 
:!l What is the best single method for control? 
21 What measures should be considered for profitable 

cultivation of cowpea? 
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I Cowpea vinases 
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3 Cowpea Ilphid·bome mosaic potyvinls (CAbMV)1 

Blackeye cowpea mosaic virus (BICMV) 
4 Cowpea mottle virus (CMeV) 
5 Cucumber mosaic cucumovirus (CuMV) 
6 Southern bean mosaic sobemovirus - cowpea 

strain (SBMV) 
7 Cowpea golden mosaic virus (CGMV) 
8 Cowpea mild mottle carlavirus 
9 Sunn·hemp mosaic tobamovirus (SHMV) 

10 Identification and separation of cowpea vinases 
11 Control of cowpea virus diseases 
12 Bibliography 
13 Suggestions for trainers 

Abstract. Eight vi ru ses are reported from cowpeas in 
Africa . Cowpea viruses are described from lowland, 
humid and sub·humid West Africa, as well as from 
mid· a ltitude ecological zones mainly found in eastern 
and southern Africa. Wherever facilities are limited 
and detailed characterization is not possible, a simple 
procedure using a combination of serology (agar·gel 
diffusion test), inoculation to test plants, and vector 
transmission studies, is proposed for the identification 
of the cowpea viruses reported so far from Africa. The 
possibilities of controlling these viruses are brieny dis· 
cussed . 
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Cowpea (Vigna unguiculata), also called southern pea 
and black eye pea, is an important food and fodder 
legume in the sub-humid tropics of Mrica. It provides 
more than half the amount of plant protein in human 
diets in those a reas . 

In t he subsistence agriculture of tropical regions, grain 
legume yields are often low, mainly due to pests and 
di seases. Among numerous pathogens are several 
viruses known to infect cowpea. The effects of these 
viruses can be devastating and they are a major con­
straint to increased production. 

Host-plant resistance is currently the most effective 
method for con t rol of cowpea virus diseases in Africa . 
Thus, an adequate knowledge of the entire range of 
viruses, and their stra ins, occurring in the main 
cow pea-growing areas of Africa is a prer"quisite for 
effective control. 

Of more than 20 viruses reported on cowpea from differ­
ent ar eas of the world, eight are known to occur on cow­
pea in Mrica (Table 1). Some of these viruses are only 
of local importance, others occur occasionally and are 
of minor importance while some are widespread. 

Information on virus di seases of cowpea in many 
Mrican countries is still scanty. Details of symptoma­
tology, tran sm ission, geographical di stribution and 
properties of viruses as summarized here are based on 
surveys in various African countries as well as in­
depth characterization of viruses carried out over sev­
era l years at lITA. 
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It is hoped that this description of viruses in cowpea in 
Africa will stimulate more research that will lead to a 
better understanding of these and other viruses of cow­
pea in various countries. Moreover, this information 
will assist breeders in determining priorities in breed­
ing fOT resistance to the viruses_ 
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2 Cowpea yellow mosaic comovlrus (CYMV) 

The virus referred to as cowpea mosaic virus was orig­
inally described as cowpea yellow mosaic virus 
(CYMV), which explains our preference for the latter 
name. The virus has been described from both West 
and East Africa. The diverse symptoms produced by 
CYMV differ with cowpea variety and isolates of the 
virus considered. 

Systemic symptoms in susceptible varieties range from 
an inconspicuous, lightgreen mottle to a distinct yeUow 
mosaic, leaf distortion with significantly reduced 
growth, and premature death of the plant. Yield reduc­
tions from CYMV range from 60-100 %. 

Bock (1971) reported the susceptibility of pigeon-pea 
(Cajanus cajan), whlch is widely grown as a perennial 
crop in the coastal areas of Kenya and may serve as a 
reservoir of the virus . CYMV, or a very similar virus, 
has also been observed at a very low incidence on soy­
bean in Nigeria. 

CYMV is readily sap-transmissible and it is transmit­
ted by various beetle species. In Africa, the galerucid 
beetle Ootheca mutabilis (Chrysomelidae) has been re­
ported to be an efficient vector; Paraluperoides quater­
nus (Chrysomelidae) and Nematocerus acerbus (Cur­
culionidae) also transmit the virus. 

CYMV has been reported to be seed-borne in cowpea, 
although at low levels. However, recent studies at UTA, 
lbadan, using many seeds of different cowpea vari­
eties, have provided no evidence of seed transmission . 

CYMV has been reported from Nigeria, Kenya, Tanza­
nia, Togo, Mali, Gambia, Niger and Benin. The type 
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isolate ('S .B.') used for an early description of the virus 
was reportedly obtained from Surinam, South America, 
and there is an mconclusive report of CYMV in Cuba. 

CYMV is an RNA-containing virus, with isometric 
particles that are - 25 nm in diameter. Two kinds of 
nucleoprotein particles that are similar in size but dif­
fer in RNA content occur in infected plants . 'Top com­
ponent' particles void of RNA are also produced by most 
isolates. 

The RNA species in different particle types represent 
separate parts of the viral genome and the 'middle' (M) 
and 'bottom' (B) nucleoprotein components contain 
25 % and 36 % RNA, respectively. The separated nucle­
oprotein components are not infective, but mixtures of 
M and B components are infective. CYMV is the type 
member of the comovirus group. 
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3 

Cowpea aphid-borne mosaic virus (CAbMV) was first 
described from Italy. Symptoms due to infection by 
CAbMV include severe mosaic, with the severity depen­
dent on host cultivar and virus s train. Infected plants 
show dark green vein-banding, leaf distortion , bl iste r­
ing, and stunting. 

Symptoms of the isolate fust described from Italy - the 
so-called 'European strain' consist of a severe di stort­
ing mosaic in cowpea. An isolate"first described from 
Kenya which induces an irregular, angular broken 
mosaic, has been referred to as the 'African strai n '. 

Another isolate from East Africa described as the 
'African ve in -banding strain ' induces a' broad dark 
green vein-banding, A third African isolate, referred 
to as 'African mild strain', induces a very mild mottle 
with little or no effect on plant growth . 

81ackeye cowpea mosaic virus (BICMV) which is simi­
la r to CAbMV, was or iginally reported from Flor ida, 
USA. Systemic symptoms du e to BICMV are 'cvere 
mottling, di s tortion, ye ll owing , mosa ic, and ve in 
necrosis . CAbMV and B1CMV ar e serologically rela t­
ed, but not identical , and cowpea varieta l reactions to 
them differ. 

In a recent s tudy conducted in Australia , a t ryptic 
digest of the coat protein of CAbMV -Morocco was 
compared with those of the coat p rotein of BICMV. 
Amino acid sequence analysis of peptides accoun ting 
for more than half of the coat protein confirmed that 
CAbMV-Morocco was a distinct member. 

11 



Comparison of nucleotide sequence data of the coat 
protein genes of strains· of bean common mosaic virus 
(BCMV) and BICMV strongly suggests that BICMV is 
best regarded as a strain of BCMV as newly redefined . 

Yield losses of 15--87 % due to infection by CAbMV have 
been reported from Iran and the complete loss of an irri­
gated rowpea crop in northern Nigeria was tentatively 
attributed to CAbMV. 

However, there are strong indications that dual infec­
tion of CAbMV and cowpea golden mosaic virus proba­
bly caused the disease sYJllptoms described in the latter 
instance. 

CAbMV is readily transmitted by sap inoculation, and 
by aphids in a non-persistent manner . Aphis cracciuo­
rio, A. gossypii, A. spiraeco/a, A. medicoginis, Macro ­
siphum euph orbiae, Myzus persicoe, Rhopolosiphum 
maidis, and Cera/aphis palmae are reported as aphid 
vectors. CAbMV is seed-borne in cowpea, but seed 
transmission depends on the virus strain and cowpea 
cultivar. 

CAbMVfBlCMV has been reported from various coun­
tries in Africa: Kenya , Nigeria, Morocco, Tanzania, 
Uganda, Zambia, Egypt, Togo and Botswana. Because 
of its seed-borne nature, CAbMVfBlCMV probably has a 
world -wide distribution . 

In surveys throughout Nigeria, both CAbMV and 
BICMV have been found in all ecological zones. It is 
now considered to be the most widespread and impo'r­
tant virus disease of cowpea in Nigeria . CAbMV and 
BICMV are characterized by flexuous, filamentous par­
ticles, which are - 750 nm long. The virus belongs to 
the potyvirus group. 

12 



4 Cowpee mottle virus (cUeV) 

Although symptoms of CMeV in cowpea generally 
resemble those caused by CYMV, infection is often 
manifest as bright yellowing. In tolerant varieties, 
symptoms usually consist of mottling only. 

CMeV was first described from Nigeria and it was iso­
lated from bambarra groundnut (Vigna subterranea) 
and cowp'eas. Cowpea yield reductions of more than 
75 % have been reported from Nigeria, whereas 65 % 
reduction is estimated in Cote d'lvoire where it is con­
sidered a significant disease. 

CMeV is readily transmitted by sap inoculation. A 
chrysomelid beetle vector is Ootheca mutabilis SahIb., 
which acquires the virus within 10 minutes, transmits 
it within 1 hour, and remains infective for at least 
5 days. 

Another chrysomelid beetle (Medythia quaterna Fair­
maire) also transmits CMeV to cowpea, but less effi­
ciently than O. mutabilis . Recently, a new chrysome­
lid beetle vector, Monolepta tenuicornis Jacobi , has been 
reported from Cote d'lvoire. 

~obertson (1966) failed to detect seed transmission of 
CMeV through many thousands of seeds harvested from 
infected cowpea plants. By contrast, Shoyinka and oth­
ers (1978) recorded up to 10 % seed transmission from 
naturally infected cowpea and up to 7 % from artifi­
cially inoculated cowpea. 

Subsequent studies with five cowpea cultivars failed to 
detect a greater than 0.4 % seed transmission . Robert­
son (1966) reported 10 % seed transmission of CMeV for 
bambarra groundnut; but this has never been con­
firmed . 
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Geographically, within Nigeria, CMeV is most com­
monly found in the riverine area of the 'middle belt', 
which has a southern guinea savanna climate and is 
where most of the bambarra groundnut is grown . 
CMeV has recently a·lso been reported from Cote 
d'lvoire, Benin and Togo. 

CMeV particles are isometric and measure - 30 nm in 
diameter. They contain single-stranded RNA, which 
sediments as a single component. 

CMeV is distinct from other beetle-transmitted cowpea 
viruses, such as cowpea chlorotic mottle, cowpea yellow 
mosaic, cowpea severe mosaic, and southern bean 
mosaic viruses. CMe V is not yet assigned to a particu­
lar virus group, but may belong to the carmovirus 
group. 
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5 Cucumber _Ie cucumovlrus (CuMV) 

Diseases of cowpea caused by C uMV h ave bee n 
described from va rious countries. Syst emi c symptoms 
a re mild mottle, mosaic, a nd di s tortion , ofte n wit h 
cha racterist ic ringspots . A few variet ies deve lop severe 
mottl e, di s torti on , a nd cons ide ra ble redd is h ve in 
necrosis . Symptoms in most va rieties a re mild . 

CuMV h as been re ported to ca use yield r eductions of 
14 % in cowpea in the USA. The virus was first 
described on cowpeas in Niger ia by Robertson (1966). 

CuMV is s ap-tr a n smiss ibl e a nd is transmitted by 
a phids in a non-pers istent ma nner . The aph id vectors 
include: Aphis cracciuora , A. euony mi, A . (abae, A. 
gossypii. an d Myzus persicae . 

CuMV has a lso been shown to be Reed-born e a t h igh 
rates (up to a pproxima te ly 15 'if) in ma ny d iffe rent cow­
pea genotypes. 

CuMV h as iso metric pa rticles, - 28 nm in di a mete r , 
cont a ining s ingle-stra nd ed RNA wi th a tr ipa r tite 
genome. It belongs to th e cucumovi rus group . 
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8 Southern bean moule sobemovlrus - cowpea 
strain (SBIIY) 

Field occurrence of southern bean mosai c virus 
(SBMY) on cowpea bas been reported from th e USA, 
India, Ghana, Nigeria, Cote d'ivoi re, Senegal , Benin 
and Togo. 

Syst emic symptoms incl ude vein-clea rin g, followed by 
a mild to severe mottling or coa rse mosaic leaf pattern . 
SBMV is readily t.ransmilted by sap inocula tion . It has 
been transmitted to members of lhe Legu minosae fam­
ily only. The bean leaf beetle, Ce ra /om a trifu rcata 
Fors t (Fa m.: Chrysomelideael is an effi cient vector of 
SBMV. 

In laboratory studi es, SBMV was tra nsmitted by Ooth.· 
ca mu/abilis, which reta ined the virus for 13 days fol­
lowing 24 hours acquis ition feeding. 

SBMV was isometric pa rticles, 28-30 nm in dia meter , 
an ,I conta ins a si ngle-stra nded RNA. It is t he type­
member of the sobemovirus group. 
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7 Cowpu golden maleic"...... (COllY) 

In 1977 a so-called golden mosaic' disease was first 
discovered in cowpea grown at Onne, nea r Port Ha r­
"I1urt, in southeastern Nigeria. It was shown to be tran­
smissible only by the whitefly Bemisia tabaci and not by 
sap inoculation or through seed. Infected cowpea plants 
show bright yellow patches on their leaves and , in severe 
cases, the enLire lea f surface may turn bright yellow. 

There are descripti ons of s imilar diseases of cowpea that 
a re whitefly -trans mitted a nd not sap-transmissible 
from other countries in Africa, a nd elsewhere. These 
include 'cowpea yellow fl eck' from India and 'cowpea 
bright yellow mosai c' from Pa ki stan . 

A s imi lar disease has been reported in Kenya, Tanza­
nia , and Niger. A 'go lden mosa ic'-Iike disease has 
also been reported to occur in Mauritani a . Senega l. a nd 
Mozambique . 

Also, a whitefly-transmitted cowpea disease has been 
reported from Brazil. These diseases may all be caused 
by similar or identical vi ruses. 

So far, no information is available on the virus pa rticl es 
of a ny of these diseases . However . recently a gemi ­
nivirus was purified from plants infected with 'cowpea 
yellow fleck' from India followin g virus assays at each 
step in purification. This was done usi ng monoclo nal 
antibodies to African cassava mosai c virus (ACMV ) 
which can detect other whitefly trans mitted ge mi­
nivi ru ses . 

However, the cowpea golden mosaic-infected samples 
from Nigeria gave only a weak reaction, if at all, with 
monoclona l antibodies to ACMV specific to whitefly­
transmitted gemini vi r uses . 
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8 Cowpea mild motile carlavlrua 

Cowpea mild mottle virus (CMMV) was first reported 
from Ghana. It has subsequently been found in Nige­
ria, Togo and Cote d'ivoire from both cowpea and soy­
bean . 

Natura lly infected cowpea plants may exhibit a mild 
systemic mottl e but are mostly symptomless. On artifi­
cial inocul ati on, plants of susceptible cowpea cultivars 
may deve lop necrotic lesions on prima ry leaves and 
severe systemi c chloros is a nd nec rosis on trifoliate 
leaves. 

CMMV is cons idered to be a threat to the successful pro­
ducti on of other leguminous crops, s uch as groundnut 
(Arachis hypogea) , pigeonpea (Cajanus cajan), and 
Jack beans (Canaualia ensiformi s), all of which are at 
times intercropped with cowpeas in Ghana . 

CMMV isolates are transmitted by the whitefly , Bemis­
ia tabaci, either in a semi-persistent (soybean isolate) 
or in a non-persistent manner (peanut isolate). 

CMMV is reported to be seed-borne in cowpea, soybean , 
and French bean . Seed transmiss ion in cowpea and 
soybean was greater (90 %) than in French bean 05 %). 
However , recent studies at UTA have failed to detect 
any seed transmission of CMMV in seve ra l soybean 
genotypes tested . 

CMMV has stra ight to slightly fl ex uous, fragi le fil a ­
mentous pa rticles of - 650 nm long. It has been classi­
fi ed as a carlavirus . The virus is considered at !ITA to 
be of littl e sign ifi cance to cowpea as only very few cow­
pea genotypes are susceptible. 
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9 Sun. ...... -.np mosaic tobamovlrua (SHIIV) 

Cowpea diseases caused by tobamoviruses have been 
variously described in different countries. These in­
clude 'cowpea chlorotic spot', 'Catjang mosaic', 'nylon 
cowpea seed-borne mosaic' from India; 'cowpea mo­
saic' from the USA and legume or cowpea strain of to­
bacco mosaic (TMV-CS) from Nigeria. 

All have been reported to be caused by, or related to, the 
sunn-hemp mosaic virus (SHMV), which is a tobamov­
irus. 

SHMV usually causes only a systemic mosaic, vein 
yellowing and mild green mottle in cowpea. The virus 
is represented by rigid, rod-shaped particles, 300 om 
long and contains single-stranded RNA_ No vector 
has been reported. Recently, at UTA, SHMV was detect­
ed in the cover crop Mucuna pruriens var. utiJis. 

In one particular field plot almost all the plants were 
infected with the virus. So far , this virus has been 
detected only in very few field samples among several 
hund.reds of cowpea samples collected from all over 
Nigeria over several years. It is considered at UTA as 
a curiosity rather than a virus of potential importance to 
cowpea. 
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10 IdentHlcation and separation of cowpea vlru ... 

Cowpea viruses are identified by their intrinsic proper­
ties; the plants they infect and the symptoms they cause; 
the vectors which transmit them and the mode of trans­
mission; the size, structure, and composition of their par­
ticles as well as serological affinities . 

The sophisticated equipment and expertise required for 
advanced techniques of virus characterization are cur­
rently available and in general use in few laboratories in 
tropical Africa. 

However, based on the available knowledge of cowpea 
viruses in Mrica, even if facilities are inadequate for 
sophisticated studies, viruses may now be identified by 
using simple serological methods, for example, agar-gel 
diffusion tests, and inoculation to test plants (Figure 1). 
Vector transmission studies may be used to complement 
such tests. 

For example, if aphid transmission is successful, the 
virus is cowpea aphid-borne mosaic or cucumber mosaic 
virus or something entirely new. They can be distin­
guished by the fact that only CuMV infects Nicotiana 
glutinosa producing systemic symptoms. Similarly, 
only two viruses are whitefly-transmitted, and of these 
cowpea mild mottle virus is sap transmissible, whereas 
cowpea golden mosaic is not. 

The three beetle-transmitted virus can be easily identi­
fi ed by simple agar-gel diffusion tests using antisera 
obtainable from IITA. The only remaining virus is 
sunn-hemp mosaic virus which can be easily identified 
by inoculation to Nicotiana glutinosa where only necrotic 
local lesions are produced with no systemic infection. 
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Wherever vector transmission studies cannot be car­
ried out, a simple procedure is suggested for cowpea 
virus identification. Samples should first be used in 
agar-gel diffusion tests using antisera to the three 
beetle-transmitted spherical viruses . If negative , the 
samples should be inoculated to cowpea (preferably of a 
variety in which symptoms are observed), soybean 
(Glycine max), French bean (Phaseolus vulgaris), and 
N . glutinosa . 

CuMV and SHMV can be separated by the fact that 
SHMV causes local lesions on N . glutinosa; whereas 
CuMV produces systemic infection. CMMV may be 
identified if the virus being tested induces conspicuous 
symptoms in soybean and French bean. 

If cowpea only is infected, the virus is very likely to be 
CAbMV. However, CAbMV produces in most cases 
characteristic green vein-banding symptoms in cow­
pea which itself is quite diagnostic. If a sample does not 
infect any of the above listed hosts by sap inoculation, 
but the original symptoms are a characteristic golden 
or bright yellow mosaic, then it is likely to be CGMY. 
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11 Control of cowpea virus dlseasea 

Efforts to control virus diseases of cowpea may involve 
one or more measures intended to reduce sources of 
infection. This can be achieved by using virus-tested 
seed. Roguing diseased plants may also be effective. 

The use of insecticides to prevent virus transmission by 
insect vectors has only been partially successful be­
cause most insect vectors would normally have trans­
mitted the virus before they are killed by insecticides . 
Use of insecticides, however, may be considered not to 
represent a sustainable solution to control of virus dis­
eases . 

The best single control method is the use of resistant 
varieties. The first step towards developing such vari­
eties is large-scale screening and selection among 
germ plasm collections of the crop, followed by breeding 
new crop genotypes, where possible, that combinp. virus 
resistance with other useful traits. In general, how­
ever, no single measure can totally prevent the occur­
rence and spread of virus diseases. For profitable cul­
tivation all measures that can be feasibly integrated 
should be considered. 

Although eight viruses are reported from cowpeas in 
Africa, only two, viz . cowpea aphid-borne mosaic virus 
and cowpea yellow mosaic virus, are considered to be 
very important as far as geographical distribution, 
pathogenic variation and yield loss are concerned. 

Cowpea mottle, southern bean mosaic, cowpea golden 
mosaic and cucumber mosaic viruses seem to be of 
localized importance. Cowpea mild mottle and sunn­
hemp mosaic vi.ruses are currently not considered suf­
ficiently important to warrant attention in a breeding 
programme. 
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Through screening of potential breeding parents from 
the world germplasm collection of cowpea maintained 
at llTA, a number of accessions were identified which 
had either individual or combined resistances to sev­
eral viruses. UTA has already started distributing to 
various cooperating scientists in the national pro­
grammes multiple virus-resistant breeding lines . 

!ITA is also distributing a set of cowpea breeding lines 
which is more specifically designed to function as a 
'field-indicator' set of accessions. Whereas such 
accessions had been selected at llTA for their general 
resistance to viruses, their usefulness as 'field-indica­
tors' is described from selected susceptibility to certain 
viruses, or virus strains_ 

It is hoped that, with the active collaboration of national 
programme scientists, it will be possible to identify 
cowpea lines which are locally adapted and also show 
multiple virus resistance under their local conditions. 
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13 . SuggMtiona for trainers 

If you use this Research Guide in training .. . 

Generally: 

• Distribute handouts (i ncluding this Research 
Guide) to trainees one or several days before your 
presentation, or distribute them at the end of the pre­
sentation. 

• Do not distribute handouts at the beginning of a pre­
sentation, otherwise trainees will read instead of 
listen to you. 

• Ask trainees not to take notes, but to pay full atten­
tion to the training activity. Assure them that your 
handouts (and this Research Guide) contain all rel­
evant information. 

• Keep your training activities practical. Reduce the­
ory to the minimum that is necessary to understand 
the practical exercises. 

• Use the questions on page 4 (or a selection of ques­
tions) for examinations (quizzes, periodical tests, 
and so on). Allow consultation of handouts and 
books during examinations. 

• Promote interaction of trainees . Allow questions, 
but do not deviate from the subject. 

• Respect the time allotted . 



Specifically: 

• Discuss with trainees about experiences and prob­
lems of virus diseases of cowpea (10 minutes). 

• Present and discuss the content of this Research 
Guide, considering the study materials listed on 
page 3 (1 y,; hours). 

Have real samples, diseased plants and virus vec­
tors available for each trainee. 

• Conduct the practicals suggested on page 3 in groups 
(3-4 trainees per group; 2 hours). Make sure that 
each trainee has the opportunity to practice. Have 
resource persons available for each group and 
practical. 

Organize your practicals/demonstratioDs well. 
Keep trainees busy. Prevent trainees from scatter­
ing around the field. 

You may have to prepare several steps of virus 
identification methods in advance. Also, you may 
have to spread the practicals over several days. 
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