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INTRODUCTION

Peppers (Capsicun anpuum L. and Capsicwm frutescons L.)
were known since prehistoric times from burial sites at Ancon and

Huaca Prieta in Peru. The viahility of the seeds and the ease
with which they can be tramsparted assisted in its rapid spread

in the tropics and siwbtropics from the New World by Spanish and
Portuguese explorers (Purseglove, 1968). Its long histary of
cultivation led to the establishment of a large number of varieties
differing in habit, mode of growth and especially in the size,
shape, colow and purgermcy of the fruits (Purseglove, 1968.,
Phillips, 1973).

GaEicun annuum, an annual, is probably ibe ccre d&portafit of
the two species economically. The sweet peppers, which are
harvested in the wripe state to provide salad vegetables or in
the ripe state to prodwe mild condiments, belong to this species.
They are also stuffed with meat, used as flavouring or colowring
material and pimiento in cookery (Cobley, 1965). Capsicum
frutescerns on the other hand is a parennial plant often treated
as an anmual in cultivation but with a longer growing season than
C, apnuum, The fruits are generally smaller, about 7.5 to 10.0 em,
in length and are more purgent than O, annuum, 7The fruit i8 wed

in the manufacture of sawes, and cwry powders amd in the
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preparation of pickles, It also has great medicimal value.
Peppers are rich in vitamins A, C, and E. Comsumption

of pepper stimulates digestive orgams to produce an imreased flow
of saliva and gastric juices, The oil distilled from its fruit

is mld in taste and is wed in perfumery (Purseglove, 1968).

Widely grown, Capsicum spp. are called by different local
mames in Nigeria, such as Atal Yarubd, Ose(Igb9, Barkono Hausg,
It is a major vegetable and cash crop for many farmers in Nigeria,
particularly the narthern States. The Nigerian Trade Summary
shows that the country exparted a total of 700,038 kg of peppers

war th #27,86 in 1975 (Nigerien Trade Summary, 1975).

The most important area of pepper production in Nigeria is
around Funtua in Kaduma State. Its peppers are well known and
accepted intermatiomally. Barly wark on peppars in MNigeria was
carried out in the 1960's when collection of?l%?:al types wus
made. By 1974, the Horticultural Section of the Irstitute for
Agricultuwral Research, Ahmadu Bello University, Zaria began
iweatigatiors on the agronomy, breeding and selection of

cultivars
available local / aml the introduwetion of some promising exotic
lines. Disease problems of the crop have not been fully
investigated.

Many fungal and bacterial diseases have been reparted to

be associated with peppers all ovar the warld and some of them
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coms titute major coms traints to pepper prodwtion. Virus discases
devastating

are reparted to be even more / (Chupp and Sherf, 1960).

A nmber of viruses swh as tobacco mosaic virus, tobacco
etch virus, tobacco rattle virus, potato viruses X and ¥ and pepper
veinal mottle virus have been reparted from various parts of the
warld, to cause mottle ar mosaic on pepper (Anderson, 1959,
Mclsan, 1962., Cook and Amderson, 1959., Laird gt al., 1964.,
Steepy gt. al, 1967., Brunt and Kentea, 197t., Zitter, 1971, 1972
and 1973., De Wijs, 1973., Lockhart and Pischer, 1974., Lam gt. gl.,
1975., Kamra and Dubey, 1975., Villalon, 1975., Weirbaum and
Milbrath, 1976., Soh gt. al,, 1977). The above named viruses are
also reparted to cawse comiderable reduction in yields depermding
on the time of infection dwing the growing season (Soh, gt. al.,
1977., Zitter, 1972 and 1973). However, pepper veiml mottle
virus appears to be the majar virus on peppar throughout West
Africa. Brunt and Kenten (1971) warking in Ghama, ware the first
to describe this new virus which belongs to the potato virus Y
group. De Wijs (1973) described a virus on pepper in Ivory Coast
which was similar to the one described in Gham. Latar the same
virus was also reparted in Migeria (Lana gf, al., 1975).

Work on pepper viruses was imitiated in this labaratory in
1974 with a virus causing mottling symptoms on pepper. This has

been identified as pepper veinal mottle virus (PVMV).
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Studies on host range, plysical properties, tramsmission, serological

reactiom and electron mieroscopy revealed similarities to the

virus described elsewhere in West Africa. Thin sections fer
electron microscopy study, showed typical pin wheol inclusions
characteristic of the members of potato virus ¥ group. Howevar, the
virus had a very restricted host range. During regular field
surveys, it was noticed that the virus is present throughout
northern Nigeria and the imcidence of the disease was quite high.
Greenhouwse and field expariments conducted for 3 to 4 seasons,
corsistently indicated considerable loss in yield due to the virus

disease (Subbarayudu, unpublished).

Although the identity of the virus and the damage it can cause
to ' pepper crop was kmown, information on ofhor essential aspects
was meagre. Therefore, the need for a thorough unierstamding of
the distribution pattern of the virus in northern Hireria, the
presence of any other virus on pepper or straims of the same virus,
and the identification of any wild host(s) which nishit harbour the
virus, was strongly felt.

Although some aphid species were known to tramemit the virus in
a stylet-borne manner, it was thought useful to warlk out a detailed
vector-virus relationshipe Ultimately, it becawe very important
to screen far sowce of resistance to the diseasc from various

pepper cultivars that were introduced into the country.
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In arder to understamd the above problems, investigations were

therefar e carried out on the following sspects of the virus disease:

Vector-virus biological relationshipg
Screening far disease resistance,
Distribution of the virus disease in northern Nigeria, and

Survey for wild hosts that might harbowr the virus.






GENERAL £

Maty viruses cauwse modtle a mosaic symptoms on pepper.

These includei Tobacoo mosaic virus (MV) whieh malfarus the leaves,
valmee genaral stunting) Yeduetion in flowering and yield: The
virus partioles are rod-shaped and is serologically related to type
™V, Taremiseion is by map o contact but genarally not by inscots
(smith, 1972).

Graoia anl Peldman ({974) reported that tobacco streak virus
(TSV) oauses mosaic or nottling, slight leaf deformation, systemic
necrosis; dark green streaks on stems and pa‘l:iol: andvfometimes
terminal necrosis, The virus particles are isometric and measure
about 32.8 mm,

Peppar plants infected with tobacco etch virus (TEV) show
veln clearing, darkgreen veirbanrding, followed by mild mottle and
reduced size of terminal leaves. Infected fruite are roughened,
distorted ami develop chlarotic spots or streaks. The virus particles
are flaxuous rods measwring 705 to 730 mm in length (Mclean, 1962.,
Laird g%. gl., 1964., Weinbaum and Milbrath, 1976).

Tobacco rattle virus (V) has been reported by Kitajima and
Costa (1969 to infect pepper in Brazil. The virus is transmitted
by parasitic nematodes, Drichodorus spp. and the particle length
ranges from 188 to 197 m (Smith, 1972).

Potato virus X (PVX) cawee Ssevere necrosis of leaves and

stems and eventually defoliation of infected pepper plants.
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It is sap tramsmissible and occasiomally mechanical contamination by
grasshoppers may occur. The particle is a flexuow rod of about
515 mm lorg and 42 mmwide. (Walters, 1%2., laird gt. al., 1964.,
Steepy, gt. al., 1967).

Potato virus Y (PVY) is the most widely reported virus on
pepper. It gives rise to wosaic symptoms in infected plants which
then become stunted and develop fewer branches. The virus is
mechanically tramemitted by many aphid species, a mite (Tetranychus
gelariue), by sap and grafting. Its various strains are
serologically related. The particle i8 a flexuous rod of about 730 pg
in length and 15 mm wide (Cook, 1962., Schultz, 1963., Laird et. al.,
1964,, Lockhart and Fischer, 1 964., Villalen, 1975).

Cucumber mosaic virus (CMV) infected pepper plants become
curled along the midridb amd basal portion of the leaf is lighter
green than the tip. Leaves become mottled. Cenerally the plant is
stunted and leaves may become filiform. TMransmigsion is by sap amd
many aphid species. The particle is isometric and measures 28 to 30mm
in diameter. It has many serologically related straine
(Solymoey, 1959., Aillaud, 1971).

Chilli (C, frutesceps L.) mosaic virus causes typical mosaic
mottling symptoms on pepper. Puckering, blistering, and
wavy margirs of leaves result, followed occasionally by small
chlorotic ring spots. It is aphid and sap trammigasible and is
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widely distributed in India. The particles are rigid rods varying
from 102 to 399'm in lerngth (Nariani ani Sastry, 1962., Kamra am
Dubey, 1975).

Zitter (1975) reported pepper mottle virus, a member of the
PVY group to cause typical mottle gymptoms on pepper and general
stunting., It is sap and aphid transmissible. Purciful et, al. (1975)
working on the same virus observed that the particles were flexuous
rods of about 729 to 749 nm in length.

Pepper veinal mottle virus was first reparted by Brunt and
Kenten (1971) as & new member of the PVY group. Infected pepper
plants develop interveinal chlorosis and are often small and severely
distorted. It is trarsmitted by sap, grafting and many aphid species.
The particles are flexuous filaments about 750 am long.

(Brunt and Kenten, 1971., De Wijs, 1973., Lama gt. al., 1975).

Virus diseases of peppers were reparted to be exceptionally
severe dwing the 1970-71 growing season in Flarida. Losses to
peppar growers in Palm Beach County alone were estimated to be close
to #2million. These viruses caused 100% infection of pepper plants
in commercial fields € weeks after the first diseased plants were
found and crop abandomments were also reparted in some areas due to
diseases caused by PVY ami TEV (zitter, 1972., 1975., Zitter and Ceok,
1973).
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Pepper veinal mottle virus is widely distributed in West
Africa causing mottle on peppers. The first description of this
virus was made by Brunt aml Kenten (1971) from the eastarn region of

@ham. They described it as a distinct virus from the rest of the
viruses known to occwr on pepprer. Following this discovery cases of
PWV began to appear in other West African countries. De Wijs (1973)
isolated PWV from chillies (Cgpsicum frutescens) in Ivary Coast and
found it to be serologically related to onion yellow dwarf virus ard
Columbian Datwa virus. Although this virus was serologically related
to the Ghama isolate, some differences in host range were reported.
Lama gt. al. (1975) reported PWMV in the South Western part of Nigeria
but it was not traremitted to any solanaceous species other than
pepper when tested by mechanical inoculation, grafting, or by aphid
vectors,

A virus disease on pepper has been identified in Samaru as
pepper veinal mottle virus (PWMV) from the Studies made on its host
range, physical properties trarsmission, serological reactions and
electron microscopy (Subbarayudu, unpublished).

Maduewesi (1967) working in eastern Nigeria observed a mosaic
disease of pepper which infected only C. annuum var. Neopolitan,
Solanum pigrum and Nicotiama glutinosa on which it prodwed systemic
symptoms, However, no serological tests were carried out to identify

the virus,
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The most recent rcport of PVMV in West africa was made by
Ladipo and Roberts (1977) ot Ile-=Ife in the south-west of
Nigaria on tomcto. Unlike the one described by Lona ghe gle (1975)
it infected 13 Solanaceous specics, These are probably strains

of the sanme virus (FVMV).

CRITERIA FOR DIAGNOSIS

A number of criteria such as symptom:tology, host range,
varietal reactions, physical properties of crude extracts,
tronsmission and serology are employed in routine virus identifde
cation, Some of these criteria employed for the identification
of WMV are discussed here,

Syup tonatology.

Although different viruscs often produce similar symptoms
in the some host plant, symptomutology or host plant reactions of
severnl differcnt hosts are still useful in identification of
plant viruses (Bos, 1970).

Brunt and Kenten (197 ) observed that the leaves of pepper

infected with FVMV developed interveinal chlorosis followed by
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green veinbanding along the main veins, 'The lcaves were often
suall and severely distorted, Heovily infected plants were
premcturely defolinted and produced fewer and maller fruits than

healthy oncs, De VWiijs (1973) working in Ivory Coast reported no

differences in symptoms between the Ghana and the Ivory Coast
isolates of PVMV when they were scparately inoculated onto

C. frutescens "Ferkc" and G, annuum "Poivron doux d'amerique®,

The symptoms obscrved on pepper duc to PVMV by Lena et, al.
(1975) were similar to the Ghana isolate reported by Brunt and
Kenten (1974) except for the rugosity of the new foliage of the
Nigerion isolate, Soh et. al, (1977) working in Malaysia noted
the symptoms of PVMV on pepper., Essentially they were not

different from those reported in West ifrica,

Host range,
Host range is a list of the hosts of & paresite. The concept

is essential to understanding the role of additiomal hosts in the
perpetuction or establishment of a plant pathogens The host range
of a given virus is dependont on & number of factors including

environment, experimental conditions, host variety, virus strain and
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the concentration of the virus in the host at the time of harvest
for assay.

Brunt and Kenten (1971 ) reported that PVMV infected eleven
members of the Solanaceae and five species from three other
families, The infected Solanaceous plants included: Capsicum annuum
"Yolo Wonder", "Pimento" and Long Red", C. frutescens "Tobasco",,
Nicotiana clevelandii Gray., N. tobacum L. "Dutch A" and White
Burley",, N, rustica L., N. glutinosa L., N. megalosiphon Arg.,
Petunie hybrida Vilm,., Solanum capsicastrum L., and Hyoscyasus
niger Lo The other species from three families are Chenopodium
amaranticolor Coste and Reyn., C. guinoz Willd., C. murale L.,

L. gapitatum,, Telragonia expansa ond Amaranthus candatus L.
De Wijs (1973) observed & similiarity in the host range of

the Ivory Coost (FVMV - CI) and the Ghana (PVMV - Gh) isolates,

Lana et, al, (1975) working in Ibadan (Migeria) observed that apart
from Capsicum annuum cv., "Yolo Wonder" and C. frutescens, none of
the other thirty-nine herbaceous species and varieties in the
Annranthaceae, Chenopodiaceae, Cucurbitaceae, Leguminosae and
Solanaceae were infected, but the possibility of an alternate host
was not ruled out by them, On the other hand, the work of Ladipo and

Roberts (1977) pointed out a similiarity in the host range of the
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PWMV isolated from tomato at Ife-Ife (Migeria) with the Ghana isolate
repar ted by Brunt and Kenten (1971).
An isolate of PWV under study in this labaratory, could infect

only cultivare of C, annuum and C. frutescens but not any othar host

(subbarayudu, unpublished).

As discussed by Bos (1970), virus stability in sap depends upon
virus source, test plant, physical and chemical corditions of infective
sap as well as actual virus itself.

Physical properties are important in identification, but must
await development of satisfactory pwification techniques becauwse many
potyviruwses have similar dilution emdpoints (DEP) thermal imactivation
points (TIP) and longevities in vitro (LIV) (Afansiev and Merris, 1952).

The physical properties of PVMV described in various parts of
West Africa are tabulated below.

Researchers Physical properties
DEP P LIV
(og) (Deys)
1. Brunt and Kenten 107 to 104  55-60 7
2. lam gt. al. 1072 to 1074 62 3
3. Ladipo aml Roberts 10~ 4o 1074 55 5
4. Subbarayudu 1072 0 10~ 62-64 3
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Serology

Much of the potential usefulness of serology may depend upon
adequate purificution method which would enable the preparation of
highly=-specific antiserc and allow quantifying of antigen concentration
for serclogical tests, Serological reactions are highly specific and
sensitive, An appropriate serological test in conjuction with other
studies helps in identifying virus and virus strains. They are
used to distinguish elosely related viruses which appear identical by

all other available tests,

Brunt a nd Kenten (1974 ) made serlogical tests of PVMV in
precipitin tubes by mixing 1 ml of each suitably diluted antigen
and antiserum and incubating the mixture at 37°C for 6 hours but
failed to ge 2 positive result by agar double diffusion test., However,
the broken particles of PVMV showed positive reaction in agar double

diffusion tests,

De Wiijs (1973) used microprecipitin test successfully with PVMV,
Lane et al, (1975) had a positive result by both the tube precipitin,
and the agar double diffusion method (by breaking the virus

particles).
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Immunodiffusion tests with rod-shaped viruscas such us WY of ten
fail because the viruses are too long to diffuse readily into agor gels
(Ven Regenmortel, 1966., Wetter, 1965), To overcome this problem,
several rod-shaped viruses are chemically degraded into diffusible,
immuno-reactive components (Purcifull and Bhepharﬂ,1964). In recent
years, sodium dodecyl sulphate (SDS) and & variety of other degrading
agents have been used for this purpose (Gooding anc} Bing, 1970,
Purcifull et. al., 1973)s Sodium dodecyl sulphote (8DS) facilitates
dissociation of antigens and «dso helps to minimize problems with

non-specific precipitates,

VECTORS & EPIIEMIOLOGY

Wirus-vector biolopical relationships.
In general plant viruses are transmitted through plant material

and by vectors, among the vectors, insects are the most important,

The well-known insect vectors belong to the phytophagous species in

the orders: Hemiptera, Thysamoptera, Coleoptera and Ortheptera, The
suborder Homoptera (order Hemiptera) which includes aphids, leafhoppers,
whiteflies and mealybugs is the most important group having plant virus
vectaorses The numier of plant viruses transmitted by aphid is larger by
far than the nuuber transmitted by any cother comparable invertebrate
taxon, Kenedy et. al. (1962) listed 492 aphid species as vectors of

plant viruses,
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Barly investigators showed that some aphid vectors rapidly lose
their ability to transmit viruses as their feeding progresses while
others retain and trangmit the virus for many days ar frequently
throughout their entire life span (Watson, 1936., 1938., 1946., Watson
and Roberts, 1939). These led to the classification of aphid transmitted
viruges into two groups viz: Nompersistent aml persistent (Watson and
Roberts, 1939). Kenmnedy gt. al. (1962) introduced the terms stylet-
borne, circulative and propagative viruses in arder to describe the
location and route followed by the virus in the vector. Stylet-
borne viruses are usually non-persistent, carried on the stylet tip
and are transmitted mainly by aphids while circulative and propagative
viruses are of the persistent type. Both virus fypes are ingested,
absarbed, tramslocated and fimlly added to the salivary secretioms
and from here they are trammitted to plant tissues during feeding.
Propagative viruses in addition to being circulative can also wultiply
within the vector. Wwhere the virus-vector relationship is of a
persistent nature, there is a positive correlation between the duration
(up to a point) of both the acquisition and inoculation access periods
and the probability of viruws transmission.

Semipersistent viruses are traremitted in an intermediate manmner.
Efficiency of tramsmission is not affected by pre-acquisition starvation

or by long acquisition feeding.
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The non-persistent relationship is characterised by rapidity of
acquisition and transmission because the viruses uwsually occur in high
concentration in plants even in the epidermis (Bradley, 1964).

The inoculative capacity of the vectar declines rapidly with
feeding (Kassamis, 1941., Nariani and Sestry, 1962., Proesele and
Weidling, 1975) and further tramsmission will occwr only if the vector
is given another access to the virus source. The efficiency of the
vectors increases if they are allowed pre-acquisition festing (Watson,
1938., Bradley, 1953., Proesele and Weidling, 1975). Aphids as a rule,
tramemit virus most efficiently if they probe briefly and readily on
both the source and test plants, fasted aphids have the tendency to
make brief probes readily when returned to the plant (Bradley, 1961).
This seems to indicate that the process is pwrely a mechanical one.
Posteacquisition fasting on the othar hand decreases the ability of
the vector to tramsmit the virus (Neriami and Sastry, 1962). In serial
tramsfer of a single viruliferous aphid to healthy test plants, the
aphid can tramemit the virus to only one teat plant, thereafter the
viruliferous ability is lost. Both alate and apterous forms of aphids
are efficient in virus transmission (Nariami ard Sastry, 1962).
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Vectors
A number of aphid s8pecies are reporisd to transmit viruses that
cause mottle or mosaic symptoms on pepper,
Tobacco mosaic virus (MMV) was reparted to be trarsmitted by

Melanoplus differentialis - a large species of grasshopper
(Walters, 1952). Orlob (1963) reported that the potato fleabeetle,

Epitrix cucumeris was a wegk vector. The frammission of TV by
insects with P&ting and chewing mouthparts is purely by mechanical mears.

Tobacco rattle virus (TRV) is easily tramsmissible by mechanical

means. The vectars are parasitic nematodes, ITrichodorus spp.
(van Hoof, 1968).

Tobacco etch virus (TEV) is tramsmitted by several aphid species.
These include Mygus persicae, Aphis fabago, and Macrosiphum euphorbiae
(Kassanis, 1941,, Mclean, 1962., Laird and Dickson, 1963., i
Villalon, 1975).

Potato virwe X (PVX) was reported to be trammitted by grass-
hoppers (Walters, 1952) and the fungus, Synchytrium endobioticum
(Nienhaus and Stille, 1965).

The vectors of potato virus Y (PVY) are various species of aphids.
These include: Mygus persicae, Aphis gossypii, Macrosiphum solanifolli
M. pisi, A. spiraecola (Bradley, 1963., Bradley, 195ke,

Laird and Dickson, 1963., Lockhart and Fischer, 1974., Proeseler and

Weidling, 1975).



The aphids M, persicae, A £998ypil and A rumicis have been

reported by variouws workers as vectors of cucwumber mosaic virus (CMV),
(simons ,1955,, Simons, 1959., Castillomd Orleb,!966., Megahed and Pirone,
1966., Praslicka, 1967., Suguira, et. el. 1975).

Pepper mottle virus (PeMV) is traremitted by the green peach
aphid M, persicae (zitter, 1975).

Many species of aphid have been reported by various workers as
vectors of pepper veinal mottle virus. Brunt and Kenten (1971)
recorded transmission with M. pargsicae armd Aphis gossypii. De Wijs

(1973) recorded two additiomal aphid speciee these are jphis

spiraecola and Toxoptera gifricidws. Lam gt. al., (1975) reported
tramsmission by two more aphids —  Aphis craccivora aml an unidentified

dplds sp.
The tramsmission of these viruses by their various vectors were

in a non-persistent (stylet-borne) manner.

- Hos »

In the preserce of a suitable hogt some imect vectors of plant
viruses particularly aphids have an enarmous reproductive potential
by the standard of the class imnsecta., The vector reproduction amnd
population depends to a large extent on the mmbear of host plants on
which an insect-vector can spend unfavowrable periods., This has a

direct influence on the number available in the favourable season.



The condition of the aphid culture is affected by the condition of
the host, A young vigorous host produces active individuals whale
0old hosts produce stale colonies of aphids, The species and even
the variety of plant used as the virus source plent or the test
plant affects the frequency of virus transmission by the vector
(Matthews, 1970). Vectors mey prefer to feed and somctimes multiply
faster on ore variety of plant than another, and this may affect

virus spread (Broadbent, 1959).

Vector population and environmental factors,

Envirommental factors that influence insect population
(multiplication and development) include temperature, relative humidity,

photoperiodism, cataclysmic weather conditions, parasites and
predators (Carter, 1973)., Viruses spread fost under conditions
optimal for insect multiplication md activity (Broadbent, 1959).

Aphids produce polymorphic forms due to the ohanges in envirommental

factors (for exemple photoperiodism),.
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Cataclysmic weather conditioms such as hwrricanes, severe and
prolonged harmattan reduce the vector population so drastically that
their feeding damage may not have economic comsequence. Such an
event could bring vector population down to an extremely low level
ard could leave some viruses vectorless (Carter, 1973).

wind, temperatwre, light, rainfall and relative humidity affect
insect movement anl herce the virus spread (Carter, 1973). Aphids are
by mture not very long distame travellars because they have tender
wings. They lose their flight ability a few days after continows
flight becawme of autolysis of the flight muscles. They therefore
depend on wind for long distance migration and spread of plant viruses.

Insect vectors of plant viruses have been reported caught at
great heights, Far example Mygzus persicag were taken at a mean height
of 3,000 feet by airplane trapping (Glick, 1939).

The production of migrant aphids on their host is due to crowding,
deteriarating physiological condition of their host (for example water
stress) ar cessation of shoot growth of the host plant., The crowding
effect is enhanced by factors such as temparature and photoperiodism.,
Increasing amount of physical contact between the aphids provides &
stimulus for the farmation of alate (Swemson, 1968., Shaw, 1973).
Vector flights and infectivity are influerced by temperature. For
example aphids will not fly in darknese ar at temperatures below 13°C

and their infectivity imcreases with imcrease in temperature up to 29°C.

(mﬂﬂﬁ’ 1 9&)0
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Photoperiodism of flying aphids changes after a period of flight
guch that they are more attracted to green, yellow and orange light
than to ghort wavelengths, while very high relative humidity retards

flight activity drastically anmd vice versa,

)i 0 ion in relation to us 8

Broadbent (1950) found a positive correlation between potato-
leaf roll incidence and the mmber of alate M, persicae (its vector)
caught on sttcky traps. Dickson gt. al. (1966) reported a similar
result with flying aphid populations and the tristeza virus in southern
California citrus growes, Booker (1963), working in Molkwa, found a
correlation between the total number of A, graccivora - infested plants
during the growing period of groundnut and the nmumber of rosetted
plants. Peak mmbears of alate J, graccivora captwed in water-filled
yellow pans and on sticky traps corresponded closely with significant
increases in the number of peanut stunt virws-infected plants in North
Carolina (Bloch, 1971). Zitter o ?.u (1973) in their study with
pepper viruses showed an excellent correlation between M. persicae

aotivity ard virus spread.

8 us r 0 .
A virw that is stable both irmside and outside the plant and
which reaches a high comentration in tissues is more likely to swurvive
and spread than one which is highly urstable. Viruwses which kill their

host plants with a rapidly developing systemic disease are much less
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likely to swrvive than those which cause mild and moderate disease
that allows the host plant to swvive and reproduce effectively.
Also those that easily muiate to produce strains that cope effectively
with changes in the emviromnent are more able to survive and disperse.

A number of warkers have attempted to find resistamce to pepper
viruses. Resistame to virus diseases is generally thought of in
tarms of either immunity to infection ar ability to withstarmd the yield
reducing effects of infection. Where insect Bramsmission is involved,
however, resistance may be displayed in other ways.

and Anderson

Cook / (1959) reported P11 a variety of C. arnuum which is
resistant to strains of %-bacco mosaic virus, Tobacco etch virus and
Potato virus Y. Lloyd Gearge raspberries, a variety of raspberries
was found to be highly susceptible to both black raspberry necrosis
and rubus yellow - net viruses, but not to its primcipal vectar
Amphorophora agathranica Hottes, Marchoux et. al, (1965) werldng on
the reaction of pepper to some viruses prewalent in southern France
obseorved that susceptibility depends upon the virus, the variety, and
the stage of development of the host. Cook (1966) repcrted a bsll
pepper with resistance to PVY amd ™V, zittm“' O/lki(1973 ) reported
some tolerant peppar varieties to the peprer virus complex in south
Florida. Zitter gnd Ceok (1973 ) while testing a Bragillian cultivar
of C, annuum (Avelar) to potato virus Y found it tolerant. Alegbejo

(1974) warlkdng at IITA observed that screeming far virus resistance
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in pepper is better carried out wing sap rather than aphid inoculation.
Of the fourteen lines of pepper tested he established that three ware
tolerant to virus disease. Cook gt, al. (1976) tred Florida R-2,

a bell pepper with resistance to tobacco mosaic virus, tobacco eteh

virus and potato virus Y.

v ott us,

The role of weeds in the occwrrence and spread of plant virus
diseases i8 an integral part of virus tramsmission (Duffus, 1971).
Wild plants and weeds as well as cultivated plants may close
unfavourable gaps and thus contribute to epidemics of plant diseases
by bridging between seasons, between crops and between locations,
Thus continuity in both time and space is established (Dinoor, 1971).
Weeds are reservoirs of vectars, viruses, ar both (Duffus, 1971).
Wild plants are an unlimited source of viral diseases, (Chessin and Lesemamn,
1972). Many wild hosts are either symptomless ar show different
symptoms from those on cultivated plants.

Simons (1956 1957) noticed veinbanding virus of chilli, a strain
of PVY in south Florida was harboured by solanaceous weeds.
.l.nda'son“ Co htt1957) and Anderson (1959) reported that
Severe damage to chilli plants was associated with the proximity of
various weed hosts and they isolated a strain of PVY from Solanum
nigrup in Florida. Mariappan gt, al., (1973) reparted that Folamm
pigrum, a common weed found around Capsicum sp. harbours chilli mosaic
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virws, whitam (1974) working in Louisiama observed that eighteen

indggenows plant species (including Solamm pigrum) in the vicinity
of bell pepper fields were infected with one or more of the four

viruses TEV, PVY, (MV and tomate spotted wilt virus.
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In this chapter, the mterials and methods which were generally
used throughout the investigations regarding the maintemance of plant,
virus and vectar cultures and inoculation procedures are described.
However, specific variations in the techmiques employed in variows

experiments are given in the relevant chapters.

As far as possible, a high standard of sanitation of the
greenhouse, soll, pots and seedlings used for experiments was maintained
to prevent any possible contamimtion, Seeds were germim ted in wooden
trays filled with sterilized so0il (to which superphosphate was added)
becawse the soil could be contamimted by soil-borne viruses, bacteria,
fungi and nematodes. Three week 0ld seedlings were trangplanted
(at fow-leaf stage) into plastic pots contaiming a soil mixture of
soil, sand and peat moss (4 : 2 : 1). After we, the pots ware washed
and dried in the sun to remove soil-borne arganisms. The greenhouse
and all test plants ware routinely sprayed with memzon ar audugatox
following experimentation to prevent aphid build up. Before entering
the greenhouse, the sole of shoes were cleaned of soil mmterials.

The window openings of the greenhouse were covered with fine wire gauze
to exclude imsects.
top dressed with
Experimental plants were watared and/fertilizer whenever required
to prevent nutrient deficiency and water stress which might complicate

virus symptoms. All experimental plant materials were grown and



29
maintained under greenhouse conditions. A local variety of Capsicum
annuum 15962-2, known to be highly susceptible to pepper veimal mottle
virus vas used throughout the study except'  * otherwise stated.
Other species of plants used for host range s8tudies were also grown

similarly.

II. Aphid Collection, Maintemance and Tdentification
The hosts and the locatiors of collection and hosts for rearing

aphids are tabulated in table 1. Adult apterous aphids (from which
nymphs were later born parthenogenetically) were collected from their
various host plants, Bach species of aphid was collected from a
Bingle host to emsure homogeneity of individuals in each clone, so
that clone variation may not affect their level of virue transmission.
The aphids were collected from young vigorous colonies which provided
active individuals. The aphids were taken from plants yhich had not
yet noticeably suffered from the feeding injury of the aphids because
the tramnsmission of a few aphid-barne viruses is known to be affected
by the physiological condition of the plant on which the aphids were
reared (Swemson, 1968). Since aphide are frequently attacked by their
paragites, care was taken to get parasite-free colonies by rejecting
sick colonies whenever they were found. Bach clone was kept

isolated in insect-proof rectangular cages covered with fine wire

netting.
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The aphid host plants were replaced periodically with young
healthy ones so that the clones contimued to remain vigorous,

New colonies were started uwsing about fifteen viviparows adult aphids
(which were selected from the existing colonies) per plant. This
regular changing of host plants and inoculating them with vigorous
aphid individuals kept the colonies healthy and the population at a
satisfactory level without overcrowding.

The non~viruliferous aphid colonies were checked at regular
intervals far PWMV contamimtion by transfering some aphids of each
colony to healthy pepper plants., Only those aphid colonies that did
not produce symptoms on healthy pepper plants were used for
tramsmission atudies. The handling of individual aphids was done
with the help of the moistened tip of the camel's hair brush., The
lifting of the aphid was done by first touching it gently so that it
can withdraw ite stylet from the plant and lifting it from the rear
end. The alate forms of all species of aphids used were sent to

"The Commorwealth Imstitute of Entomology" in Britain for identification,

III. Maintemance of Virus Cultwre, Inoculum Preparation ang
u o) ce

The PWMV isolate used for vector-virwe biological relatiomship
was obtained from the already existing culture under study in this

laboratory., The source of all other isolates studied are reported in
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the relevant chapter. They were maintained by aphid transmission

at regular intervals, Mygus persicag was allowed to feed on virus
infected pepper plants amd tramsferred to healthy pepper test plants.
The resulting infected pepper plants were used as virus source plants,
During the cold-dry season germimtion and symptomn development were
stimulated by providing additiorml lighting (Plate 2).

For mechanical inoculation the following precautions were taken
agaimt contamim tion by other viruses. Mortars and pestles were
thoroughly washed with soap, rimed with tap water and dried before
sterilizing in a hot air oven at 1&)00 for about 90 to 100 minutes.
Pipettes, funnels, test tubes beakers and other glassware used were
first immersed in chromic acid sclution, rimsed and washed with soap
water. They were again rimsed and air dried. Glasswares were also
regularly sterilized in hot air oven at 160°C for % to 100 minutes.
Before and after each inoculatyer)  hands were thoroughly washed with
goap solution. Further contamimtion of clean hands through touching
door knobs and tap hamdles in the greenhouse was avoided. Minimal
handling and touching of experimental plants was done throughout this
study. Contact between plants infected with different isolates was
avoided by adequate spacing in the greenhouse. =xcept where otherwise
stated, all inocula were made by grinding infected leaves in a
sterilized mortar and diluted (1:1) with 0.01 M phosphate buffer pH 7.0,

The ground paterial was pressed through a piece of cheesecloth
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to remove plant materials, The tip of the finger or a piece of
cheosecloth was dipped periodicnlly in the imoculum .nd used in
apnlying it by gently rubbing all carborundum (600-mesh) dusted
loaves, The leaves were immediately rinsed with water and observed
regularly for virus symptoms. Young leaves showing typical

symptons were used as source of inoculum,

V. Statistical analysis.

Greenhouse @nd field data were analysed for statistical
significance using the 'F' ond least significant difference (1es.d.)
tests, The standard error of the means and transformed means
woere calculated, Means less than 10 were subjected to square root
transformation ( m_, where X = mean less than 10) to make
them normal, One asterisk (*) represented significance at 5% level

while two asterisks (* *) represented significence at 47 level,

In some instances regression analyses were dore to detect the
type of correlation that existed between some variable factors.
These werc used to interprete experimental results and appropriate

inferences and deductions made from them,



II. VECTR-VIRUS BIOLOGICAL RELATLQNSHIPS,



Most common virus diseases of crops are spread by insects and
control of such insects by wsing a range of insecticides does not
always help in controlling virus diseases. An understanding of the
virw-vector relationships 48 very important before attempting
insecticidal application to control vectors and hence virus discases.

A detailed study of the imsect-virus relatiormships was carried out to:

1). determine whether the vector species reported by
earlier workers (Brunt et. al., 1971; Lam gt. al., 1975)
are also vectors of PWMV that are mrevalent in the

northern States of Nigeria,

2). identify other aphids species that might be potential
vectors of PVMV, and
3). determine the aphid-virus biological relatiomships

wing the most efficient aphid species.

The virus isolate used for this study had cnly pepper and
B. micrantha as its hosts.

MATERIALS, METHODS AND RESULTS
(a) Ability of various aphid species to iransmit PWMV,
Seven aphid species were tested to compare their ability to

transmit PVMV. A large number of aphids from each of healthy
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colonies of different species were collected separately and starved
in dry Petri dishesfor a periocd of 30 minutes., Later they were
allowed to feed on pepper plants showing typical symptoms of PWMV,
for 10 minutes. The feeding behaviowr of the aphids was carefully
observed and only those individwmls probing leaf tissues were wed
in the tests. Groups of six aphids were tramsferred immediately to
each healthy pepper test plant and were allowed to feed on them for
another 10 minutes. Six plants were wed for ecach test and each tesi:
was replicated four times. In all, 24 plants were employed for each
test. Plants were then smrayed with memazon and kept in the greenhouse
far obsgervations.

All the seven aphid species tested (Table 1), except
Rhopalosiphum meidis, were found to trarsmit PWMV (Tble 2). Two
aphid species Mygus persicae and Hysteroneuwra getariase showed higher
levels of trarsmission when compared with the othar five species
However, M. persicae appeared tc be the most efficient from the

analysis of raw (untransformed) data.

(b) Effect of vector mmbers on the tramsmission of PWMV.
Seven species of aphids were employed in this experiment.

The aphids were starved for one howr, given 10 minutes acquisition
feeding time (a.f.t.) and 10 minutes inoculation feeding time (i.f.t.).
Viruliferous apterous aphids in single as well a8 groups of 5, 10 and

20 were tested on single peppar plants to compare the efficiency of



their transmission in groups., Ten plants were used for each
of the tests and repeated four times., Corresponding controls

were maintained by allowing the aphids to feed on healthy

plants,

The results (Table 3) indicated that only M. persicae
and H. getarige oould transmit the virus in singles. The other

specics needed more than one aphid for transmission, R. maidis
could transmit the virus only in a group of at least ten,

In all respects, M, persicae transmitted the virus at a very

high level, The efficiency of transmission by all species tested
inoreased with the number of aphids used, There was a significant

difference at 1% level in the efficiency of the aphids and their
group means, The increase in the number of infected plants
did not increase proportionately with the number of viruliferous

a.phida.

(¢) Effect of preliminary fasting of M, persicae or the iransmission
of PVIWV,

Since M. persicae was found to be the most efficient vector
of PVMV, it was employed for the rest of the experinments, to

understand its biological relationships with the virus,



A large number of apterous aphids were allowed to starve for
periods of @, 1, 5, 15, 30 minutes, 1, 2, 6, 12 and 24 hours
before releasing them on to infected plants to acquire the virus.
Ten aphids were given a.f.t., of 10 minutes on infected plant and
10 minutes of i.f.t. on healthy test plant. Aphids which fed
on healthy pepper plants and transferred onto healthy test plants
similarly served as control.

Statistical amalysis of the results (Mble 4)
reveal that the prelimimary fasting of M, persicag had a significant
effect on the rate of PWMV trarsmission at 1 and 5 percent level.
Although the virus was tramgmitted to the extent of T percent
without any pre-acquisition fasting, the rate of trapsmission
increased with increase in fasting time up to 30 minutea. Starving

aphids beyond 30 minutes gradually reduced their efficiencye

(d) Bffect of acquisition feeding time on th nsmission of PWMV
A number of M, persicag aphid individuvals collected from

a healthy colony were allowed to starve in dry petri dishes for
30 minutes. CGroups of aphids were allowed o feed on diseased
pepper plants far periods of 15, 30 saconds, 1, 5, 15, 30

mimutes, 1, 12 and 24 howrs.



T™ble 1 t Aphid species wsed in transmission experiments
of pepper veinal mottle virus,
. iri Hogt of ¥ Location [ Rearing plant for l
" e Specific zmnme collection | o ! aphids. 4
]
Green peach HEIJ(’.'I. Faculty Pepper (Capsicum sp.)
aphid sulger plot
- Hys toroneupa Ipitiow | Wear Plant k}%&maﬁm
getarise geptivum | Pathology wheat
Section
Cotton aphid| gphis gossypil | Gossypium | Faoulty Eﬁ.mi.%sp.
Glover 8p. plot cotto
Bean aphid | {phis orageivora|! Arachis Mr. Rossel's u.%wmfa .
Eoch. hypogea cages. Groundnut
- -
- dphis fabag Solamum Kadave Solamm mlgrum
nigrum irrigation
scheme |
- p— |
'
Bhopalosiphun | Abelmoschus | Near I.A.R. ci eoguione.
- 8p. esculentus | green houses Olara) .
Com leaf thmm% Ponpigetum | I.A.R. Eﬂ%ﬂ.ﬂm ;m».hemﬂ- !
aphid maidis (Fite typhoidgs | irrigation Millet )
field.

L
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Ability of various aphid species ts transmit PVMV,

Number of infected plants

Aphid Mean (X) Transformed
mean
T 1T TI1 v
Mysus persicae L.00 5.00 .00 L.07 L.25 2.18
Hysteroneura

setariae LL.OO 3400 3.00 14.00 3.50 2.00
Aphis gossypii 3.00 3.00 L.00 2.00 3,00 1.86
cmﬁﬁ%ﬁ- 3.00 2,00 | 2,00 | 2.00 2,25 1,65
Aphis fabae 2,00 3.00 | 1.00 | 2.00 2,00 1.56
&"—i&’%‘-im 1,00 | 1.00 [ 0.00 | 2.00 1,00 1.18
m‘°miggz hup 0.00 0.00 | 0.00 | 0.00 0,00 0.71
S. E, 0,48 *0.15
1sd. 0,94 0.31




Table 3:

Effect of numbers of viruliferous aphid species on the
transmission of PVMV,

Aphid species

Mean number of plants infected

J
tested Number of aphis per test plant S.E. | 1.s8.d.
s 5 10 20
by
M. persicae 2,75 6.00 T.75 8.50 6.10 | 0,19
i
H. setapiase 1,25 | 3.50| 6.50 | 7.50 | 0.10 |o0.21
A. goseypii 0,00 | 4.25| s5.00 | 6.00 | 6.073 [0.16
A. fabac 0,00 | 2,00f L4.00 | 6,00 | 0.12 [0.26
Y
A. graccivora 0,00 2.00 3.75 5.00 0.11 0.24
Rhopalogiphum sp. 0,00 0.25 1.75 3.25 *8.12 0,26
Bhopalosiphum A
natdta 0,00 0,00 1.25 2,25 0.10 0,18
Group mean 0.57 2,57 L.29 5.50
S.El 0.19
B i o
1lsd Ol37




Table L : Effect of Preliminary fasting of M, persicae on the
transmission of PVMV, .

ﬁpreliminary ——dlihex_of infected plants Mean (X) Transformed
festing 1 I x| 1v Bask
0 7.00 6,00 §.00 7.00 7.00 2.4
1 Min, 7,00 8,00 9,00 | 9,00 8.25 2.95
g n 10.00 9,00 B.OL | 9.00 9.00 3.10
15 n 10,00 10,00 | 10.00 | 10,00 10,00 3.24
30 " 10.00 10,00 } 10,00 | 10.00 10.00 3.2L
1 hr, 9,00 9,00 10,00 | 10,00 9.50 3.16
2 hrs, 9,00 9,00 8,00 { 8.00 8.50 2,00
€ » 5.00 6,00 6,00 | L.0O 5.25 2.39
12 ¢ 4,00 3.00 3.00 { 3.00 3.25 1.90
2y 2,00 2,00 2,00 | 2.00 2.00 1.58
§,E. 8.6l 0,12
lsd 0.92 6,17
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Immediately after such acquisition feeding periods, 10 aphids from
each grouwp were transferred to a healthy plant and allowed to feed
for another 10 minutes. Ten plants were used for each test and each
test was replicated four times.

The results (Teble 5) indicate that 15 seconds a.f.t. was
enough to transmit the virus. However, the efficiency of transmission
went up with increased periods of acquisition to a certain point.
Maximum percentage infections were obtained with 5 and 15 ainutes
of a.f.t. A rapid decline in the percentage of transmission was
noticed with longer a,.f.t. than 15 minutes. Analysis of
the data showed that a.f.t. had a significant effect on the

transmission rate at 1 per cent levels

Non-viruliferous M. persicae aphids from a healthy colony

were first allowed to starve for %0 minutes and were given an
acquisition feeding time of 15 minutes. Viruliferous aphids in
batches of 10 were tramsferred to each test plant and the feeding
time was artificially termimted after 15, 30 seconds; 1, 5, 15,
30 minutes; 1, 12, and 24 hours, Soon after carresponding
inoculation feeding times, the aphids were physically removed with
;/.%:rc.:p from test plants and plants were sprayed immediately with

menazon to kill any aphid that might have been left unremoved.
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Table 5: Effect of acquisition feeding time cn the transmission
of PVYMV,
Acquisition l?umber of infected plants  Mean (X) Transformed
fueding time ' mean
I II IIT IV
15 seconds 3.09 2,00 3.00 2,00 2.50 1.73
30‘ seconds S.DO 5.00 5.00 5.00 5.00 2-35
1 min. 8.00 7.N0 8.00 9.00 8.00 2.91
5 mins, 10,00 10,00 { 10.00 10.00 10,00 3.2
15 mins, 10,00 10,00 10.00 10,00 10,00 3.2,
30 mins, 8.00 9.00 T7.00 8,00 8.00 2,91
1 br, 4,00 5.00 L.00 L,00 L.25 2,18
12 hrs, 3.00 2,00 2.00 2,08 2.50 1.65
2l hrs, 2,00 2.00 2.00 2,00 2,00 1,58
S.E. 0.49 Q0,11
1led. 0.7 0.25




Table 6 :

4,

Effect of inoculation feeding time on the transmission

of PYMV,

. Inoculation Number of infected plants | Mean (X) Transformed
feeding time mean
T 11 II1 v
15 seconds 3,00} 2.00 3,00 4,00 3,00 1.86
30 ﬂeconds 3.00 h.OO 5-00 5-00 1#.50 2017
1 min, 7.00] 6,00 8.00 8.00 T.25 2.78
S mins. 8.09] 9.00 9.00 10.00 9.00 3.08
15 mins. 9.00] 9,00 10,00 10.00 9.50 3.16
30 mins. 1).00]| 10,00 10,00 12.00 10,00 3.2L
1 hr, 10,00} 10,00 10,00 10,00 12,00 3.24
12 hrs, 10.00{ 10,00 10,00 10.00 10,00 3.24
2L hrs, 10,00] 10,00 10,00 10,00 10,00 3.24
e 3
S.E. 0,62 0.13
1sd. 0,90 0.19
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Ten plants were ugsed for each i.f.t. test and the test was replicated
four times.

The data in table 6 indicate that viruliferous M. persicae
were capable of transmitting PMV to healthy pepper test plants
even after a short inoculation period of 15 seconds. From the raw
data, it appears that the percentage of infected plante increased
progressively with corresponding increase in the feeding period up
to 30 minutes at which point 100 percent transmission was recorded.
But the transformed data did not indicate any
statistically significant difference between 5 minutes i.f.t. and
thereafter. It appears therefare that 5 minutes of i.f.t. is
probably good enough to attain the highest level of tramsmission.

(f) Pearsistency of PWV in M. parsicae.

In arder to determine how long viruliferous aphids remain
infective without further access to a fresh infeetion sowrce, two

sets of oxperiments were conducted.

(i) Effect of post-acquisition fasting on the retention of PWMV
by M. persicag.

To find out how long PVMV could be retained by M. persicse,

firet healthy aphids were allowed to starve for 30 minutes and
given a 15 minutes acquisition feeding time on the virus source.
The viruliferous aphids were transferred into dry petri dishes for
post-acquisition fasting periods of 0, 15, 30 minutes; 1, 2, and

6 hours.
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Soon.:gtor each pariod of poste-acquisition fasting, 10 teat plants
werg/inoculated with 10 viruliferous aphids and allowed 45 minutes
of i.f.t. The test was conducted fouwr times.

The results (Mble 7) show clearly that viruliferous
aphids which were tramsfarred to test plants immediately after
acquisition, tramsmitted the virus to the extent of 100 percent.
But, there was a significant decline in the rate of tramsmission
when aphids were starved for variow periods after acquiring the
virw, However, the virus was retained up to 6 hours by few aphids.
Statistical amlysis of the data (Table 7) showed that poste
acquisition fasting had a sigmificant effect on the rate of

trarsmission of PVMV by M, persicae.

(11) Serial tramsfers of viruliferows aphids to healthy tost plants,
A number of M, persicae aphids were allowed to starve for

0 minutes and fed on infected plants for 10 minutes to acquire the
virws. Viruliferous aphids singly and in groupe of ten were
tramfarred in succession to a series of four healthy pepper plants
giving 5 minutes of inoculation feeding time on each plant. Such
series were conducted 10 times.

when 8ingle aphids were employed, only five tests gave
positive trarsmission out of 10. But the results (Mble 8) showed
that M. persicae in singles could tramsmit PWMV to only one plant in

the serios and not to the second plant in succession, indicating
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Table 7 ¢+ Effect pf post-acquisition fasting on the retention
of FVMV by M, persicae.

Pg:ab;ai;guizﬁign Number of infected plants Mean () | Pransformed
I I1 I1I Iv o
0 Min, 10:92 | 10.00 |10.00 | 10.00 10,00 3.31
15 Mins. T.00 7.00 6.00 8.00 7.00 2.74
30 " 6.00 | L4.00 | 5.00 5.00 5.00 2,34
1 hr, 5.00 | L.00 | 3.00 3.00 3.75 2,05
2 hrs, L.00 | 4.0 | 3.00 3.00 2,75 2.00
6 " 2.00 1.00 1.00 0.00 1.00 1,18
5.E, Bk 8.21
1sd 1.47 0.4
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Table 8 : Serial transfers of viruliferous aphids to healthy
test plants.
Serial number of plants
Rapatonten Single aphids Groups of 10 aphide

II e Iv I II III IV
1 - - - - - - -
2 - - - + + + +
3 - - - + - + -
4 - - - + + - -
5 - - - - - - -
6 - - - + + + -
T - + - + - - -
8 - - - - + + -

|

4
9 ~ - - l + - + -

i o

i

10 -— e —_ 1 e + — -
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that the aphid lost the virus after feeding on a single test plant
and wvas therefore no longer capable of infecting another one
without going back to the source of the virus.

However, a group of ten viruliferocws aphids, carried the virus
to the second test plant in succession at least in 9 tests out of
10. In two imstances the virus was carried in succession to the
fourth serial plant, indicating that the virus is retained by aphids

for 20 minutes.,

(e)

developmental forms of M. persicae.

Three developmental forms of M. persicae were chosen
(young and old rymphs and winged adults) to compare their relative
efficiencies in the traremission of PWV, Aphids in the three
developmental forme were collected separately and starved for %0
minutes. They were allowed.‘{:o feed on diseased plants for 415 minutes
to acquire the virus. Groups of ten viruliferous individuals were
transfarred to one test plant and ten plants were used in a test.
Bich test was conducted fouwr times. Separate tests were
sinultaneously conducted using young mymphs, old nymphs and winged
aphids, Tramsmission by winged aphids was conducted in cages
(Plate 1).

From Tble 9 it is clear that all the three aphid developmental

forms were capable of transmitting the virus, There was no



20

significant difference in the transmission rates betweon young and
old nyuwphs and similarly between old nymphs and winged aphids.

However, yourg nym phswero significantly more efficicnt than winged
aphidse



Table 9 ¢ Relative efficiency of transmissmion of PVMV by
varigus developmental forms of M, persicae.

Developmental Number of infected plants Mean (x) |Transformed
form of aphid mean
I 11 IT1 IV

Young nymphs 10,00 10,00 10,00 10,00 10.00 3.24

014 nymphs 9.00 8,00 9.00 | 10,00 9.00 3.08
Uinged adults 9.00 8.00 8-00 7.00 8-00 2-91

i
S.E. 0.67 0.11
1sd 1.53 0.26




PLATE 1,

The se¥~up eof FVMV transmission experiment with winged
(alate) aphids. The cage prevented them from
escaping, while the openings covered with netting
material fascilitated aeration, The aphids were

introduced through the corked opening.
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ILSCUSSION

Most virus diseases of crops are transmitted by imnsects and
the control of such insects by sprayingarange of insecticides does
not always help in controlling viruses. A number of viruses
(stylet-borne) are transmitted to healthy plants from diseased ones
before insecticides start acting on their vector(s). In such cases,
sprayirng imsecticides is a wasteful and an expensive exercise.
However, the spread of virus diseases could be effectively controlled
by spraying insecticides against their vectors if the viruses are
the circulative type. It is therefore, absolutely essential to know
how a virus is tramemitted by its vector(s) so that appropriate control
measure(s) can be designed.

watson (1938) and Watson and Roberts (1939, 1940) fourd that
viruses transmitted by aphids fall into two groups viz
"norpersis tent' and'persistent' on the basis of their survival time
in the aphid vector(s). Later on, by using more stable criteria
such as actual routes of virus trarsport in the vector and whether
or not the infectivity of the insect is lost following a moult,
the terminology was changed to externmal or stylet-borne and internal
or circulative viruses respectively. The terms stylet-~borne and
circulative proposed by Kennedy et. al., (1962)are more acceptable
today.
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The medn features of stylet-borne type of transmission are
that the virus can be picked up by aphid after a very short time of
feeling on a diseased plant and can transmit it immediately to one
or only a few healthy plants, Ability to transmit a virus is soon
lost, The efficiency of transmission is often increased by starving
the aphid before allowing it to feed on the virus source. Short
acquisition feeding time on infective plants are more effective than
long acquisition feeding time,

The studies made to determine the biological relationship of
PVMV and its aphid vector/vectors revealed that starving aphids
before they acquired the virus increased the efficiency of
transuission, prolonged feedin; on virus source plants decreased
their efficiency (Table 4). Viruliferous aphids inoculated the virus
to fresh plants within one minute, Purthermore, PVMV was not
retained by M, persicae for a long time and the virus was lost by
aphids soon after inoculation onto one plant without going fo the
second plant when single aphids were used (Table 8), The above
results indicated clearly that PVMV was transmitted in a stylet-
born manner,

When seven species of aphids were tested for the transmission of
PV, all were found to transuit the virus, Thus it was found that all

the 7 species used in this study are vectors of PVMV (Table 2 ). The result



indicated that PWMV has & low level of aphid specificity.

So far at least 2,7000 aphid species have been recorded in
literature, out of these only 242 have been tested for their ability
to tramsmit ome virus or the other. About 80% of aphid species tested
so far are vectors of viruses (Kemmedy gt. al., 1962). One can
therefore expect the mumber of aphid vectors to go up when all known
species are tested. Similarly, since PWMV showed a low level of
specificity, it is also expected that the list of its aphid vectors
would increase when more aphid species are tedted.

There were Bignificant differemces in the ability of the aphids
to trammit Pw Izr?.all respects, it appeared as if M. persicae
was the most efficient vector., M, persicag in singles could
trarsmit the virus whereas R, maidis could do so only in a group of
ten or more.

Studies on acquisition and inoculation of PWMV by M, persicae
indicated that starving aphids for various periode increased their
efficiency up to 30 minutes but a decline in transmission was
observed when they were starved beyond this perigwlflc%)ﬁsition
periods as shart as 15 - 60 geconds were enough for tramsmission,
although maximum level of transmission was obtained with 5 and 45
minutes of a.f.t. Longer feedings on virus source decreased
traremission ra !e;u.&?o)rt probes of 15 seconds by viruliferous aphids

was enough to inoculate the virus, indicating that theme was
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practically no incubation period. The virus was acquired within
a short time by the aphid and inoculated immediately to a fresh plant.

Classical work done by Watson (1938) with a stylet-borne virus
showed two main features. These are (1) starving aphids before
acquisition of the viruws increased the efficiency of transmission.
(11) Short probes on virus source gave better transmission than
long probes, Watson (1938) suggested that aphids produce a substance
while feeding which makes the virus non-infective. However, there
was no comclwsive evidence to support this theory.

Followirg the work of Watson (1938) several warkers showed
that aphids improved their efficiency of transmission several times
fold when they were starved before acquisition. Bradley (1964)
attributed this to the behaviowr of aphids which do not start
feeding for a while when they are foreibly removed from the plant
on which they were feeding. But when aphids are starved for a
reasorable time they start feeding immediately.

The present study showed that PVMV was acquired within 15
seconds of feeding on a virus source. Bradley (1961) and Swerson
and Welton (1966) tried to estimate the time needed for aphids to
probe tissues by their stylets, but it was not easy to observe the
imsertion and retreat of the stylets. Zettler and Willkinson (1966)
while working on probing behaviour of M. pergicae in the

trammmission of bean common mosaic virus came up with the view that



the short exploratory probee are important for stylet-borne
tramnission but long feeding probes are not. They showed that
single short probes by aphids were better for tramsmission.

Bawden gf. al. (1954) suggested that the reason why stylet-
borne viruses are picked up more readily after short probes may be
because such viruses ocewr in high comcentration in the epidermal
cells, However, Hitchbara, (1958)4, ~an Hoof, (1955 and MNamba,
(1962) aould not demonstrate the unequal distribution of the viruses
in the tissues.

Viruliferows M. persicag transmitted PVMV within 15 seconds
of inoculation feeding time. Such short inoculation period were
reported by several other warkers for non-persistent or stylet-borne
viruses. Increase in the rate of transmission was obtained with
increase in acquisition feeding time up to 5 minutes in this study
but a.f.t. longer than this pericd did not increase the transmission
rate. Bradley (1952) reported that the first probes longer than
15 « X seconds do not imcrease the probability of transmission,

Soon after acquisition, viruliferows }, persicae trammitted
PWMYV to healthy plante. This indicated that there was no incubation
period, Studies made to determine how long the virus is retained
by M. persicag, by (i) Starving the aphids after acquisition and
(ii1) by serially trarsferring the aphids to several pepper plants
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(Table 8) revealed that the tramsmission rate declined progressively
with increase in the period of post-acquisition fasting., The virus
was retained by few aphids for about 6 howrs, Similar results were
obtained by m-aalgﬂ?ﬁz) using M, persicae for transmitting potato
virus Y. The loss of infectivity was better gemonstraeted when
single viruliferouws aphids could not trarsmit PWV to two plants
consecutively. This further supparts the view that the virw is

s tylet-borne.

Bradley and Ganong (1955) and Sylvester and Richardson (1964)
falled to get trammission when the stylets of a vector carrying a
supposedly non-persistent virus was treated with formalin or
ultraviclet irradiation. This furthar supports the view that such
viruses are 8tylet-~borne.

During this study it was found that young nmymphs of
M. pegrgicae were significantly mare efficient than winged adults.
Paine and Lege (1953) and Orlob (1962) reported that variouws
developmental forms of an aphid differ in their efficiencies of
trarsmission probably because the different developmental forms are

adgpted to different seasors and different host plants.



I1J7. GSCHEENING FOR RESISTANCE TO PEPFIR VEINAL MOTTLE VIRUS
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DUCTI

The resistance or susceptibility of e host plant to a virus is
controlled by a single or many genes. Therefore the genetic make up
of a host plant of ten has a profound effect on the outcome of infection
by a given virus, There are several conditions such as immunity,
resistance, hypersensitivity and tolerance in the development of
infections, Among them resistance is probably the most common
phenomenon in host plants, There are fewer instances where tolerance
to virus infection were suecessfully used to control virus diseases
(Williams, personal cemmuni¢ation).

Further there are two aspects of host plant gemetics that are
important in the spread of virus diseases that are transmitted by
vectors, One is the registance of the host plant to the virus itself
and the other aspect is the resistance or unattractiveness of the host
plant to the insect vectors (Simons, unpublished), Although it is not
easy to evaluate which aspect is dominant under field conditions, it is
probably a combination of these two aspects of resistance that might
work better in controlling virus diseases and their spread., DBreeding
for resistance is importent for a given crop in a particular locality
against a partiocular virus, Therefore, the transfer of resistance gene

or genes int agriculturally satisfactory varieties is not easy.



Despite such difficulties, to-date breeding for resistance is the
most effective measure for controlling virus diseases, The first
step in breeding for resistance is the identification of source of
resistance either in wild or cultivated species of plants.

Results of experiment in the last chapter indicated that PVMV
is a non-persistent or stylet-borne virus, In general such viruses
are difficult to control by the use of insecticides which kill their
inseot vectors since the transmigsion of the virus could be effected

Broadbent, 1957)
by the vectors before they are killed/ It was therefore necessary
to look foar sources of resistence.

Efforts were made to screen a number of pepper varieties or
selections to identify the source of resistance to PVMV, Ixperiments
were conducted in the greenhouse by mechanical and aphid inoculation
and in the field by natural infection, Attempts were also made to
score the severity of PVMV symptoms on the varieties in the field.

A score card was developed to compare the severity of the syuptoms
between the varieties, Since all the aphid species tried in the
tranamission experiment in the greenhouse were found to be vectors of
PVMV, the relative prevalence of the various aphid species in the field
was estimated by trapping the alate aphids visiting a pepper field,
using yellow painted tray traps, svailable meteorological data was
used to discuss the influence of weather conditions on the prevalence

of aphid vectors and the spread of the disecase.
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Screening: of pepper varieties for resistance to FVMV:
I. the Greenhouse:

Seeds of thirty varietics of pepper were sown in the greenhouse
and transplanted into 15,24 cm diameter pots after 3 to 4 weeks at 4~leaf
stage, The seedlings were inoculated with PVMV by mechanical inocula-
tion and by aphids,

(&) Mechanical inoculation.

Standard extract of' diseased leaves was prepared by grinding
leaf' tissue in mortarfi.0 gn of leaf + 4 ml of 0,09 M phosphate buffer
at pH 7.09. Large particles of plant material were removed by
straining the jice throush cheesecloth, The extract was applied
gently on the upper surface of carborundum (600 mesh) dusted leaves,
dipping the cheesecloth periodically in the extract, The leaves
were then rinsed with distilled water and the plants kept in the
greenhouse for observations, 8Six plants were inoculated per variety
and six other uninoculated plants per variety were maintained as
controls, The experiment was replicated four times.

(b) Inoculation by aphids.
The green peach aphid ki, persicae was employed in the screening

for resitance. A number of' aphids were collected from a healthy
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colony and allowed to starve for 30 minutes, Such asphids were allowed
to feed on virus source for45 minutes to acquire the virus, They were
immediately transferred to healthy pepper varieties in groups of

10 ephids per test plant and allowed45 minutes of inoculation feeding
time, The plants were sprayed with menazot: . ‘}meto kill

the gphids., 8ix plants were inoculated per variety, The experiment
had four replicates end corresponding uninoculated plants were kept

as controls,

In the greenhouse screening, all the varietics not showing
symptoms due fo mechanical inoculation were tested by sap inoculation
on the pepper variety 15962-2 which was known to be very susceptible
to PWWV, to find out if the virus was carried symptomlessly in them,

A similar test was carried out in the case of aphid inoculation

experiments,
I1. ZIn the Field:
(a) Lend preperation and layout of experiment.

Seedlings of 30 varieties of pepper were raised in an insect-
proof greenhouse as described in the general materials and methods
and transferred to the field after four weeks of grovwth,

A fairly uniforn field in I.A.R. farn ($10,) was prepared
and a standard basal application of muperphosphate was applied, The
whole field was ridged at 60 em interval, The field was divided
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dnto 3 major blocks which represented 3 replicates, Each block was
further divided into 30 smaller plots of two ridges of 600 an
length whioh agoommodated 20 plants of one variety; The varieties
were randomly allotted to the plots using the complete randomize
block design (Plate 3).

Beedlings were trensplanted on the ridges at 60 em distance,
The orop was top-dressed twice, two weeks and mix weeks after trans-
planting with a compound fertilizer N.P.Ki (11414) at the rate of
200 kg/hay Vieeding was done 4 times at 2-wceks interval,
(v) Observations and disease rating.

Weekly observations of nmumber of plants showing symptoms was
made, starting from the eighth week after transplanting, for 9 weeks.
Attempts were made to evaluate the severity of symptoms in
the various varietics due to PVIV infection. The following score card
was developed for scoring (rating) the severity of the symptoms

(Plate 6):
Score Q = No visible symptoms.

Score 14

No stunting of plant, mild mottling and
no leaf distortion,
Score 2 = 8light stunting of the plant,

mottling and slight leaf distortion,



Bcore 3 = General stunting of the plant,

severe mottling and leaf distortions
Soore 4 = General stunting of the plant,

very severe mottling and leaf dlstortion.

Obaervations were recorded at woekly intervals for L weeks
towards the end of the growing season when the spread of the virus
had elmost ceaseds The scores of individuel plants in each variety
were added up and the mean was calculated by dividing the total
number of scoresby the total number of plants scoreds Only the last
set of scores were finally used for disease rating.

(6) Meteorologioal data.

The daily weather reports supplied by the agro-climatological
unit of the Institute for Agriocultural Research, Samaru, on
temperature, relative humidity, sunshine, wind-run and rainfall
were used to discuss the influence of weather on the prevalence of
aphid species which are vectors of PVMV and the spread of the disease.

(d) Aphid traps in the ficld.

8ix rectangular metal trays painted bright yellow were set
om
up in the rield (Plate 4) two in each major block (Plate 5),“}72311073
ground level against a contrasting background of bare soil (Heatncote,

19584, Bvans and Medler, 1966), The trays were filled with a solution
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containing water (98¢), teepol (detergent: 1,%%) and formalin
(preservative: 0.5%).

The insects trapped in the trays were collected every week
and sorted out discarding insects other than aphids. The total
number of aphids trapped were recorded, Further, aphids were
sorted into various species on th¢ basis of external appearance

using & hinocular microscope and the number of each specics recorded.

HBSULTS
er varjeties registance by mechanic
ations:

1, Greenhouse results.
The mean number of plants showing symptoms are shown in Table 410,

The varieties were classified into resistant, moderately susceptible

and highly susceptible on the basis of mean number of plmts showing

symptoms out of 6 plants inoculated, The following scale was used:

Mean No. of Plants Classification of
showing Symptoms variety
0.00 Registant
1.00 to 4,00 Moderately susceptible

5400 to 6.00 Highly susceptible



(a) Mechanical inooulation.

From Tables 40 and 419 it is clear that except the variety
TCa 14xxx76, 2ll varicties tested were susceptible to PVMV, Eight
varieties were moderately susceptible while 24 were highly
susceptible, Pepper veinal mottle virus was recovered by sap
inoculation from symptomless plants of TCa 14076 to a very susceptible
variety 15962-2 indicating that the virus was symptomlessly carried
by the variety., However, the virus was not recovered from the variety
by aphids (M. persicae).
(b) Znoculstion by sphids.
Two varieties, TCa 14xxx76 and California mild were resistant,
six were moderately susceptidle and twenty two were highly susceptible
(Tables40 and 41 ). aphids (M. persicae) were unable to recover the
virus from the symptomless plants of both varicties, However,
California mild was moderately susceptible when mechanically inooulated,
Statistical analysis of the raw and transforumed data using the
"F' and l.s.d. tests at 4% level showed that there was a significant
difference in the level of infection of the varieties Wby both

mechanical (sap) and aphid inoculation ,
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Table 10: Screening for virus (PVMV) resistance in pepper by aphid
and sap inoculation,
Code Mean of infected plants
Variety
Number Sap inoculation jAphid inoculation
1 Red cherry 3.00 3.00
2 12170 (Tatasai) 3.00 5.00
3 12289 1.00 1400
L California mild 1.00 0.00
5 Cayenne long slim 5.00 3425
6 Kimbe (8,B,E.C,) 1.00 1425
7 L2190 (S.B.E.C.) 44,00 3.00
8 Kashim Bargu {S.B.E.C.) lhe 00 4400
9 L2096 6400 e 25
10 Red Chilli 600 Le50
11 L2025 (S.B.B.C.) L 00 1¢75
12 Dantsiga (S.B,B.C,) 2,00 3,00
13 Serranoc Chilli 6.00 425
14 L2188 (S.B.E,C,) L4400 3400
15 Sakerho (S.B,E,.GC,) 2.00 2.75
16 Bx~Hunkuyi 5400 4,400
17 Danmeyere (S,B.E.C,) 2,00 1,00
18 L3874 2.00 2.75
19 Cayenne Large Red Thick 3400 L+ 00
20 L2AH (Tatasai) 1.00 2,00
21 L2464 (Tatasai) 4.00 3,00
22 15962-2 (Tatasai) 5425 5.00
23 Caloro 5.25 6,00
2L Anahen 6.00 6,00
25 Yolo Vionder 6.00 L75
26 Hungarian Yellow wax 5.00 L.75
27 TCa 1 Lxxx76 0,00 0,00
28 Green leaf tabasco 6.00 5.00
29 Nihort Rodo 5.25 5400
30 Nihort Tatasai 6400 5400
8.E, = 0.29 8.E, = 0.21




Table 11: Classification of thirty varieties of pepper
screened for resistance to PVMV by sap and
aphid inoculatiuns,

Classification Sap inocnlation Aphid inoculation
5 TCa 1lxxx76 TCa 1loxxT6
California mild
Moderately L228 L2289
Susceptible Kimba Kimba
Varieties L2190 L2190
Red Cherry Red Cherry
Kashim Bargu Kashim Bargu
Danmeyere Danmeyere
L3874 L3874
L2191 L2191

L216Y L2164

-
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II. Screening pepper varieties for resistance ‘%o FVMV in the field:

Table 42 gives the mean number of infected plants out of a

mean of 204 The following arbitrary scale was developed for

classifying the number of infected plants per varictys

Mean mumber of plants Classification of
showing symptoms varie ty
0400 Resistant
1.00 to 4,00 Moderately susceptible
5,00 and above Highly susceptible

The data in Table 13 clearly indicates that none of the
varieties tested was entirely resistant. The varietics that
showed resistance in the greenhouse screening were found to be
moderately susceptible under field condition, However, all the
varjeties showed two categories of suasceptibility-moderately

and highly susceptible,
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Statistical analysis of the cumulative number of infected
plants during the first reading - 13th Sept., (Table 42) showed
that there was no significant difference at 4% level between the
mean number of infected plants in the 30 pepper varieties

On the other hand, statistical analysis of the
3rd and last readings (27th Sept. and 8th Nov, respectively)
showed that there was a significant difference in the nunber of
infected plants in the varieties at 1% level, '/hen block means
were subjected to the "F" test, there was no significant difference
between them indicating that soil fertility gradient and other
factors that crecate block differences were probably non-operational

end the treatments were randomly distributed.

Severity of symptoms due to FVMV infection on pepper varietics.
Observations of symptom picture were made inorder to find

out if the severity of symptoms corresponded with the degree of
susceptibility of the varicties, The score card for discase
severity is shown as Plate 6. The varieties were categorized
accordingly.

Prom Table 14 it is interesting to note that majority of the
varieties grouped as resistant and moderately susceptible showed
milder symptoms compared with the highly susceptible ones,
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When the severity means were subjected to the "F" and l.s.d, tests,
there was a significant difference in the severity means of the
30 varieties at 1% level, No significant differences wecre
recorded between the block means

On the basis of greenhouse, field screening and disease
severity, an attempt was made to summarise the performence of the
pepper varieties, OQut of the 30 varietiecs tested, 9 of them
(arranged in order of tolerance in Table 15) appeared to be
promising, Generally, TCa 44xxx76, Kimba (S.B.E.C.), California
mild and Danmeyere were outstanding but only California mild is

a sweet pepper (C. anmuum) among them while others are hot pepper

(Ce frutescens).

Correlation between aphid population and disease incidence.

Transmission studies revealed that PVMV is transmitted in a
stylet-borne manner by several species of aphids. When the virus
was transmitted by aphids to pepper plants, it took about 7 days
for symptoms to appear (inoubation period). Therefore discase
appearance due to the aphids traopped in a given weck was expected
in the following week, This was taken into consideration when

plotting the graph
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far resistance to PVMV in the field,
Classification Varicty
-
Resistant None
Moderately California mild
susceptible Kimba (8,B,E.C.)
Dantsiga
Danmeyere
L3874
L1249 (Tatasai)
12464 (Tatasad)
TCa 1 4xxx76
Highly susceptible Red cherry
L2470 (Tatasai)
L2289

Cayenne long slim

L2190 (S.B,E.C.)
Kashim Bargu (S,B.E.C.)

L2096

Red Chilli

L2025 (8.B.E.C.)
Serrano Chilli
L2188 (S.B.E,.C,)
Sakarho (S.B.E,C,)
Ex-Hunkuyi

Cayenne Large Red Thick
15962-2

Caloro

Anahem

Yolo Viondor
Hungarian Yellow wax
Greenleaf tabasco

Nihert Rodo
Nihort Tatasai




Table 14: Severity of PVMV on thirty pepper varicties at

Samaru on 22/11/77.

' | Scores : Mean |
— I I mo | (F)
Kimba (8. BeEs Ce) | 0420 10,00 | 0400 | 04,07 |
TCa 14xxx76 0020 © 0400 ' 0622 | Outdh !
Danmeyere 0,00  0s00  0.70 | 0423
| California mild 0620 ' 0460 0420 | 0433
Dantsiga (8.B,B,C,) 0650 ' 0400 | 0450 | 0433
L2464 (Tatasai) 0400 0450 050 | 0633
L2025 (S.BE.C.) | 0470 0,00 = 0,36 | 0,35 |
12194 (Tatesai) i 0460 | 0,70 | 0400 | 0uk3 g
L3874 | 0430 1410 000 | Q.47 |
Sakarho (S.B,B,C.) L 0.0 0,00 1410 | 0,50
Caloro | 1400 | 0,30 i 1400 | 0,77
L2289 | 120 | 0,80 ' 0,40 | 0,80
Greenleaf tabasco ' 0480 ' 140 0,50 ! 0,80
Anahen | 1433 . 0,30 | 0,80 | 0,81
Ex-Hunkuyi 1,50 |, 0,00 1.00 | 0,83
Hungarian Yellow wax ! 0.66 | 1,30 1400 0.99
Yolo Vonder | 1420 | 1433 050 | 1.0
12190 (8.B.E.C.) | 140 ' 1,00 1410 | 1447
Red cherry l 1.90 110 1.80 | 1,40
| Minort Rodo [ 10 1410 2.201 1457
L2170 (Tatasai) l 130 | 2,00 1.70! 167
Cayenne Large Red Thick | 2420 | 1440 ' 170 | 1.77
Nihort Tatasei | 2020 | 1270 1.8 | 1.9
Roshin Bergu (S,BE.C.) . 3.0 | 3.20 | 2,00 | 2,77
L2096 [ 3400 | 2,70 3,00 | 2,90
12488 (8, B,E.C.) 340 | 340 | 3.00 | 3,07
L5962-2 (Tatasai) 2,77 | 3440 340 ' 3409
Cayenne long slim 3050 | 3450 | 2,50 3417
Red Chilli 3020 | 330 | 340 = 3,20
Serrano Chilli 2,90 | 3,50 330 3e23

:S.B = 5-.23

lesede = 0.3‘0-



Table 153

registance to PVMV at Samaru,

87

Pepper varieties that showed promising signs of

Greenhouse Screening

Field Screening

Varicty No. of infected plantspufefé No. of Di sease
Mechanical Aphid infected | severity
inoculation |} inoculation _mpj_-ﬂél}tﬂ

TCa 14xxx76 0,00 0,00 2.00 0u14
m‘(’g&&c‘) 1400 1425 2,00 0,07
California mild 100 0«00 2.00 0-33
D““?g_y";;c ) 2400 1400 2400 0423
D“‘E‘;_igf& o) 2400 3400 3400 0433
m%ataaai) 1 .00 2.00 3.6? Ouly3
L2 %atuai) ) 3,00 2.33 0033
L3874 2.00 2:75 L33 Q.47
arh
3‘“‘(3.;2. c.) 2,00 2.75 4.67 0450
KEY

Tatasal = Hausa word for sweet pepper,




The data in Table 16 clcarly indicate that the
ephid populetion was highest (during the recording period) on 20th
September and the disease incidence recorded the following week
was the highest indicating that the higher the population of aphids
in a particular week the higher the mumber of infected plants the
following week, The delay of' 7 days, accounted for the incubation
period of the virus in the plant, It was also noticed that with
a decrease in aphid population, the number of plants infected
also decreased,

A significan.t difference at 1% level was recorded when the
total mumber of aphids trapped per week was subjected to the "F"
and  lesst siguiffonnts Gets,. Twere was a highly positive
correlation between the number of aphids trapped per week and the

rate of infection of pepper plants with PVM{

Relative prevale f aphid cies.

Regular weekly counts of alate aphids trapped in yellow trays
indicated the consistent presence of 5 aphid species -  Aphis
Sracedvora, M. persicac, Re maidis, e fabae and 4. gossypid.

In the earlier studies on vetor-virus relationships, all the five
ephid species were found to be vectors of PVMV, The aphids that

were not identified were called 'Others! (Table 47).
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Table 16: The relationship between aphid population and the
incidence of PVMV on pepper at Samaru in the 1977

wet

seasone.

Recording Age of pepper | No. of infected | No. of ephids
date plants in weeks plants trapped
13/9 12 1 29
20/9 13 93 540
27/9 14 181 b7
L/40 15 64 29
i (.

1/10 16 53 28
18/10 17 42 22
25/40 18 46 17
1/11 19 42 9

-
8/11 20 L 6




.

3

4 Table 17: Species
of aphi .
4 season, phids trapped in a pepper field at Sgpmaru '

Hecording |A.
el graccivora |M. persigae |R, maidls A, fabae [A. gossypii 1
16/8 % ’ . : g
| 8 L  y i
23/8 h
I 3/ - 28 27 29 }4 19
30,8 11 -
12 5 R |
3 S
. & 7 ™
6/9 -
/ 2 5 ? 0 0 i
; 13/9 B a - i
20/9
21/9 |
i {
L/ L
1
p————
i
.} oz i A
;. \ 3. t - ¢
s s o = ndies ) r 2
N

The data in Table 17 clearly jndicate that the

aphid species A M‘!&E‘J X LOH.’-_%‘E and Re naidis were the
most prevalent. They showed significantly higher numbers in

However, there were no si gnificant differences

weekly countse

between these 3 species e

Fron the data it was rathor diffiocult to gompare the poaks

of these three aphids. Thercfore it was not possible to point out

gpecies was the most important. Looking at

which one of these 3
g were

the counts made on 23/8/77 when the highest number of aphid

a, it seems as if all the 3 specics
in the same strength, indicating that they were

recorde occurred in the field
more or less

probably more jmportent in the spread of PN .

Analysis of the weekly sphid counts indicated that there

was a significant difference between the number of ophids trapped

on different dates (Appendix I ). The total nunber of aphids

trapped decreased from 195 in mgust to 415 in September, 96 in

QOctober and finally to 15 in mid-Noveaber when reading vas

terminated.
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Table 18: Relationship between weather and the number of alate aphids trapped in a pepper
field at Samaru in the 1977 wet season,
>qupﬂm.ﬂm“. Mean Relative Mean Sunshine Mean “ind Mean Tlo of
(min & max. Humidity (%) (Howrs) Run (Km) Rainfall Alate
Period (mm) Mwwwn
(x,) (x) (x) (x,) (x) (1)
9-15th August 23.14 80.10 3.60 9.7 18.10 41.00
16-2om August 2690 T1.30 T 134.00 5.8 10100
23-29th August -mua - 82,90 3.10 163. €0 dm..q . :Mm.oo
wmwumwwﬂﬁ - 24,60 78.30 6.70 103. €0 5.80 15,00
6-12th Sept. .m_.u.....a 75.00 7.80 85.10 G.uﬁ.u.l 29,00
13=19th Sept. 25.00 62, 60 8.80 98.10 2.40 ..:.wo.oo
20-26th Sept. 25.00 8.0 6. 90 105.30 5. 8!::”“..?8
e - 25,20 6440 6.60 9.9  2.40  29.00
-?69 Oct. 25.20 66.30 7.00 9%.30 0.00 28.00
11=17th Oct. 23,10 .10 8.7 103.30 0.62 22.00
18~24th Oct, 24,40 45.50 9.7 95. 30 0.00 17.00
25-31st Oct. 20.40 55420 10.40 141.20 0.00 9.00
1-Tth Nov, 20,20 24,60 10,50 118.00 0.00 6.00
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er aphid ation in the field.

The relationship between the mumber of alate aphids
trapped and olimatic factors is shown on Table 18, There was
a positive correletion between the rnumber of aphids trapped
and relative humidity (Appendix II).  Periods of high
relative humidity generally corresponded with high population
of aphids, The next climatie factor that showed a little
correlation with the number of aphids trapped was temperature,
But this relationship was not significant at 1% level (Appendix II).

Generally there was no significant correlation between the
number of alate aphids trapped and the following climatic factars:
temperature, sunshine, wind-run and rainfall,



DLSCUSSTON
The result of the greenhouse screening of thirty pepper

varieties for resistancc to PVMV indicated that the sap inocule~
tion method was slightly more efficient than aphid inoculation
(Table 10). A similer result was obtained by Alegbejo (197h)
at IITA, In the sap inocoulation method, the virus concentration
was high, the inoculun was conditioned by adjusting the pH, non-
lethal wounds were made on the leaf surface by rubbing it with
carborundum for a direct entry of the virus into the leaf tissue,
These factors might have made the sap more efficient than the aphid
inoculation method,

Two varieties viz: TCaf4xxx76 and California mild were
found to be resistant to PVMV in the greenhouse, Controlled
conditions such as a single isolate of PVIV ond aphids of one
species (M. persicae) and one colony were used. The same varieties
did not react similarly in the field where they were tested under
natural conditions, Here aphid density, prevalence of a particular
species ond the strain(s) of the virus were not controlled. These
two varietics were only moderately susceptible in the field and
could therefore only be considered as promising varieties,

It is also interesting to note that the moderately susceptible
varieties showalless severe symptoms compared with the susceptible

ones,
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Resistant varieties are nomally expectced to produce less severe
symptoms than susceptible ones where the concentrotion of the virus
is normally higher, In the present study it was not possible to
assay the virus concentration in the various varicties becauge
the virus hal no local lesion host (Holmes, 1929).

Fleld screening and aphid trap results showed that the

incidence of PVMV is caused from the primary spread of the virus

by viruliferous aphids viz: ,phis graccivors, A. fabse, A. gossypii
M, persicae and R. paidis mimrating into pepper fields (Table 16,
Fig, 8)., Since the incubation period of the virus in pepper is
about 7 days, the disease incidence of a any given week wns
correlated with the aphid por lation of the previous week.

High population of crhifs comsistently corrcsponded with high
PVMV incidence. S8imilar observations were made by Bloch (1971),
Zitter and Ozaki (1973) and Whiton (1974) with the viruses they
were working with,

In the previous chapter, 7 species of ophids were found to
be vectors of FVMV although they differred in their efficences of
transnission. It is not uncomnon to find less efficient species
being very important vectors in 2 given locality Lecause of their
presence in lerge nugx%e“i-am&g);ituation wos encountered

in this study where A, craccivora and R, maidis which were less



efficient than M. persicee were trapped in largeynumbers,
H. setariae which was one of the most efficient vectorsof FVIV
in the greenhouse was not trapped in the field,

A grageivors, M. persicae, R. paidis, 4. fabse and
A+ gossypii colonize groundmut, guinea corn, millet, Solanum
nigrum and cotton respectively. These erops are normally grown
at Samaru in the wet season and provide breeding grounds for
these aphidas, Out of the five specics of aphid trapped,
A. craccivora, M. persicae and R, maidis were trepped in higher
numbers, These species are probably the most important vectors
of PYMV at Samaru,

M. persicae may probably be very important because its
population peaks corresponded with the peaks of PVMV incidence
and it was the most efficient vector in the laboratory studies,

This aphid was reported by Brunt and Kenten (197 ), Ladipo and

Roberts (1977) asaveotow of PVMV., Dickson (1949) and Simons (1958)

thought that M, persicae is a very efficient spreader of a number

of virus diseases in the field because of its habit of short flight,

The importance of A, gcraccivora in the spread of different
viruses including PVY and PVMV was recognised by Mariappa et al,
(1973)., Lana et al. (1975)., and Whitam (1974). It was probably
very important in the field spread of PVMV at Samaru where its
host-groundnut is widely grown,
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Although Rhopalosiphum maidis vas not an efficient vector of
PVW (reletively) in the laboratory studies, nevertheless, it might
be important in spreading PVMV, Its hosts maize and millet are
grown by most farmers in Samaru.

Aphig fabse and A, gossypii whose hosts are Solanum nigrunm
and cotton respectively, though less abundant than the ather
aphids trepped, were fairly efficient vectors of PVMV in the
laboratory studies, They might be important field vectors.

The latter sphid was reported by Brunt and Kenten (1974) De Wijs
(1973) and Lana et al. (1975) as o vector of PVMV,

Weather factors such as temperature, relative hunidity,
sunghine and wind influence the movement of aphids. In this
ltudy,.only relative hunidity had & significant influence on
ephid population, As the relative humidity decreased the populao-
tion of aphids also decreased and hence the number of pepper
plents infected with PVMV,

The need to use resistant pepper varieties is likely to be
the most valuable answer to the control of PVMV, It is therefore
suggested that farmers use TCaxxx76 and California mild or the
moderutely susceptible pepper varieties until resistent varieties

are bred by a team of breeders and plent virologists,






LEIRODUCTION

Virus diseases affecting peppers (Capsicum spp.) are of world
wide importance. Workers from various parts of the world have made
mmerous reports on pepper virus problems. Viruses such as ™V,
MV, TEV, PVY and TNV are l:mwn. to cause losses in yield of pepper
crop. Pepper veiml mottle virus is probably the most important
virus on pepper in West Africa. It has been reported in Nigeria by
Lam gt. al. (1975). Since then the virus has been reported in
other parts of the country (Subbarayudu, unpublished., Ladipo and
Roberts, 1977).

An understanding of the distribution of a virus or viruses in
a particular crop and locality is very important before attempting
control measures. A systematic survey in the northern states of
Nigeria was attempted to locate the preseme of pepper virus or
viruses. Attempts were also made to see if there were strain
relationships between the isolates collected. The survey was
conducted in Kaduma, Kamo, Sokoto, Niger, Kwara, Plateau and Bemue
States. Bauchi, Bormo and Gongola States were not included because
of limited funds., Identificationd #ic -virucco end their strains
was based on studies such as host-range, physical properties

and gerology.



100

4 AND ME

L. Survey of virus diseasos.

Survey was conducted in 7 states, From Kaduna and Kwara States,
sanples were collected from more than one place, In each locality at
least 3 representative samples were collected, Pepper plants
showing typical nosaic or mottle symptoms were spotted and Jleaves
showing symptoms were plucked and packed in sanall polythene
bais, labelled and brought to the laboratary.

The sap extracts of all sarples were imoculated separately
onto 4 week old pepper seedlings of C. annuun cv. 15962-2,

Regular transfers were male to new seedlings by using aphid vectors.
The isolates were continuously maintained in the greenhouse,

Care was taken to separate the various isolates by keeping wooden
planks or glass sheets in between isolates and spraying regularly

with aphicides,



Table 19t The abbreviations used for the isoclates codlected

from various locations,

STATE PLACE ADBREVIATION USED
FOR TEE IBOLATE

KADUNA Samaru SAM
Angwan Sambo AS
Pambegua PAMB
Kadum FLD
Funtua FU
Hunkuyi HU

KAND Kadawa K

SOKDT0 Gusau GU

NI GER Mokwa MK

KWARA Ilorin IL
Kabba KaAB

BENURE Makurdi MAKD

PLATEAU Jos J

IT. Identification of the wvirus isplates,

a) Host rane studies.
Thirty plant species belonging to six different families

were employed. Various virus imocula were prepared from their
respective isolates maintained on C. apnuum cv. L5962-2. Standard
extractyof virus were obtained by triturating the leaves showing
symptoms with 0.01M phosphate buffer at pH 7.0 in pectle and mortar

10

P
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The extract was strained through two layers of cheesecloth,

Thirty species of plants were inoculated with each inoculum on
..carborundum (60 mesh) dusted leaves, :riinh

plces of cheooaeloth, The inoculated leaves were rinsed

immediately with water from 2 wash bottle. Five test plants of

each species were inoculated while 5 other uninoculated plants were
kept as controls, Plants were left in the greenhouse for observatior .
Plant species that did not show symptoms after 4 weels were tested

on C, gnmum cv. L5962-2, to find out if they were carrying the virus
symptomlessly., Back inoculations were also conducted to pepper plants

by sap. and aphid inoculations from the hosta showing symptoms.

b) Rhysical properties

Determination of physical properties usc: done-wvil; for the
isolates that were collected from Kano ard Kaduma States. Thermal
inactivation point, dilution end point and lengevity in vitrg were
studied for these isolates.

Inocula of the isolates for these studics were obtained from
leaves of pepper plants cv. L5962-2 showing mottling symptoms.
Inoculations were made on leaves of the above cultivar and rinsed
soon after inmoculation, Five plants vere uwsed for sach treatment
and replicated 4 times, The plants were kept in the greenhouse and

observatioms recorded.
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Dilution-end point
Crude extracts of the isolates were prepared from pepper
leaves showing distinct wottlins; symptons, The following dilutions

were made from the crude extracts: Undiluted, 10-1 ’ 10-2, 10-3, 10-1",

10-5, 10-6, and 10—7. Test plants were inoculated with each inoculum,

Crude extracts of the isolates were distributed into thin
walled test tubes which were exposed to vurious teumperatures in water
baths, The temperatures of the sap inside the test tubes were taken
into account, Test tubes containing 2 ml of crude extracts vere
exposed to temperatuces of 50, 54, 56, 58, 60, 62, 64, 66, 68 and
70°C for ten minutes in a water bath, The contents were cocled and

each inoculated onto five pepper test plants.

Longevity in vitro

Crude extracts of the isolates were put in test tubes and
separately stored at 7 and 25°c. Each of the above inocula were
inoculated onto five pepper test plants per day for 10 days,
III, Purification of the virus isolates

Several methods have been published on the purification of
viruses belonging to the potato virus Y group (Delgado-Sanchez and
Gregan, 41966,, Damirdagh and Shepherd, 1970., Gillaspie, 1971).

However, complete purification of these viruses was not very successful,

The primary problem in their purification is the irreversible aggregation
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of the virus particles during high speed and loss of the virus during
low speed centrifugation steps. Vhitam (1974), suggested that any
methol that could partially purify the virus, might be used to achieve
necessary results, if cnough host debris could be removed,

Brunt and Kenten (1971) used chloroform and 2-mercaptoeth-anol
in the initial extraction to prevent aggregation and sedimentation of
virus during low-speed centrifugation., The yellowish aqueous phase
was filtered through Jhatman No. 4 filter paper to remove the plant
material and the virus precipitated at 0 to 4°C by adding 50 g of
polyethylene glycol (600 M,W) per litre., The precipitate (mainly virus
particles) was collected by centrifugation at 40,000 g for 10 min,,
ddspersed in 0.5 ¥ borate buffer and after 2 hours plant material was
further removed by another cycle of low centrifugation, Borate buffers
(pH 7.8 and 7.5) were effective in resuspending the pelleted virus after
low=-speed and rate zonal density gradient centrifugation respectively.

Whitam (1974) working with PVY used the Damirdagh and Shepherad
(1970) method with a slight modification, He used n-butanol to remove
the plant material, But unlike Brunt and Kenten (1971) phosphate
buff'er was used in place of lorate and a reasonable concentration of
the virus was obtained,

Isolates collected from all locations were purifiied for the
purpose of servlogical test. Whitam (1974) method, a slight

modification of the method suggested by Damirdagh and Shepherd (1970)
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for the purification of viruses of the potato virus Y group, was used,
a) Extraction,
The sap extract was prepared by triturating diseased leaves
in a sterilized mortar and pestle kept at & temperature of K¢,
With 0,5 M phosphate buffer, pH 7.4 (1 g : 1 ml) containing 1%

2-mercaptoethanol.,

b) Clarification.

The homogenate was pressed through two layers of cheesecloth
and n-butanol was added slowly into the extract until it was 8

of the solution, This process was done tow times,

o) lsolation.
The virus was precipitated from the clarified sap by dissolving

4400 g of polyethylene glycol (FEG molecular weight 6,000) per 100 ml.
of the extract, This was incubuted for 90 minutes and the precipitated
virus was centrifuged at a low speed of 10,000 g for 45 minutes,

The pellets were resuspended in 30 ml of 0.025 M phosphate buffer,

pH 7.4. and left overmipght, The virus was again precipitated by adding
PEG and NaCl to make a 4% solution, The mixture was left for 90
minutes and the pellets were collected by low speed centrifugation,

The pellets were again resuspended in 15 ml of 0,025 M phosphate

buf'fer pH 7.4 and used for serclogical tests,
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The isolates used in this study were purified from the
following plants :=

Group 1 from pepper cv. L5962-2
" Physalis flopidana
" Retunia hybride
Solapum nigrum

"  Nicotiame tabaowm

(S I o

Serological Teots.

Antisera to PWMV, PeMV, ™V, CMV, TEV and PV! were obtained
from several sowrces. Antisera of PWMV were obtained from
A. A. Brunt of the glasshouse crops Research Ims titute, Sussex,
England., J.J. De Wijs of Ciba-Geigy AG, Agrochemical division
Switgzerland,, A.0. Lam, Department of Agricultuwral Biology,
University of Ibadan.

Initially Ouchterlony agar double diffusion test was wsed
for the determiretion of serological relatiomships of the isolates,
but most of the later tests were conducted by using micro-precipitin

test with drops between slides (Noordam, 1973).

(a) Quchterlony agar double diffusion test.

Ma jarity of pepper viruses described so far belong to the
potato virws Y grouwp, which are rod-shaped. Therefore, Sodium
dodecyl sulphate (SDS) was wsed to degrade the long particles to

facilitate their movement through agar gels. Purther SDS minimiges
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non-gspecific reactions, Gooding and Bing (1970) medium which

contained 0,.8% Bactoagar, 0.5% SDS and 1% Sodium agide, all w/v in
Petri dishes

water was used, The medium was poured into and allowed

to settle. Wells were cut by uwsing gel cutter with seven tubea of

4om diameter and 4am apart. Antibodies were placed in the central

wells and antigens in the swrounding wells, The plates were observed

for one week for the development of precipitation bands.

(v) Microprecipitin test between glides (Noordam, 1973)
Plate 23 shows the arrangement of materlials in the precipitin

test with drops between slides, Undiluted sap of about 1, %, ¥, ¥, to
1/8192ml. were put in fourteen centrifuge tubes. 0, ¥+, 3, ¥ to
8191/8192nl. of saline buffer solution were added to the undiluted
sap respectively. Similar dilutions were prepared with the antiserum.
The drawing (Plate 23) was laid on the table and sap dilutions
indicated on the top starting on the left with saline-buffer aclution.
The slide with thickness 6mm was put on the drawing. A pasteur pipette
was filled with saline buffer and the drops placed on the upper and
left row. The pipette was emptied and filled with the lowest
concentration of sap. Seven drops of sap were put on the sscord
vertical row and s0 on up to a vertical row mo. 12. A new pipette was
filled with the lowest antiserun corcentration and a drop added to
each of the 12 drops and so on up to the last horizontal row. A new

pipette was used for each row. This procedure was repeated on another
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glide with antiserum and sap concentrations from 1:256 to 1:18192.
The {mm frame was then put on the slide with drops., The slide with
thickness Smm was put exactly on top, without shifting when the drops
made contact with the upper slide. Fowr pieces of adhesive tape were
- fized onto 4 slidesof the slides. The slides were put in polythene
bags and kept at a temperature of about 3500. This prevented
evaporation of the drops. After 24 hours, the reactions were read
with a bimocular microscope. After each test, the slides were cleaned
with water then with a detergent. They were again rinsed with water

ard cleaned with a soft tissue papper.

BESULTS
1. Survey of virus diseases

Plate 7 shows the locatioms in the nor thern states of Nigeria
where virus samples were collected from infected pepper plants.

These are the areas well known for pepper production.

II. ldentification of thg virug isolates
(a)

A total of 28 virus isolates were inoculated separately onto
30 plant species belonging to 6 families. The isolates were found to
some
vary in their host range. Only/nembers of two families viz:

Solanaceae and Chenopodiaceae were found to be susceptible to all the
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isolates tested (Teble 21a). The list of the hosts that did not react
positively to any of the 28 isolates is given in Table 21(b), On the
bagis of their host range, the isolates were classified into 5 groups
(mble 22). Many isolates fell in growp 1, which infected only two
hosts viz: Pepper and Physalis micrantha, It is interesting to mote
that only P. Maphrt from pepper was a commoil host of the
isolates in groups 1 to 4.

Only isolato PAMB, {group 5) had host range plants quite
different from those of groups 1 to 4, indicating that it could be
a distinct virus. Further, the symptoms produced by this group on

pepper was different from those produced by the other groups,
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able 20a: The description of the symptoms produced by the isolates in

groups 1 to
Group Host Deseription of Symptoms
1 to 4 Pepper Mottling of leaves, distortion along
C. annuwm veins. Wrinkling and outward curling
of leaves, fruits distorted and
reduced in size. (Plates 8 to 10).
Physalis Chlorosis of leaves followed by vein-
wicrantha. banding, blistering, abaxial and
adaxial curling of leaves (Plates 11 &
] 12) s
2 to 4 P, floridam = Dark-green mosaic patterms one week
after inoculation. Leaves blistered,
variously distorted and reduced in sige.
Plants generally stunted.
(Plates 13 & 14).
3&4 Petunig Severe stunting resulting from shortened
hybrida internode. Leaves mottled amd reduced
in size. (Plate 15) .
4 Solanum Leaf mottling one week after inoculation.

plgyrum Followed by blistering and severe
distortion (Plates 16 & 17)

S. inganum Mosaic symptoms followed by blistering,
distortion and outward curling of
' leaves at the apex. (P1ate 18).
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Table 20(b): The description of the reaction of plants infected
with virus group 5 (pn(@

Host ‘Description of Symptom
Pepper Systemic mosaic 8 days after inoculation.
(Co _) Reduced leaf size, shortened internode giving rise
to stunted planta,
Lycopereicum Necrotic spots on inoculated leaves.
geculentum Terminal necrosis of plants which were then stunted.
Retunia hybrida Systemic mosaic of leaves which were later on reduced
in aize and slightly distorted. Internodes shortened.
Hicotiana tebacum  Alternate pale and darke-green patohes on leaves.
(cv. White Burley) Later, leaves were blistered, distorted, curled
outwards and reduced in size. (Plate 19)
N, glutinosa Necrotic local lesions two days after inoculation
No systemic infection (Plate 20).
N. glov#langii Systemic mosaic symptoms 10 days after imoculation.
B, pustice - do =
N. tgbgoun
(samsum EN) "
Chenopodium gquinoa Chlorotic legioms on inoculated leaves after
3 days (Plate 21).
Cs gmaranticolor FRecrotic local lesiome on imoculated leaves 3 days

after imoculation (Plate 22).




Bagk Inoculations

When back inoculations were made onto a very susceptible pepper
variety (. gumum ov. L5962-2) by means of sap and aphids from the
hosts whioh did not show visible symptoms *-4 weels after inoculations,
the pepper plants did not develop symptoms of infection indicating
that the symptonless plants were free from the virus.

Baok imoculations made onto the same pepper variety by means of
Bsap and aphid inoculations from hosts which developed symptoms of
infection using inocula of virus group 4 (s a representative inocula
for groups 1 to 4 aince it infected all the hosta of groups 1 to 3)
and group 5, showed that the virus waas recovered from these hosts to
pepper by sap imoculation. Virus group 4 was also recovered from
these hosts by aphide (M. persicag) except from Pgtunia hybrida
(mble 23). The aphid consistently failed to recover the virus from
this host.

The isolate of group 5 (PAHB1) was not recovered from any of
its hosts to pepper by aphid inoculation, This gave a further
evidence that PAMB; was probably a distinct virus from those of groupe
1 to 4.

Zitter (1972) in Plorida, U.S.A. used some pepper cultivars
(BarlyCalwonder, ivelar, Agromomico 8 and PI 342%47), as differential
hosts to distinguish the viruses on pepper. Similar attempts were
made to differentiate between the 5 virus groups encountered in this

study. When six cultivars of pepper were separately inoculated with
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Table 21(a)’ Host range of mosaic virus isolates of pepper collected
from different locatioms in northern Nigeria.
Isolate HO ST
be o al
e i ; g #
1
g 2 oz i
é. 3 Bﬁg g
g & -
g d g HT Ys £ g
o 513 H .og
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g d ¥ S T e of
,131 - - + - - - - - + + 4+ + +
2 - - - - - - - + 4+ + = =
3 - - + - - - — - e o e e e
4 R
m1 -
2 -
HU E- =
SAM
e 4
2 b7 -
!
3
KAB1
2
m1
2



114

Tble 21(b): Plant Species that did not develop symptoms
when inoculated with 28 virus isoclates.

Plant species Synp tons

AIARANTHACEAR
Celogia argentes
Gomphrena globoga L.

CRUCIFERAE
Bragsica pekopensis
B, npentamusi

COMPOSITAE
Zinnes elegals

LEGIMIID SAR
Chaseolws vulgaris Beka
" " Inum
- " Pinto

Uicia faba L.
Vigra unguigulats
V. ginemsis
Voandzig gub tarranca

No visible sympton
and virus was not
recovered from

gynp tomless plants,

ntura giraponium
Retunis peruviara
Solanun macrocarpon
S, tubgrosum
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Grouping of 28 virus isolates of per

_V.UHQ MNu
in northern Nigeria.
Grouw 1. Group 2.
Artificial 1. Pepper (Capsicum spp.)| 1. Pepper (capsicw

2. Physalis micrantie

2. physalis florid

host range.
3. B micrantha

Virus SaM mﬂm

KAD
la

isolates W, &> a3,
x} -
A MK,
JO
PAMB,
MK,




Table 27  Back imoculations of virus isolates from
susceptible hosta to pepper.

Host plant | Mean of mmber of infected plants
Sap inoculation Aphid inoculation
Rhysalis floridamm 5 5
£ mlcranthg 5 4
Petunip hybrida g 4 0
Rlanm plgum » 5 5
8 lacanuen 4 3
Meotiam olevlaniii 5 0
N. glutinosa g 4 0
N. rustica § 4 0
N fabacum cv. White Burley ¥ 5 0
"Samsun NN 5 0

Eetunig hybrida
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Teble 24: Reaction of mosaic virus groupsS on

Pepper cultin
Mosaic virus Yolo wonder Green leaf tabasco Agrol
Groups
Mottling from Severe mottling Very sev
the base of followed by abaxial and blis
leaves and adaxial curling leaves.
1 to 4 progressed to of leaves. Stunting |severely
the apex. of whole plant.
No distortion
of leaves.
Systenic mosaic Similar to Yolo Similar
symptom. Plants wonder wonder.
5e severely stunted

Leaves often
blistered.
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Plate 23

Arragement of materials in the precipitin ftest with drops between slides -

The thickest

slide

with the frame on fop s put on a scheme with 8x 12 dots

and one row of drops is laid down . After the last drop has been odded

the slide in the background is put on the slide with frame

and drops.



5 representative inocula of the virus groups, the members of

groups 1 to 4, produced very similar symptoms which were not
distinguishable (Table 24). But the isolate of group 5 was distinct
in itA reactions on the pepper cultivars when compared with the
other 4 groups. The symptoms produced were more severe and stunting
was more pronounced. This reaction probably gives further indication
that the virus classified as group 5 was quite distinet from the rest.
However, from the symptoms produced on six pepper cultivars, the
members of groups {1 to 4 were indistinguishable.

III. Physical Properties.
(a) Dpilution end-point

The dilution end~point (D.E.P.) of most of the virus isolates

was between 10™° and 10+ (Table 25 ) except for ASy, 48, and

-4

PAMB,. AS, and AS, both had a D.E.P. between 107 am 10™.

1
However, the isolate PAMBj of group 5 was infective at a dilution of

t0™° but not at 10~ .

(b) Thermal imactivation point
The temperature required for the complete imctivation (T.I.P.)

of moat of the virus isolates in crude sap after 10 minute exposure
o

was 62 °C except K, and PAMB, . The T,I.P., of K, and PAMB) were found

to be @° and %4°C respectively (Mble 26 ).

15



() Longevity in vitro.

All the virus isolates tested for their longevity in vitro at
room temperature (25°c] as well as at 7°% were found to be infective

even after 9 days (mble 7).

IV. Rupificgtion
The modified Damirdagh and Shepherd's (1970) method used by

Whitam for purifying PVY was successfully used for purifying the
virus isolates cawsing mosaice on pepper in northern Nigeria.
Table 28 shows the flow chart of this method. The purified virus

Ir eparations were used for serological tests,

V. Serological tests
Twenty eight isolates belonging to 5 groups (Table 53°) on

host-range basis, were pwrrified and tested agrimet antisera of
™V, MV, PVY, PWMV and TEV using the Ouchterlorny agar double-
diffusion and microprecipitin tests.

The results showed that no precipitation bands were observed
in all tests with all isolatee agaimst all the antisera by wing
the Ouchetelony agar double-diffusion test. However, when
microprecipitin tests were conducted with gll isolates against the 5

antisara, positive reactions were obtained with PWV in 27 instances

againet isolates of groups {1 to 4. Group 5 antigen reacted pogitively

with only ™V. These reactioms indicated that 27 isolates were

152
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Teble 25 Dilution end-point of pepper virus isolates collected from different locations in Kadunae

and Leno States,

Virus group s
2
%B.cﬁon 1 5 & 5
K AS PAMB
bmu wﬁ Mun H._ ﬁr KAD Huj SAM bmr. md.— . .me Hw A A
Undiluted ] + + - + - -~ - - - + |+ - < - -
1 Ol_ - - + (| + +1 + - - - + |+ + |+ + s
1 o..m - - - - - - - -~ + + - - - - +
AOIw - - + |+ + | + - - + + |+ + |+ - +
1 o...r - - - |- - - + | - - - |- - 1= - -
QOIm - - - |- -1 = - - - - |- - - - +
1 0|m - - - 1= -{ - - - - - |- - |- - %
AQ'N —_ - - - - i - - - - - - - - -
ﬂggu- - - - - - - - - - - - - - - -

+ = Infection
= = No infection



S
Table 26: Thernal inactivation point of pepper virus isclates cvllected from different locations
in Kaduna and Kano States.

Virus groups

Tempera- 1 B 1 2 . _ u. _ L 5

i 8. 17y tru ik 1k kap | paun | samlss, B ik (as, ! as, | paxg

(°c) 34" 24y mv.. _ b Y s > m mu ) X
50 ~ + + |+ +| + + + + + §+ + J.f + +
54 + - + L+ + + - - + + )+ + _._. + -
56 + + + |+ +f + + + + + |+ + 1+ + +
58 + - + |+ +§ + + + + + |+ + |+ + +
60 + + 1+ 1+ - + - + + + |+ + {+ + +
62 - - - 4 - - - - - - - - - - - -
64 sflm Jolefola] = |sjulolslacle] =] =
66 - | - - |- -y - - - - - - - = - ~
70 - - “-l=-! -1 - - - - - - -~ - +
75 -t - - - -] - - - - - 1= - |- - +
80 - - - =] =] - - - - - - - = - +
85 -1 - - |- -1 - - - - -f=- -~ - ~
90 -] = - |- - - - - - - - - |- - .
2 - ~ - |- -1 - - - - -] - - |- - .
9% il o lefwl =l e - s w {ofulsis - -
96 - - - 1= -] = - - - -] - - |- - -

KEY
+ = Infection
= = No infection
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Teble 273 Lomgovity in vitro of pepper virus isclates collected from different locations in
Koduna and Kano States kept at 257G,

Virus groups
Re 1 2 L 5
s o 17 |70 |x | & |zeo |paus lsax | as, faw a8, | & AS, | PaMB
o PSR TN BT Sl BN el o 'l bl B 1
b ! :
1 m - - + 1+ - m... - —... - + | + + |+ - -
| i
2 - - + |+ + 4+ + o P+ 1+ 1+ + 4+ + +
3 + - + |+ + |+ - _+ - m+ - + 4+ + +
L + + - - + 4+ + - - “.+ - + |+ + +
5 - - + 1+ |+ 1+ - + - + |+ + |+ - -
6 - - + |+ + |+ - - - + | + + |+ - +
7 + - + |+ + |+ - - + + | + + |+ - -
8 + - + |+ + 1+ + - ~ + |+ + |+ + +
9 - + + |+ + |+ - - + + |+ + | + - +
10 - - + |+ + |+ - - - + | + + |+ - -
IEY
+ = Inflection

= = No infection.
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Table 28¢ Damirdagh and Shepherd's (1970) modified method of
purifying PVY,

Fresh diseased leaves homogenised at L°C in a morter with 0,5 M
phosphate buffer (pH 7.1) containing 1.0% 2-mercaptoethanol and
strained through cheesecloth,

v
Clarified at L°C by dripping n-butanol slowly into the
extract until 8% was added.

N 2 times.
Centrifuged at low speed for 15 min at 10,000 g to
remove plant material,

Virus precipitated from the clarified sap by dissolving L. S
P.,E.G, (mol wt, 6,000) per 108 ml of extract.

Incubated for 90 min and Centrifuged at low speed, 10,000 g,
for 15 min,
W
Pellets resuspended in 30 ml of 0.025 M phosphate buffer (pH 7.L)
overnight,

Damirdagh and Shepherd's
method up to this point

v
Virus precipitated a2 second time by addimg PEG and NaCl to make
a 1Y solution,

Mixture allowed to stand for 90 min,
| Whitar

Pellets collected apd centrifuged at low speed, 10,000 g

for 15 min.

Pellets resuspended in 0,025 M pflesphate buffer (p H 7.L).
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Table 29: Precipitation reaction of an antiserum against en Ivory Coast isolate of pepper veinal
nmottle virus against a clarified sep of the virus inducing mosaic symptoms on pepper

in northern Nigeria,

Antiserum Dilution of sap containing mosaic inducing virus
dilution .

11 132 41:4 138 1n6 1332 164 43428 13256 1:512 131024 1:2048 1:1496 1:8192
TN + + + + - + - + + + + + + +
412 - - - - - - B - + - - - - -
1:4 + - -~ + - + - - - ¥ + = - -
1:8 + + - + + < + - - + + + + +
1116 + - + - + - - - - + + + + +
13832 + + - - - - - - -~ - - + + +
1264 + + - - - - - - + - + - - -
13128 + + + - + + - + - + + + + -
11256 + + + + + + + + + + + + + +
11512 - + - - & + - + ~ + + - - +
4131028 + - - - - - - - - - - - - -
122048 + + + + + + + + - - - - - -
1 34096 + + + + + + + + - - - - - -
1:3192 + + + + + + + + - - - - - -

L}
KEY

+ ‘= Precipitate
- = No precipitate



Serologically related to PWMV and the only isolate of group 5
(PWMB) was serologically related to ™V,

Detailed serological tests conducted by wing the microprecie
pitin test with drops between slides (Noordam, 1973) to determine the
dilution end-point of the antigen and the antiserum titre showed

that all the 27 antigers tested had similar reactions,

Table 29 whioh shows the end-points of one of the isolates also
represents those of the other 26 isolates. The antiserum titre
against the 27 isolates of PMV was found to be wp to 1/81%.
Similarly, the virus end-point was up to 1/819%. However, positive
reactions were obtained up to 1/1028 dilution of the antiserum when
the virus dilution was 1/128. Also positive reactiors were obtained
up to 1/8192 virws dilution when the antiserum dilution was 1/512.
Dilution of antiserum higher than 1/512 when mixed with dilutions of

antigen higher than 1/128 did not give any precipitate.



159

DISCUSSION

Studies on host range, physical properties and serological
reactions of the isolates collected, revealed that pepper veinel
mottle virus is the most predominant virus of wet season pepper in
the northern states of Nigeria, The other virus which was
serologleally related to tobacco mosalc virus was collected from
Pambegue - a tobacoco growing area of Kaduna State. It is there-
fore not surprising that TMV was isolated from pepper grown in
this area, Since TMV has no known specific insect vector, it is
presumed that the virus was picked up by the plants in the
nursery from a contaminated soil., The other isolate collected
from Pambegua was identificd as PVMV, This indicated the
presence of two viruses in the same locality, But their relative
importance in this area was not studied,

A1l the other 27 isolates were serologically related to
an Ivory Coast isolate of FVMV., Except for slight variation in
the physical properties of the othcr 27 isol tos, their dilution
end-point was tetween 10"3 and 10—1*, thermal inactivation point
was botween 60-62°C and longevity in yitrg was more than 10 days (Tables 25-27)J
Similar ranges in the physical properties of PVMV have teon
reported in West Africa by Brunt amd Kenten (1971)., Lana et al.
(1975)e, Ladipo and Roberts (4977) and Subbarayudu (unpublished).




The slight variations in few of the isolates (331, AS,, PAMB,
and K)) could be due to experimental error and/or host variations
at the time of inoculation or some other unknown factors.

The isolates when tested serologically using the
microprecipitin test had similar endpoints., But they distinctly
and consistently differed in their host range., On the basis of
their ability to infect certain hosts, they were divided into

Table 22,
four groups / One is inclined to regard them as strains of
PWW, However, more work needs to be done in this direction,
Many strains of a virus may have similar host ranges, while
others maey differ considerably. McRitche and Alexander (1963)
differentiated strains of TWV by inoculating a number of species
and selections of tomato when they were unable to
distinguish them on the basis of symptoms produced on tobaceco
and tomato, Cook (41967) isolated a strain of PVY from pepper
with specific virulence for each of the 3 pepper varieties
(differential varieties) which were resistant to field strains
of FVY,

Zitter (personal communication) observed host differences
in serclogically related virus samples (such as the situation
encountered in this study) and thought they may be different
strains,

160
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Serological reactions were successfully deuonstrated with
PVMV by Mrunt and Kenton (1971) and Lana et, al., (1975) in agar
double diffusion tests by using sodium dodecyl sulphate to
degrade the virus particles, Similar attempts made in this
study using the Purciful and Batchelor (1977) method was not
successful, This is probably due to the fact that the antiserum
used was preserved in glycerin, If the reaction were positive,
there would have been an o portunity to observe cross-reaction
by means of spur formation, which indicate strain differences.
Antisera to the four virus groups need to be prepared to study
their cross-reactions,

This study clearly show that PVMV is the predominant virus
causing virus disease of pepper in the northern States of Nigeria,
The presence of a number of strains of the virus is a possibility,
A more extensive survey and more samples might reveal the presence of

other viruses that produce mosaic symptoms,



-V, SURVEY FOR WEED HOSTS OF PEPPER VEINAL MOTTLE VIRUS
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ANTRODUCTION

In order to survi¥e a virus which is an obligate parasite
must have & host plant in which it can multiply, an effective meens
of transmission to fresh host plants and a continuous supply of
suitable healthy host plants to which it can spread, Viruses vary
greatly in their ability to infect various species of host plantse
Those viruses which have a wide host range have greater chances of
survival and spread than viruses with very narrow host-range which
survive because their major host is a perennial, their hosts are
vegetatively propagated or because they are seed transmitted,

Pepper veinal mottle virus reported on pepper in this
laboratory has a very narrow host range, the crop is not vegetatively
propagated, the host (pepper) is an annual and the virus is not
seed transmitted, A number of aphid species transmit the virus in
a stylet-borne manner, the disease is endemic and incidence may
be up to 80 per cent by the end of the cropping season, Hencc it
was suspected that there may be certain other hosts, apart from
dry season pepper cultivated under irrigation and fadama areas,
which might perpetuate the virus.

A survey was therefore, undertaken of the borders of
infected irrigated pepper fields to find out if there are weods that

carry the virus with or without symptoms,
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MATERTALS AND MBTHODS
I. ey for weed bosts of
Ten weed species growing around pepper fields (under
irrigation) at Kadawa and Samaru were tested for the presence of
PVMV in them, during the 4976/77 and 1977/78 dry seasons, The
leaves of the weed plants were randomly collected to make a
representative sample of each species, Sap and aphid inooculations
were made onto & susceptible pepper cultivar - L5962-2,
Identification of the virus was attempted on the basis
of transmission, physical properties, host range and serological
studies. The materials and methods used for the above studies

were the seme as those in the last chapter,

FESULTS

I, BSurvey for weed hosts of PVMV
Out of the ten weed species tested, only Solanum nigrum

was found to harbowr a virus (Table, 3y/). Both sap and aphid
inoculations gave positive results, The virus produced a typical
mosaic sysptom. The plants were generally stunted, with fewer
branches and reduced lamina, ILeaves showed bright mosaic with

darkgreen blisters and veinbanding (Plate 24),
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IX. gt-r f the ate
Out of the 30 species of plonts from 5 different families

tested, only 6 species from a single family, Solanacese, were
found to be the hosts of the virus, All the 6 species produced

systemic mosaic or mottling symptoms on their leaves (Table 32),

ITI. Physical properties
The physical properties of the isolates from Kadawa and

Samaru were identical.

The T.I.P. of the isolates was 62°C (Table 33) while the
ailution end point was between 10™+ and 1072 (Table 33 ). The
virus was infective even after 10 days of storage at temperature
26° and 7°C (Table 33).

IV. Serological Tests

Microprecipitin test was employed in this study. The antigen
antiserum
gave a positive reaction to only PVMV but net to the
antisera of TMV, TEV and (MV, The virus titre was 12128 and

the antiserun end point was as high as 438,192 (Table 34 ).



Table 30: Weeds tested for the presence of PVMV,

Weeds

Virus isolated

Solanum macrocarpon Linn,
&hnum ngrum Linn,
EPoysalds micrantha Link

Portulaca oleragea Linn

Vernonia pauciflora (Willd)
less,

Aganthosperun higpidun DO

Leucas martinicensis (Jacq.)
Ait,

Ageratum conyzoides Linn,

Borreria verticilleta (Linn,)
G Fo'ls ey

Euphorbia heterophylla Linn

None
b2l
None
None

None

None

None

None

None

None
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Table 31 Aphid transmission of a virus isolated from

Solamum ndgrun.
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No. of infected plants

Aphid Meon |
1 1T 11T v
Mvzus persicoe 8400 9400 9,00 7.00 8.25
Aphis fabae 8,00 7.00 8,00 6,00 7.25

10 test plants and 10 aphids/plant were used for

each replicate



Solamum nifruu

Table 32; Hosterange of a mosaic virus isolated from

Family and species of test
plant

Type of sympton

JMARANTHACEAR
E;os:_l‘a argentea
Gomphrensa globosa L.

GHENOPODIACKAR
Chenopodiun gmeranticolor
8. guinos Le

SRUCIVER/R

Br ca p.ggegana_ia
B. pentamusi
LEGUMINOSABR

Physeolus vulgaris Peka
" s Imuna

" " Pinto
Viciae faba L.
Vigna unguigulata
Vigna sinensis
Voanzia gubterranez

SOL/NACEAR
Datura stramonium L.

mﬂ&%ﬁ%z
Lycopersicom esoulentum Nill
Nicotiana glevi@landil

N, glutinosa

Ne rugtics

No tabagum ¢y Vhite burley

None

None

None

None

"

"

n

n

None

Systemic
mottling

None
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Table 32 Contd.

Family and species of test Type of symptom
plant
SOLANACEAL
Pgamsun Eﬂk None
Petunia bybrida Vilum. Systemic
mottliing
P. peruviana None
Physaldg floridana Systemic
mottling
B. mcrggtha "
Solanup incarnmum Systemic mottlings &
di stortion of leaves
8. macrooarpon None
Se nigrum L. Blistering & leaf
distortion
S. tuberosum None
COMPOSIT
Zinnea elegans None
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Table 33: Physical properties of a virus isolated from Solanum nigrum.

Thermal Inactivation Point Dilution end point Longivity u.......m.ﬂu.,wﬂo
Temp. No. wﬂwnrw“_.nhﬁ ected Ewémowmm o it 7°C st 25%C
(og) Isolate Rletion Isolate of Isolate Isolate
Samaru Kadawa Samaru Kedawa Doys {Samaru Kadewa | Samaru Kadawa
50 N 4 107 b 4 1 N b N
5 L A 1072 A A 2 & L N
56 L L 107 " L 3 L i 4 L
58 4 L T 2 2 A A L b
€0 3 2 107 0 0 5 L " Lo b
62 0 0 L_-..vlm 0 0 6 3 b L L
6k 0 0 1077 0 0 7 " 4 3 L
66 0 0 Control L L 8 L 4 3 L
68 0 0 9 3 - J 3
70 0 0 10 3 3 2 2
o
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Table 34t Micro-precipitin reaction of an antiserum sgainst an Ivory Coast isolate of FVMV

against a clarified sap of a virus isolated from Solanum nigrum.
Antiserum Dilution of sap containing virus isoleated from Solanum nigrum
dilution 131 1:2 434 1:8 1 46 13132 1364 13128 14 1256 4:512 411024 12048 1:1496 1:3192
14 + + + + + - + - - + - + + +
4:2 - + - - + + + - - + - - + +
%k + - + - - + + - - - - - - -
1: - - - ~ - - - - - - - - - -
1146 + + + + + + + + + + + + + +
4232 - -+ - - - - + - + + - - - +
4164 - - - - - - - - + - - - + -
4:128 + + + - + + - - - - - - - +
1:256 + + + + + + + + + - + + + +
1:,12 - - - - - + - B - B - B - -
431024 + + + - - + - + - - .- - = =
4:2048 - + + + + + + + - - - - - =
4 14096 + + + + + + + + - - - - - -
1:3192 - - - - - - - - - - - - - -
KEY: + = Precipitate, - = No precipitate
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DISCUSSION

Plant viruses are obligate parasites and therefore, must
have a living host plant in which they can multiply seo that
they can survive and spread from plant to plant, season to
season and year to year, Their survival depends on physical
and biological factors and their interactions. An understanding
of the ecology of a virus in a particular crop and locality is
essential for the development of reasonable control measures,

In most obligate parasites such as viruses, the dominant
ecological factors to be considered are the way they spread
from plant to plant and the ways the other factors inf luence
such spread,

Pepper veinal mottle virus is a fairly stable virus,
transmitted by several aphid gecies in a stylet-borne manner,
Greenhouse studies showed that the isclates used in this study
have very limited host range, Practically no other cultivated
crop other than pepper is its host. Viruses with narrov host range
survive because they cre seed transmitted or their chief host is a
peremial, However, PVMV is not seed transmitted and pepper is
generally grown as an annuol,

In the rorthern States of Nigeria, pepper is grown mainly as a wet

season crop. But the disease is endemic and the incidence may be
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up to 80 to 100% towards the end of the cropping season,
Since PVMV has a narrow hosterange, the survival and continuity
of the virus was a perplexing problem.

The survey for weed hosts of PVMV in the 1976/77 and
1977/78 dry seasons indicated that Solanum nigrum from which
a virus was isolated might pley an important role in bridging
the gep between the wet seasons, The artificial host range
of the virus was limited to six folanaceous species viZ:
Sapsicum spp., Petunia hybrida, Physalis floridana, P, micrantha,

Solanum incarnum and 8. nigrum. The concept of host range is
essential to the understanding cof the role of additional hosts

in the perpetuation or establishment of a dise.se (Dinoor, 197)).
Where wild plants are concerned, the hosts are variable populations
rather than uniform entities, and listing botanical species as
hosts, as is done in greenhousc work, does not necessarily mean
that all individuals of the species arc indeed hosts,
Only S. nigrum was found to harbour PVMV in the field (Table 30 and
Plate 24), Although this wced is known to be an annual, it
thrives perennially along river banks (Fadama areas) in northern
Nigeria and hence it appears to be important in closing the gap

between the wet scasons, crops and locations. This is further



supported by the fact that Aphis fabae one of the vaoctors of
WMV was constantly found associated with 5. nigrum,
Symptomless cerriers are also important epidemiologically,
although none was reported in the course of this study. They
may still be a source of constant supply of inoculum in the
northern States of Nigeria, A more extensive study may reveal
the presence of symptomless carriers,

Anﬂ.arnona o ﬁwb.tth 957) and Anderson (4959) observed that
severe damage to pepper plants was associated with the proxdmity
of various weed hosts, They isolated o strain of potato virus
Y from 8, pigrum in Florida.
8imons (19553 1956 and 1957) observed veinbanding virus of pepper
a strain of WY in south Florida harboured by Solanaceous weeds.
The transmission of the virus FVY from the natural weed host to
pepper crop in the field was reported to be mainly through the
aphid vectors Aphis pgossypii and hMyzus Beraiona. The weed
8. nigrum was found to grow throughout the year in garden land
areas and hence it was thought to serve as a potential source of
the virus infecting C. annuum, Harisppan et, al. (1973) reported
S pigrum as an importont weed in the spread of FVY to pepper
erop in Tamil Nadu State in India. De Viijs (1973) isolated
PVMV from indigenous Datura metel in Ivory Coast, Whitam (1974)
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reported eighteen indigenous host specics infected wdth one or
more pepper viruses prominient among which was S. nigrum.

The virus isolated from S, nigrum in northern Nigeria
was found to be PVMV and similer to the one described as
group 4 in the last chapter on the basis of host range,
physical properties and serological reactions, Because of
increasing public demand, pepper is now grown in Fadamas and
irrigetion schemes where 5, nigrum is a common weed.
Therefore, the role of 8, nigrum in the survival of FVMV in
the dry season is likely to increase,

Although the virus was not isolated {rom S. incarnum
and Physalis micrantha laboratory work on host range studies

did show that they are susceptible hosts, The possibility of

these two serving as additional hosts cannot be ruled out as they

were found growing in some of the surveyed areas,

Extensive survey of all fadamsgsand irrigation schemes in
the northern States of Nigeria might reveal additional weed
hos® of VIV,
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ABSIRACT

Studies on the aphid trensmission of pepper veinal mottle
virus (FVMV) revealed the veotor-virus relation to be of the
non-persistent or the stylet-borne type. All seven aphid
species tested were found to be vectors of this virus; Two of
them = Myzus persicac and fysteroncura setariae showed higher
levels of transmission compared with the other five speciess
However, M, persicac appecared to be the most efficient,
Transmission rates increased (but not linearly) with increase in
the number of viruliferous aphids. Fasting M, persicae for
various periods up to 30 minutes beforc acquiring PVMV, increased
the transmission rate, Starving the aphid beyond this period
decreased the rate of transmission. Transnission rate increased
with inerease in the acquisition and inoculution feeding times
but not indefinitely, Fifteen scconds of acquisition and
inoculation feeding times were sufficient for 3, persicac to
transndit the virus, Single viruliferous aphids transwitted the
virus to only one test plant,

Therc was a significant decline in the rate of transmission
with increase in post-acquisition fasting, However, the virus
was retained up to 6 hours by few aphids, Young nyuphs of
M. persicac were significently more efficient than winged adults.
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Out of the thirty varieties of pepper screened for
resistance to PVMV in the greenhousc, only TCaf Lxoxx76 and
California mild were found to be resistant, Under field
conditions however, no variety was resistant, Mony of the
varieties grouped as resistant and moderately susceptible
showed milder symptoms when compared with the highly susceptible
ones, On the whole nine varieties seemed to be tolerant,

A positive correlation was established between the mumber of
alate aphids trapped end the nunber of infected plante in the
following week. Of all the aphids trapped, A. cragcivors,

M. persicae and R, maidis were the wost predominant, Among the
weather factors, only relative humidity was found to have a
significant influence on the number of aphids trapped at various
times,

Pepper veinal mottle virus was the most prevalent virus dilscasc

of pepper in the northorn States of Nigeria during the vot season,
It was found in 2]l the thirteen locations where isolates were
collected vhile tobacco mosaic virus was found in only one
location ~ Pambegua, a tobacco growing area of Kaduna State,
The virus isolates collected in all locations were classified
into four groups on host range basis, but they were indistinguish~
able physically and serologically.



Out of the ten weed species collected from Kadesa and

Sameru irrigation schemes and nfadama® areas during the

1976/77 and 1977/78 dry scasons, only Solanum nigrum wos found

to harbour FVMV, This weed is probably responsible for

the survival and continuity of VMV between the wet seasons.
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Number of alate aphids trapped per week

APPENDIX I

STATISTICAL ANALYSIS OF THE RELATIONSHIP BETWEEN THE RATE OF INFECTION OF PEFPPER
BY PYMV AND THE NUMBER OF ALATE APHIDS TRAPPED IN YELLOW TRAYS AT SAMARU
DURING THE 1977 WET SEASON

Regression equation for the graph Y=16-59+0.30x
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