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ABSTRACT

An intensive survey of O cadulina species in Samaru between
June, 1906 ana February, 1937 reveal ed the occurrence of four
species: Qcadulinanbila. Naude; C sinmlis China; C arachidis
China and C triangul a Ruppel, in decreasing order of preval ence.

C nbila was caught in all the sites sanpled and constituted 65. 30%
of G cadulina populations in Samara. It is also shown that the

femal e G cadulina is always nore abundant than the nal e.

G cadul i na popul ations at Samaru in 1986 built up with increases
inrainfall. The nunbers caught were very low at the onset of the
rains in My ~ June, reached the naxi rumbefore the rains stopped in

Sept enber, and declined sharply at the onset of harmattan in Qctober.

The field survey reveal ed that Samaru had an average of 9.35%
viruliferous | eafhoppers in the field populations and that the
Infective hoppers carried different strains of the virus dependi ng

on the host plants fromwhich the hoppers got infected.

A survey of alternative hosts of the streak virus in Sanaru
and Zaria showed four grass species with synptons of the streak

virus diseases Pani cummaxi numJacq. Brachiaria lata (Schunach)

C.E. Hubbard ex Robynsj Pennisetuu podicellatumTrin. and Setaria

pal | udef usea (Schunach.) Stapf and C E. Hubbard.

Seventeen pl ants were screened for susceptibility to MV and

the follow ng five were synptonatic hosts-. Acrocerus anpl ectus Stapf;

Heusine indica (L) Gaertn; Chlorix picnothrix Trin; Cyperus pustul atus
Vahl and Qyzn glaberrima Steud. In addition, two other grass
species were infected with MsV beside the screen cages used; Plgitaria

adscendens Hern and Leptochloa filiforms (Lam) P. Beauv. Susceptibility
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Vi

under experimental conditions indicates |ikely susceptibility under

field conditions.

This study also revealed that irrigated of f-season mai ze crops
carry the naize streak virus disease. It is thus concluded that
irrigated nai ze crops, and grasses like E indica that carry streak

synptons in the field, and that are susceptible to M5V frommaize
under experinmental conditions, are sources of prinary inocul umfor
the rain-fed naize crops as the virus could survive on themduring

the dry season
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Chapter I

INTRODUCTIONM

Maize, Zea mays L., has Deen grown in West Africa for about
four centuries now. Todate, it is the most widelv grown cereal in
the rainforest zone and the third major cereal. after sorghum and
millet, in West Africa (Fajemisin and Shoyinka, 1976). It is
widely grown in Nigeria and is an important cereal in the economy
of the nation. The crop used to be grown mainly under traditional
farming methods, with attendant noor yields, but lately a lot of
governmental and sciantific 2fforts have been cearcd towards
mechanization and general modernization of its production. On
such national programmes as "Operation Fecd the Mation" (OFN) and
"Green Revolution", massive campaigns for people¢ to grow the crop
(among others) were heseded. The newly established nationally
coordinated programme on hybrid maize production is another effort

being made to improve the production of maize.

The crop is eaten gither as a vegetable, when the fresh cob
is boiled or roasted, or the dricd grains are prepared into a
semi-solid pap. The growth and success of the poultry industry in
Nigeria also depend laraely on the availability of maize grains for

ration formulations. The grain contains 75./9% ‘stsrch, 9.83% protein

and 4.42% oil (Olufade, !974).

Howover the crop is bedevilled with many posts and diseasas.

Maizc streak, which is causad by the maize streak virus (iSV), is

the most important viru: diseas2. It is transnitted by various *
%%
specics of Cicadulina (Yeniptera: Cicadellidac) (Corter, 1953; ,_37/'%_.
Z -
Fajenisin and Shoyinka, 13/6). Thz discase takes its name from 7_,&43
(AR
(f‘_‘ e
the characteristic str.ped pattcrn on the lcaves by the development '5\;ﬁ¢
4‘; s
of chlorotic streaks :1 longitudinal rows with very high yicld ‘2

reducing potcntials.



Maize streak virus (iMSV) has bean prescent in Nioeria for many
yvears but Fajemisin, Cook, Okusanya and Shoyinka (1976) first
reported apiphytotic incidence of the discase in the 1973 second
maize crop in south western Wigeria. Later, scientists at the
International Institutz of Tropical Agriculture (IITA) also
reportod M8V at epiphy..cic levels throughout north-cntral Nigeria
in 1983 (IITA, 1983 a and b). Infection was found to be as high
as 100% cven in the northern Guinca savannah where the maize crop
is a recent introduction. The disease is not peculiar to Higeria
because it has bcen widelv reported in East Africa, South Africa
and other places where maize is grown (Storey, 1925; Rose, 197%¢,

a & b; PFajerdsin et al., 1976).

Maize streak virus is known to be transmicted only by
Cicadulina species (Storey, 1925 and 1928, Storey and #cClean,
1930} . These are grassland species of leafhonpers which are found
most readily on irrigated grasses. Rupoel (1965) observed that
Cicadulina secms to be restricted to moist grasslands in tropical
and warm temperate regions of the world. These small and delicata
insects, about 3-5um in length, are known to minrate from the
grassas to maize crope during the growing season. As they feed,

MSV is thereby transmitted to the maize.

Research on MSV in MNigeria so far included sarveys and
identification of tha WVcctors, the biologv of theo vectors, the
incidence of the disease, non-maiza2 hosts of the veetors and virus,
as well as control measures (Fajemisin and Shoyink~a, 1976; Fajenisin
et al., 1976; IITA, 1980, 1983 a & b, 1984 1 & b; Ekukole, 1985;

Ekukole, Ansa, Ajayi and Sundaran, unpublished; Okoth, 1985; Okoth,

Dabrowski and Efron, 1384).

However, a detailed knowledge of non-mnize hosts of the virus

and the possibilities or otherwise of the existence of scoveral



streak viruses and different strains need to be worked out. While
workers at the IITA indicated that millet and sorghum cannot be
infected with MSV (IITA, 1983b), Ekukole (1985) reported a streak
virus of millet which was scrologically related to MSV. &also

we still do not have a full knowledne of the ecology of the vectors.,

This research was therefore designed to:

1. Survey and identify Cicadulina spuecies in the Zaria area

and relate the population densitics with weather factors.
2. Survey non-maize hosts of MSV.

3. Carry out transmission studies on MSV from maize to widely

occurring grasses in the Zaria area.

4. Survey MSV in native populations of the vectors.



CHAPLEE &

LITERATURE REVIEW

2.1 MAIZE STREAK VIRUS DISEASE

Fajemisin @npublished) classified diseases of maize in Nigeria.
He noted that Puccinia spp. (rusts) and Bipolaris spp. (blights)
were considered the only maizc diseases of economic importance
until about ten years ago when maize streak wvirus disease was

discovered at epiphytotic levels (Fajemisin, unpublished).

The maize streak virus disease, caused by the maize streak
virus (M8V), is not new in Nigeria, though early observation on
the disease had not been adequately documented and reported.
Fajemisin et al. (1976) cited a lot of unpublished reports about

the incidence of the disease in Nigeria.

2.1.1 Historical Records

Gorter (1953) credited the first publication and description
of maize streak to Fuller in 1901, However the understanding of
the disease as being caused by a virus (MSV) is the work of Storey.
From his doctorate dissertation, he published useful information
about the symptomatology and transmission of the disease (Storey,
1925, 1928, 1936 and 1937). Later, McClean (1947) noted the

occurrence of different strains of the virus.

Over the years the disease has been reported in Ghana,
Zimbabwe, Tanzania, Kenya, Uganda, Egypt, Mozambique, Republic of
Benin, Nigeria and even India (Storey, 1936; Fajemisin and Shoyinka,
1976; Pajemisin et al., 1976; Rose, 1978; Ekukole, 1985). Rose
(1978) feared that the diseasc might spread from Africa to South-

east Asia, Australiag and other parts of the world.



v 2.1.2 Symptomatology

Several workers have given detailed symptomatology of the
maize streak virus disease (MSVD). The disease is characterized
by brokea, but almost continuous, narrow chlorotic streaks céntred

TR Tias W 11 i
on secondary and tertiary veins, and distribuctel uniformly over

the leaf surfacae. The parallel chlorotic streaks may partially

or almost completely fuse, leaving irrecular green lines or islands
centred between veinlats. The green stripes vary from a faw
millimeters to several cantimi:.?;z‘s in leaqgth and from J.5 mn to 1.0
mm in width. 1In addition to fl:éaf syma>tons, affectald maiza plants
are shorter, have less vigour as wzll as smaller grains and ears
than healthy ones. The diseasc also cause barronness and Dremature
daath. (Storey, 1925, 19;5,'?&36 AN 95 /4 Stu;aylandlygqigf?,
1930; McClean, 1947; Fajami;in 1._1:.-93._, 1996 Daprowskdi, 1935-_and

Ekukole, 1985) .,

There is ancther yirus disease of nitsc whith is wery closely
rolatad to MSVD. It is called Haize Stripe Virds Disdsso: (MSHUD).

This other virus is transmitte: _s__ol_élv bv Peregrinfis’@midis hshn .

>
Lo

(Hemiptera: Delphacidaz) which Joes not transmit MSV. ~ The cicafiulm.
vagtors of MSV do not tra;;:‘;tff MSpv 'e'?lltliex‘. Moreover, these two

diseases also differ in the symptémjl the;‘-'j.n:iudé‘-.' {li"-in:q:_L;u plants.

The prescnce of sunken depressions due to the streaks ;ﬁflgha mid-rib, ° -

leat sheath, and also vary' éﬁall en=tions along the in?.&éted veins

make the streak disease dintiﬁct“fr'du'tha st.ueo)cy.-qié. oW ¥ &

Antiserum prepared against either of the two wiruses.will nq_t._.:ca’cﬁ e
with the other virus antigen '(!'njemtai.n, and Shqxlilz_?ka,, .19.7‘6) o hy : "_--'- ‘*-7..""
2.1.3 Epidemiology a7y Rl -

air

The report in 1976 of MSVD Gpiphytotic on the second eeagan

crcp of maize in 1973 by Pajemisin et 3l. (197€) prompred sd¥icus

“d



research efforts on maize streak in ligeria. The incidence of

MSVD on cormercial plots in the southern rainfcrest zone of Nigeria
were over 9J percent (Fajemisin et al., 1976). Then the disease

was thought to be restricted to the sovuthasrn rainforest zone of
Nigeria, and that it was probably not a verv important factor in
maize production north of the transiticnal rainforest zone. This
view was however debunked by the workers of the viroclogy unit of

the IITA when in 1923 they reported epinhytotic levels of the
disease throughout northeentral Nigeria. Infection was found to
exceed 75 percent in most places and was often 10 percent in the
northern Guinea savannah where MSVD was Dreviously rarcly seen (IITH,
1983a and b). The erronecus opinion that the liscase was 2 late
season (hugust -~ October) problem has now been corrected as
investigations showed that the discase is also important on the early
season (March - June) crop (Fajewisin et al., 1976; Fajemisin and

Shoyinka, 1970).

rhn‘ipreac of a2 plant disease, and the subsequent developuent
ot’l.-:_z:n eﬁ;i;zhftot:.tc, g.moraj.ly Qepend on how effectively the pathogen
u“.carried! from plamt to plant. The. spread of HSV is influenced
ﬁy factors governing the life history of the vectors. The most
i'imortemt of these are the cli.nén:.d',_ .mvem.-znt of the vectors (migration)

and thoe host plants (Gorter, 1352). :

'2.1.32 Climatic Factors

The effects of rainfall sccem to be the nost important factor

affecting the epidemiology of maize struak. This is 80 becausg of

" the offect of rainfall cn the comlition and abundance of natural

-

hosts and their suitability for supporting widespread breeding

M

populations. It is known thatthe times when t,_t_;?sre were epiphytotic

3

A

i
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outbreaks of maize streak have usually coincilel with high rainfall
(Rose, 1972a and b, 1978; Fajonisin et al., 1976). High rainfall
supports green grasseés on which the vectors feed and oviposit. Rose
(1972a) reported a positive correlation betwecn the total number

of Cicadulina and the amount of rainfall. Researchers are therefore
working on the possibility of predicting yearly outbreaks of the
vectors (and hence the Jdisease) basad on available data and MSV

incidenca records (Rose, 197"a; Ekukcle, 1985).

Changes in temperature during the year have also been found to
affect egg and nymphal development periods, facundity, and longevity
of the fomales in Nigeria. The inscets are less productive in the
cocl periocds between July and September (IITh, 1983b). Storey
{(1928) found that high temperatures, up to a2 maxioun of 31°C favour

infection.

Temperature affects tha movement of the insects within a
field. twhen the weather is cold, the hoppers are less mobile and
conceal themselves within folded young lcaves. But as the
temperature rises, they become more active and, at cooparatively
high temperatures, they are very active, moving from Dlant to plant
at short intervals. The chances of 2 malze crop becoming severely
infecteld are therefore greater during 2 spell of hot weathoer than

during a cold weather (Gorter, 1953; Rose, 1978).

2.1.3b Higration

Dabrowski (1983a) indicated that Juring most of the growing
season the insects are sca ¢e on jrasses, maize, millet and other
cerezls. Population density is hichest at the end of the growing
scason when adults migrata frop older plants onto young seedlings

or grasscs crown under irrigation,
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% “Wigh populations are also found in irrigated cercals, grasses
cultivaf;; as pastures or naturally growing grasses on lakes, river

or waterhole banks. Cicadulina females oviposit only on seedlings,
any maize ficld that is planted late will therefore attract large
numbers of females from older and drier grassaes or cereals surrounding
it (Dabrowski, 1983a). It has also becn obsarved that Cicadulina

are more common arcund the borders of crop ficllds than in the centre.

The adults and nymphs move by frequent short jumps rather than by

flight (Dabrowski, 1983a).

From the several reports of Rosc (1972a and L; 1973a, b, and c;
1974a 2nd b and 1978) on the eccology and populaticon dynamics of
Cicadulina in Zimbabwe, it is known that there is a large flight
of Cicadulina species from drying grasses. The flight season begins
in March , reaches a peak in April/May and then declines until
September. During the flight season, many Cicadulina spp. fly long
distances and cereal crops planted early in the dry season inevitably

become infested with leafhoppers settling to feed.

According to Rose (1978), there are two types of flights within
the leafhopper populations: the long distance flights and the short
distance flights. During the first six months (April to September)
of the Ary season in Zimbabwe, irrigated cercal crops are invaded
predominantly by female populations of long distance fliers. Both
settled cisgg!lina indigi‘uals and streak-infectaed ones are widely
dispersed ﬁﬁroughout susceptible crcops far from breediny sources.
Conversely, short distance fliers seum to be responsible for the
transmission of the streak virus after the end of the main flight

season (Rose, 1973c).



show that the vectors are able to fezl anl breed on a wide range
of nrasscs, including the cultivated curenls anl sugar cane. It
has been Jemonstrated that the jrass strl s aljoining mndze plots
harbour infective hoppars which later corry the virus omeg  the

maize D)ants (Gorter, 1953).
Ekukcle (1935 ) roportod the followan Jjrass species with
typical symotons of marize s streak Jlsense in tne Zaria arex of

Nicerina: Dactylocteniunm aeavotium (L.) P. Boauvy Digitaria

ciliaris (Retz.) Xole; Brachizria l2ta (Schumach.) C.Z. Hubbard ox

Robyns; Elcusine indica (L.) Gacrtn and zagrostis ciliaris (L.)

R. Dr. He also reported the vccurrencae of MSY sympotoms on Dearl

millet, Pennisctum americanum (L.) K. Schum. althouth the team of

workers in the virology unit of the IITR reporte? that nillet and
sorghum cannot be infectel with MSV from maize (Thottappilly and

Zazre, 1983).

Ixonopus compressus P, Duauv., Setaria barbata (Lanm.) RXunth

and EBrachiaria deflexa (Schumach.) C E. Huboard ex Robyns also

carry SV (Rosscel and Habukenya, 1332). Rosscl anl Nabhukenya

(1983) also reported that thoe #SV from £. indica, Thelepogon elegans

Roth ex Toem and Schult anld Srachieria distichohylia (%rin.) Stapf

was transmissible to maize ; but cause? only mnild and mestly
transient symntoms in some varieties and no synotoms at all in cthers.
to maize, nor can MSV be transmittoel from mnize to F. paxinun bDut

Cicadulina triangul~ Pupnel realily transmits NSV from P. uaximum

to F.maximum (Rocssel and Nabukony=, 15022) .

2.1.4 Diseasc¢ Severity

It is known that only a small proporticn cf leafhoppors

migrating from grasses and alighting on maize during the flight



seasons transmit the virus. Some of the leafhoppers are inherently
unable to transmit it (Rose, 19%4a). The scverity of straak discasc,
thazrefore, does not Jdepend so much on the population of the immigrating
Cicadulina alighting upon maize as on the age of the cron a2t the

time of infection. It is generally agreced unon in the literature
that the severity of the diseasac is hichly correlated with the age

of the plant at the tiue of infection (Fajomisin ct 2l., 1376;
Fajenisin and Shoyiaka, 1976; van Rensbur: ant Kuhin, 197/; Rosc,
19742; Dabrowski 1983a and b). It can be sai? that the scverity

of HSV is depenient on a combinaticon of the ability of the indivilual
hoppers to transmit the virus, the Dopulation cf the vectors, the

age of the plant at the time <f infaection and cultural or cultivation

practicos.

Storey (1525) reporteld that one individual Cicadulina mbila Haude

lived for five months and did not locse the power to transmit the
virus Juring the period. Disturbancce of infective hoppers during
cultural practices such as roguing and wzeling have been repuoatedly
reported to enhance the saverity of the Aiscassz, especially since
the viruliferous hopper is forecd to look for a nearby naize jlant
upon the removal of a diseased une. Weeding alsc causes the hopner
to fly arcund instead of scttling Qown <n 2 single plant (Rose 1973b
anl 19743 and by Ekukole, 1935) .- ., In view of these facts,
and the great agility of the adult hepper, the potential of the
individual heoooer to disseninate the virus is considerably high,
and conparatively few infcctive ho’hers woull be syfficient to cowRY
REnEe )
infocticn throughout 2 plot of maize (Storey, 19:5). Storey (1928)
comparcel the effects of single honoers with scveral hoppers together
and reported that the severity of the disease was the same, He

-
concluded that the effect of a ~rouy of hoenpers was the effect of _the
'-u__.‘.

most "powerful” indivilual in the groun rather than the average



effects of the members of the group or the sum of the effects of
the members. He suggested that for infection to occur, a minimal
dosa of the virus is required beyond which an excess produces no

additional effect.

The plant builds up resistanee against infoction as it ages.
While plants infected early may be so severly affected as not to
be able to produce a good yield, those infected just before tasselling
show no yield reduction (Fajemisin and Shoyinka, 1976). Incubation
period increases with the age of the plant (Storey, 1928) while the
percent infection decreases with the age of the plant (Dabrowski,
1983a). All seriocus cutbreaks of stresk have been attributed to
the disease increasing exponentially at an early stage of the plant
growth when they are most suscéptible, and consequently yield losses
are often very high (Rose, 1974a and b; van Rensburg and Kuhn, 1977).
Epidemics of MSV are caused by the sprcad of the virus from infected

to healthy plants within crops (Rose, 1974a).

2.2 THE INSECT VECTORS: CICADULINAR SPP.

Recently, Hamilton (1982) placed Cicadulina in the subtribe
Deltocephalini, subfamily Aphrodinae of the family Cicadellidae.
The genus consists of grassland leafhoppers which range ia length

from 3 - 5 mm (Ruppel, 1965; Rose, 1972a, 1973a).

The adult insects are easily distinguished by their delicate
appearance and a pair of round black spots on the anterior margin
of the crown of the head (China, 1926, 192B; Ruppel, 1985; Nielson,
1968; Dabrowski, 1983a and b, 1984, 1985; Dabrowski and Okoth, 1984;
Ekukole, 1985; Okoth, 1985). Adults are generally cream, yellow or
greenish. The dorsum of the abdomen is marked with black in most

species. The hind tibia are about as long as the abdomen; they are
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curved and have a double row of spines.

2.2.1 Specles Composition !

Although the genus is readily separated from related genera;
the species are fairly similar in body structure, head shape, wing
venation and most of the featurgs of the malc genitalia (Dkoth, 1985).
The genus has been revicwed by Ruppel (1265) and keys for the
sepaxation of some of the species were provided by Pennah (1959),
Ruppul (1965) and Nieclson (1968). Recently, more species have been
described and new taxonomic revisions compiled (Ghauri, 1971;
Kitching, Grylis and waterfold, 1973, Vilbaste, 1976; Hamilton, 1982;

Dabrowski, 1985, 1986, 1987; IITh, 1986).

The female Cicadulina has a long ovipositor which is absent
in the male. 'The blackish ovipositor can easily be recugnised with

the unaided eye or with the use of a handlens (Dabrowski, 1384).

Accoxding to Rose’s review (Rose, 1982), twelve aspecies and
subspecies of Cicadulina are known in Africa and these are C. arachidis

China, C. triagqula Ruppel; C. mbila Naude; C. chinai Ghauri; C. latens

Fennah; C. parazea Ghauri; €. similis China; C. storeyi China; c.

vesicula Ruppel; €. niger Ghauri; €. bipunctata bipunctata Melicher;

and C. bipunctata bipunctella Metsumura.

Some of these species alsc cccur outside Africa. Foy example,
both C. mbila and C. trxlangula occur in Mauritius and the former
also occurs in the Cape Verde Isl~nds (Rose, 1978). €. arachidis,

€. bipunctata bipunctata, C. bipunctata hipuntolla and C. chinad

are found in India and €. bipunctata bipunctata and €. mbila are

also found in the Middle East and other parts of nAsia (Rose, 1982).

Species that have heen described but that are not reported

in Africa include €. funeralis Distant {Seychelles) ; c. fi:iensis
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Linparuwori (Fiji); C. pastusaec Ruppel and De Long {Columbia and Ecuador);

C. tortilla €adwell (Columbia and Peru) and C. bipunctata bimaculata

Erans (hustralia) (Rose, 1978).

The distribution of most species seems to be limited to fairly
large regions within Africa (Rose, 1382). Groups of specles are
common elther to the northern and eastern Africa or western and
southern Africa. Species common to hoth north and south or cast

and wast are rare (Rose, 198%Z).

Recently two new spei&es,lg. ghaurki Dabrowski and C. hartmansil
Dabrowski have been reported to occur over a wide area in Nigeria
and Camercon (Dabrowski, 1986, 1987 IITa, 1986). This brings the
number of species repcrted from Nigeria to eight and that from Africa

to fourteen (Rose, 1978; Ekukole, 1985 and Okoth, 1985).

2.2.2 The Blology of Clcadulina spp.

De Long (1971) has adequately reviewed the bionopmics of leaf~
hoppers generally. Specific works on Cicadulina have heen done only
on & few gpecies. Yyan der Merwe (1926), Rose (1973»), van Renburg
(1982a and b) and Ekukole (1985..) studied C. mbila. Ruppel (196%)
studied the life history of C. pastusae while Ammar (1975) reported
a detailed work on the bioclogy of C. chinai. Dabrowski (1985)

studied the biology and behaviour of C. triangula.

Rosa (1973b) compared the biology =»f C. storeyi, C. mbila and

€. parazea and found that the respective Jdeveloprental periods for
aggs and adults of the three specios were similar. Rose (1973b)
alsc found that the lifessan of males and females of C. mbila

were similar although "van Rensburg (1983a and b) found that females
lived longer than males, a fact confirmed by Ammar (1975) for C.

chinai and by De Long {1971} for leafhoppers generally.
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The biology of C. mbila uncder the nanme Balclutha mbila on

maize was dascribed by wan Jer Merwe (19:6). He found that the

eggs were inserted linearly along the midrib of the leaf. The
incubation period varied betwesen 2 - 12 days depending on the

season and the temperature. There were five nymphal instars whose
durations differed from each other but all wvaried between 3 - 6.2 days.
Tha nymphal periods lasted from 18 to 31 days and the preovipoesition
period varied between 6 - 15 days. One female laid 339 eggs in 36

days and the greatest number of eggs 1aid in one day was 22,

According to Dabrowski (1985), temperature affects the bhiology
of C. triangula. Under screen house conditions, the eggs hatched
in 7 - 11 days at an average Jay temperature of 300 - 35°C and a
night temperature of 24° - 25%. Bt a lower tempernture of ZOQC,
the eggs hatched in 13 - 15 days but the eggs Jdid not dewvelop at
ISOC for up to 35 days. Nymphs developed in 15 - 25 days under
the above screenhouss temperatures but took 15 - 23 days at 350C
and 15 - 35 days at ;?°c while, at EOOC, they developed in 28 - 48
days. The first eggs were lail between the third and fourth dJday
after adult emergence with oviposition continuine *he-aafter for
38 days. Insect longevity wvaricd from 14 to 41 days. The average

fecundity for the whole life of the female was 6.5 eggs per Jday.

From the studies of van Rensburg (1982a) on the effects of

five different temperaturc regimes on C. mbila, the optimum
temperature for development in this species was approximately 25°c.
At this temperature, the incubation period was 8.1 days and the five
nymphal instars had a total 9eVelopmental period of approximately
16.8 days. nt 25°C, 70% of the nymphs reached the adult stage. The
temperature for the fastest development of C. mbila was :8”¢c. The
mean deveclopment period from ego to adult at 28%¢ was 23.5 days and

the sex ratioc was 1:1.83 (male: female) (van Rensburg, 1982a).
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Adult males of C. mbila had an average life span of 22.7 days
while mated females lived for 28.0 days at 28°C. Virgin females
lived for 68 Jays which is considerably longer than that of mated

females (van Rensburg, 1982a).

Females commenced oviposition at 5.3 days after reaching the
adult stage and attained maximum oviposition rate approximately
10 days later. A temperature above 30°C was detrimental to development
(van Rensburg, 198za). More eggs werz laid on the leaf blades of

host plants than on the leaf sheaths.

All the biological studies cited above invclved single
populations of Cicadulina species. Recently, Okoth (1985), Okoth
gt al. (1984); Okcth, Dabrowski, Thottappilly and van Emden, (1987 )
and Okoth, Dabrowski and van Emden (1987) compared the biclogy of
various populations of C. mbila and C. triangula from three climatic
zones in Nigeria; the rain forest (Ibadan); the scuthern part of
the sudan savannah (Kadawa Irrigaticn Scheme) and the Jos Plateau.
The C. triangula population that is used in mass rearing for
resistance screening at the IITA, Ibadan, develcped much more rapidly
than the wild C. triangula population from Ibadan. Similarly, the
C.mbila population from Kadawa Irrigation Scheme developed more
rapidly than the population from the Jos Plateau. The IITA colony

of C. triangula was significantly more fecund than C. mbila.

Z.2.3 The Fcology of Cicadulina spp.

Most Cicadulina species seem to live in grassland (Rose, 1973a)
Ruppel (1965) suggested that the genus was restricted to moist
grasslands associated with lakes and rivers in tropical and warm
temperate regions of the worll. The leafhoppers were most abundant
and most readily collectgg from such places. The only population

studies that have been malc are of C. parazea in Zimbabwe
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(Rose, 1972a and b; 1973a and c.).

Okoth (1985), Dabrowski (1986) and Okoth, Dabrowski and van .
Emdan (1987) reported that Cicadulina populations were 3 - 4 times
as prolific on pearl millet zs on maize, sorghum cr the grass

Digitaria_excilis {Hippest) Stapf « van Rensbur§ (1282b) also found -;i*

that millet was more sultable for C. mbila oviposition than the.

othar host plants (sorghum, maiée,'wheat and oat) which he used?? .

The factors that control oviposition preferences in Cicadulina are
: R "“.J-;'_

not yet known.

In Nigeria, Cicadulina spp; were nost often associated with
particular grasses (Okoth, 1985). In the transitional rain forest vy .

zone (Ibadan), the insects were commonly sampled on Chloris pilosa . jpe N

[

Schumach , B. lata, B. mutica Stapf, E. indica and Digitaria

horizontalis Willd. At the Kadawz Irrigation Scheme, the insects

were commonly collected on Paspalum orbiculare Forest, €. pilosa’ =, s -

and Fimbrysﬁylis dichotonia vahl. while they were associated with

D. excilis, E. indica and Brachiaria sp. at Jos. At tho onsat of.

£

the dry season,lﬂhen_the.grqgses were baginning tb'dfy up, most

Clcadulina wexe sampled on Pennisetum pelystachion (Linn.) Schult

in the Ihadan area and on P. purpureum Schumach along water coursges

in the st area.

Environmental conditions and host p»lants seem to affect the
occurrence_aqd distxibutionlof Cicadulina., 1In Zipbabwe, for example,
high density breeding populations were found in grassas. Rose (1972a)
reported a nositive correlation petween the numbers of Cicadulina
adults captured in suction traps and the amount of rain in the
preceeding few months. He also renoried that the size of Cicadulina
populationsg were dependent on host grasses and seasonal rainsg

(Rose, 1972a).

Sy e
* B
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2.2.4 Transmission of ®treak virus by Cicalulina spp.

Maize streak VAIus (Msv) is transmitted by insects alone and
Cicadulina sop. are the only vectors known (Storey, 1925, 1928,
Storey and McClean, 1932; Fajemisin and Shoyinka, 1976; Fajemisin

et al., 1976).

Several experiments confirmed the ability of Cicadulina spp.
to acquire MSV by feeding on diseasad maize and to transmit it to
healthy maize plants with the production of normal symptoms (Storey,
1925, 1928, 1937; Storey and McClean, 1330; HeClean, 1947;
Fajemisin et 21., 1976; Dabrowski, 1385 anl Okoth, 1985). It has
been shown that the insects transmit the virus from infected plants
of each species to healthy plants of the same species i.e. the
insect might transfer the virus from infected maize to healthy maize,

or from infected sugar cane to healthy sugar cane cte.

The ability to produce the disease is not inherent in the
insects but it is acquirel as a result of feeding upon diseased
plants (Storey, 1925). Experiments have shown that the young leaf-
hoppers, as soon as they begin to feed on a fully diseased leaf,
may acquire the power of infection (Storey, 1928). Hoppers which
fed only upon healthy maize or cane plants were incapable of
infecting a plant with streak disease (Storey, 1225). All nymphal
instars of both sexes might be earrying infection, and the infective
power is not lost during moulting nor passed to the Srogeny (Storey,
1928) . Infectivity is still retained Quring periods of feeding on

resistant plants (Storey, 1328).

heecording to Dabrowski (1985), only 24% of C. triangula transmitted
MSV after an acquisition feeding period of 24 hours. In acquisition
access period of 48 hours almost doubled the number of viruliferous

transmitters while 77 hours of feeding did not significantiy further
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increase the percentage of viruliferous c. trianggla. C. trianggla
females were more effective in transmitting the virus than males
(Thottappilly, Zagre and Rossel, uniublished) . The minimum acquisi-
tion feeding period for single adults was 3. Seconds while the minimunm
inoculaticn access period was 1 hour and the minimum latent period

was 12 to 21 hours (Thottapilly et 2l., unpublished) .

From the transmission studies of streaks of maize and sugar
cane, Storey and McClean (1930) indicate? that there is not just
one streak virus but several. They were of the opinion that there
are different kinds of wviruses or strains of a virus associated
with partigular hosts. Thus tho maize streak is thought to be
different from the cane virus. McClean (1347) showed that there
are two forms, A and B, of maize streak virus. While both produced
permanent infection in maize, the a form was severe while the B fornm

was mild.

Hany species of wild grasscs have been observed in the field
with symptoms of streak liscasc (Storey, 13:5; Storey and McClean,
1930; MeClean, 1947; Rossel and Nabukenya, 1983; Ekukole, 1385;

Ekukole et al., unpublished ),

In Nigeria, grasses such as A compressus, S. barbata,.g.

deflexa, E. indica, T. elegans, B. distichcphylla, P. maximum in

southern Nigeria (Rossel anA Mabukenya, 1933) and E. indica,

B. lata, E. ciliaris Pactyloctenium aegyptium, Dicitaria ciliaris

and pearl millet P. americanum in northern Higeria (Ekuakole et al,,

unpublished) were Observed ywith streak symptoms on the field.

Transmission studies by Storey and MeClean (1330) , McClean,
(1547) , Rossel and Nabukenya - (1383) from naturally infected grasses
to maize produced gariable results. In some plants the typical

form of the MSV was recovered., 1In others the streak induced in the



maize was of a miller type, while in the rest it was not pcssihble
£O transmit the virus from the grass snccies o H8V-sucezptible

maize cultivars.

In a detailed host range stuly by Damsteeqgt (1333) , fifty-four
GIASS spocies were symptomatic hoste of Msy. Cultivars of commonly
arown cereal crops varied in suscentibility, nlthough must Zea mays L.
accessions were susceptible, = fow ware resistant. Damsteest (1383)
showed that all cereal cross tested were susceptible to M8V
infection. Barley, rye and whext Gevclcpcd'streﬁk symptoms similar
to thos: in maize but symptons in rice were narrow Jliscontinuous

strcaks. Twenty-four Sorghum “icoior (L.) Moench accaessions and

four adliticnal Sorghum specics from che woril collection wore
tested by force~-feeding virulifer-us leafhcppers on tost secdlings
in small cages and/cr Dy natural preference feeding in a larqge cage.
Six S. bicolor accessions @eviloped symptonms of maize (Damsteagt.,

1933) . Eightecn accessions of S. bicolor were not susceptible to

“sV infection. P. americqpum, P. macrourum Trin,.g. PUrpueeun
Schumach and scvaral other Jrass spoecies were immunc to MSY infaction

(Damstoegt, 1383),



Chapter 3

GENERAL MATERI/LS AND METHODS

3.1 Source of the Insects
3.1.1 Field sampling

Sampling of Cicadulina spo, on the fields was done using a
im x 1 msampling cage (Plate 1) that consisted of four 1.3 m
iron poles and a dark green cotton cloth cover, cne side of which
was nade of fine transparent netting, The four iron poles were stuck
intoc the ground to cover approximately 1 n; of green grasses. The
poles were then covered with the dark green cloth s; that the
transparent yellow netting side of the cage faced the sunlight.
The leafhoppers and other insects, responding to light, moved from
the qgrasses and dark sides of the cage onto the yellow netting.
The Cicadulina adults (Plate 2) were then selectively collected
using a mouth-operated aspirator (Plate 3). While erecting the
cages, care was taken not to walk on the grasscs from which the
insects were to be collecteld so that the insects did not get
disturbed and thereby fly away. This method has been found to be

effective and preferred to the use of sweepnets (Dabrowski, 1983D).

3.1.72 Transportation of leafhc)ppers to the screcenhouse

The insects caught wer: immediately caged singly on site onto

seedlings of the streak-susceptible maizce cultivar Tropical Zea B

(TZB) planted singly in 13 em (Jdiameter) plastic pots. fThe insects
were confined cn maiz® - scedlincos using Polyvinyl chloride (PVC)
cages measuring 5 cm in diamecter and 25 cm long (Plate 4). The PVC
cages had fine netting at the top and sides for gocd aeration. The

insects were then transporte? to the screenhouse with official vehicles,



Plate 1. The auther (left) and a ficla assistant (richt) Jdemonstra-

ting thouse of the 1 m x 1 m sampling cage used in

sampling Cicadulina s>, in the field.



Plate 2. Dorsal view of an adult Cicadulina mbila Naude




Plate 3. The mouth-onarated

agpir2tor usel in collegting the

Cicadulina spp. durin~ fiel sarhlines,



Plate 4,

The Polv Vinyl Chlorile (PVC) cages usel to confine the

leafhoppers on the seedlings of experimental 2lants.



These insects werc usel for reariny Cicalulina colonies and

to Jeterming the level cf fiell Cicafulina that carry the HSV.

3.1.3 Species Identification

During samnlings aimel at Jetermining speciss cormposition, the
insects caught were transported fronm the sampling git:s usin: lass
tubes which were securely clascd with wocden stopners. Tho stopoors

had their holes fitted with cotton wool to 2llow for zeration,

The insects werc killed in the laboratory sy placing thew in
a freezer for 15-20 ninutes. The froezer was usel Dechusae 1t was
realily at hand and also effective as no nart 2f the insects got
damaced in the process of killing them. Thoe insccts were thoen
separatad into male and femnle sexes using a storeosconic Linoculzx
micruscone. The females were separate’ fron the males op the basis
of the Llackish ovipzsitor of the females (Plate 5). The insects
ware then labelled and sent in small wvials to Dr. Z. 7. bDabrowski

at the IITA, Ibadan for species identification and/or eonfirmaticon.

3.2 Transmission Experiments

A1l biological studies sither in the screenhouse at the
Institute for Anriculturzd Rosoarch (IAR) ; phoatu Bello University
(AiBU) , Samaru or at the Intermational Institutc cf Tropieal
Agricultura (IITR), Ibadan wero carxic out Dy confining insects
cn host seellinos using PVC cacres Jdescribed earlier (Plate <),
Virus acquigition feading by the leafhopoors was toesteld at the

IITA, Ibadan, using 5 » x 4dn x 7 m wooden ¢gnawves (Plate 6) with
L »
-

fine netting at the four siles and the too. All Dlants used for

carrying out experiments a2t the IITO were grown unler iscolation in
LY
large insect—ﬂ%euf cages (Plate /) ocutside the glasshouse to avoid

contamination with “foreign inscces”, 411 maize and grass secdlings
r
L o

- ™



Plate 5. Ventral view of two adult Cicadulina mbila Naude

Left: PFemale with long y4Positor

Right: Male without ovipositer
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Plate 6. A woolen eags used for virus acquisition feeling of the

leafhoppers insile the glasshou
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Pl ate 7.

Large insect--oroof cazes used to shield the experinental

Dlants from ‘foreign inscets’ outsitc the glasshouse,

-
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used in virus transmission work werce left in the insect-proof cagus

for sympton Jevelomment (Plate 7).

3.3 Source of Seels for the Experimontal Plants.

Maizo seclds of the gtreak-suscestillc cultivar, TZE, were sunnlield
by the maize Drezding unit of the IITN throuch Dr. 2. T. Dabrowski
of the maize entomology unit. P. amcricanum var ex-Borno was suiplied

by Dr. Olupomi Ajayi of the Cereals Rescarch Programre, IAR.

Other Dlants uscd, including Sorshum licolor, were collectad

in the ficlds in Samaru and Zaria, anl were ilentifizd at the
herbarium section of the Maticnal Nnimal Production hesearch Institutc

(NAPRI) , LBU, 2aria.

3.4 Source <f Haize Straeak Virus Isclate.

The maize streak wvirus isolate used for the transmission
studies was obtained from the maize breeling fields and Jdemcnstration
plots at the IITA, Ibadan. The isclate wis maintained in young
strcak-susceptible TZB maize scellines in a large cage or in the

open (Okoth, 1985).

At Samaru, Cicadulina individuals wire anacsthetized by putting
them in a freezer for two minutes. Thev were then icked with 2
canel hair brush and put insicc cliv-on cajes, . om Jliameter
(Ekukole, 1285 .). The insects were then taken to 2 farmer's field
oppusite the IAR campus and confined on stroak-infecteld maize leaves.
The insacts were placed on the undersile 2f the leaves to aveil
sun-scorching., They were allowed an acquisition fooding period of
three lays before being transfoerred to TZE malze seedlines in the
glasshouse using PVC cages. This virus was then maintainel in the

jlasshouse during the Ary season. The virus was transferred



successively to young maize scollings as Jescribel above, The virus

was thus obtained froum many Slants using sceveral infected insects.

3.5 Rearing of Cicacdulina s.p. colonics.

Female insects caught f£rom the £icll as Jescribed in Bectiun
J.1.1. werc immediately caged singly on site unto maize seedlings
and transported to the sreenhouse as Jlescribed in Section 3.1.2.
They were then left in the screcnhcuse for threc to four weeks
Auring which they laid eggs and the c¢jgs hatchel. The first instar
nymphs were then transferred to fresh maize secllings to ensure that
they remain virus-frec. Streak-susceptible TZB maize was uscd in
rearinc the insects to detect any one that carriel MSV. Such
viruliferous insects that transmitted the virus to the naize seedlings,
with the Jdevelopments of streak symotoms, were removel from the

rearing cxperiments.

Males were collecteld from each clone and the species were
identified as described in Section 3.1.3. After identification,
clones of the same species were nocled torcther to £orm species

colonies.

Tc ensure faster multirlications, the clones were scrially
transferred to fresh seedlings after threc weeks, while the previous
secdlings were thereafter coverel with 2VC cajes to ensure that the
2g9gs already laid on the scellings hatchel inside the PVC cages and

the nymphs did not escapc.
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Chapter 4

FIELD STUDIES OF CICIDULINA SPP.

4.1 Specics Composition of Clecadulina Punulations in Samaru anl

Kalawa,
4.1.1 Introduction

Rose (1978, 1382) has jiven 2 general Jdoscription of the species
distribution of Cicaduling in ".frica. SEnvironmental conlitions
and host slants arc reportced o nlay 2 bDig role in explaining the
occurrence and Jdistribution of Cicadulins specius (Rese, 1272b;

Okoth, 1385).

Since the literaturc indicates that the environnmont affects
Jdensity anl specles composition of Cicalulina, it seened possible
that species composition woulld wvary in different ccological zones
of Nigeria. /in intensive survey was thorcfore carried —ut to
determinz the Jdifferent Cicadulina specics in Samaru and 3t Kadawa
Irrigation Scheme, Kano State. The influonce of the rainfall and
veqgetation on the density of Cicalulina s> . in Samaru was also

investigated.

4.1.2 Procedure

The following three locations were scloctel in Samaru where

samplings of green grasses were undertaken:

a. IAR Dan, Bomd Village.

D. HMaize fields at the IAR Farm.

c. IAR/Faculty of Agriculturzs complex of ABU campus, designated
"IAR campus"”.
Three sites, about 5) m - 75 m apart, were sample? at each 2f

the locations., Five random samplings were carried cut at e2ach site



every fortnight using the 1 m X 1 m trap caje Jdescribed in Bection
3.1.1. (Plate Z). The insects ware transportel as Jescribel? in

Section 3.1.72. and identificd as Jducribed in Saection 3.1.3.

Samplings were also Jdone twice 2 week at Raldawa Irrigation
Schéme, Kano State, in the months of Janiary 2and February, 1287.
Three different wheat £iells were chosen and Fiftoen ranlon
samplings were carried out in each of the £i:10s per sapnling Zate.
The insccts were alsc transported as described in Section 3.1.4.

ancd identified ag described in gocticon 3.1.3.

The predoninant plants on which the insocts woers caught in
the samuvle sites were collectel, labellel, and taken to the
herbarium section of the NLPRI,. ABU for ilontification. Rainfall
and temperature data for Samaru during the sampling period were

obtainal from the IAR Heteorolagical Unit.

3.1.3 Results anl Jdiscussim

The results of thoe surveys to detcrmineg thoe Jjfferent
Cicadulina soacies in Samaru and gadawar are presentegd in Table 1.
The table shows that therc werc four species of Cicalulina in
Samaru anl its environs. C. M Naude was the mos§ orevalent
species forming 65.38% of the specigs sampled in the threc locations.
C. sinilis China was seconl in abundance (21.43%) followed by
C. arachidis China (3.89%) 2nd C. triangula kuppel (3.30%).

C. arachidis was, however, the prelominant gloecies in the ILR maize
fields while C. triangula was not caught 2t all in the IAR campus.
These¢ results confirm the carlicr finding (Decning, 1381) of the

same four snecies of Cicaduliina in a plot of entton in Sanaru.

The J[ata on the numbers of cach species at each location wero

2
compared using the X analysis. The value of the X7 £2r the specles
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by locatiocns (26.85) was highly singificant (P > 0.721). The xz
values for each of the three locations in Samaru were also highly
significant (P > .01}, inlicatin~ that the tomocsition of the
four Cicalulina species in Samaru was dejpen’ent uson the locations
samplaed. The specias composition Gifferc? Letween the Samaru

locatiocns in 1286.

Only two Cicaculina species, C. trianmmla and C. moila, were
recordel at Kadawa Detween January and February, 1387/, C. triangula
was the dominant species, forming 94.1.%, while C. miila constituted

only 5.38% of the pooulation. The X valuc (33.61) for Kxdawa was

highly significant (P > ’.01).

Table shows that femalc Cicalulina were always Dredoninant
over the awnles in Samaru anld XKadawa. The female houxrs constituteld
57.53% in Samaru in 1986 and 66.7% in £L>22lawa in January - Fehruary,
1987. The x; value for sexes Dy locaticns in Samaru (1.56) was not
significant (P < 2.5), indicating that the liffcront locations 2id
not affect the sexes, owoever, the K: value for the sexes in the
IAR Campus (10.96) anl the total for Samaru (0.042) were highly
significant (P < 2.01), The xz value for the Kalawa lcecation (5.12)
was also significant (P < 0.05), indicatin; that there were
significant differcnces Letween the sexcs at the 14 Campus, Saaaru
as an area, and Kadzwa. There wer: no significant differencas Daetween

the sexcs at the ILLK maiz? fFfizlds and the I8k Dom,

The mean catches cf Cicadulina spp. in Samaru in relation to
the tutal ﬁﬁrtnigh?k% rainfall (mm) 2and the monthly maximum and
minirmumn tumncraturesjfgetwncn May, 1936 and Faehwnnry, 1937, axo
given in Figure 1. Cicadulina spp. were caught on the ficld after

about one and 2 half months of rainfall. The Cicadulina Dooulations

increasel thereafter an? werc highest Dotween August an. Sentember,
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The populations declined sharouly with tha snsat of harmattan in
mid-October when the temeraturc Jdropped to 17.6°C. The temperature
continued to drop until the end of 1936, The Relative Hunmildity (RH)
fell from 25% at the becinning of October to 4% Ly nid-Octoler
(13/11/36) and continuad to He low durine the roncining part of
1336.

With the onset of the rains in 4ay, the jrasses soring up,
and oy the end of June ther: were encucht grein jrasses on the £icld
on which the leafhoppers could subsist. 7The insccts subsisted on
the green vegetation and jood moistures provide? by the rains. But
with the stonnage of the rains, and th: cnset of haruattan in the
first fortnight of Cetober, 1006, the rrasscs Jricd ur and Decama

unsuitable for supporting the leafhoywrs.

The data on the mcan catches of Cicatulina spy. in Samaru in
relation to the total fortnichtly rainfall (o), the cumaulative
rainfall (mm) and the monthly naxisun and miniaun temperatures were
analysed using the linear correlation analysis. The r values ara
presented in Table 3. The r walucs hetween the mean Cicadulina sop.
catches and the total fortnightly rainfall (r = + 0.245), the nzan
Cicadulina spp. catches and th: cwrrwmlative rainfall (r = + C.295),
the mean Cicalulina sup. catches and the ninimun temseraturcs
(r = + 0.133) were nusitive but not significant (P >0.7'5). This
possibly indicates that the leafhonoer opulations increased with

increases in the rainfall and with higher minimun temperatures.

Tanle & shows the predominant slants on which the insccts were
caught. At the conset of the lry season when the Jrasses were
beginning to dry up, most Cicadulina were caught on Pennisetun

pedicellatun Trin. which was the nredominant grass in Samaru at the

time.
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Table 4: Predominant plants on which “icadulina spp were caught at Samaru in 1986

Family Gener a/Species . Location .. .
IAR IR
Dam  Maize Campus
farms
Amaranthecea@ Nmaranthur spinosus Lin. "
Compositae heanthospernur hispidur XC Lok
Ageratum conyzoides Linn. "
Ethulia ccnyzoides Linn. "
Sclerocarpus africanus .ick e: Murr e
Synedrella nodiflora Ga:<tn L
Verncnia panciflora (Wi!.d) Lass hdd
Cyperaceae Cyperus distans Linn. o
€. haspan Linn. g
Fimbrystylis dichotoma (Linn.) Vahl. L
F. pilosa Vahl. e
Gramineae Andropogon gayanus Kunth ek i
Brachiaria lata ( h.) C.E. Hubbard ex e o
B. xantholenca Back ex Schinz e
Chloris pilcsa Schumach i
Dactyloctenium aegvptium (Linn.) P. Beauv. *h bodd bl
Digitaria ciliaris (Retz.) Ko:l *h
D. horizortalis willd. bl e
Echinochlca obtusiflora stapf. *k
Eleusine indica (Linn.) 3acrta b e LA
Eragrosti: gangetica (i «.) steud. *k
E. pilosa (Limn.) P. Bu . Lad *h
Byparrhania rufa Stapf. i
Pennisetu. pedicellatun ‘rin. i we wh
Setaris pe¢lluCefusc: (focwmrach) Ste of. bl ¥ L
Sporobolurs pyramidalis *. Feauv. b e bhd
Malvaceae §ida acuts Burm. f. *e
Onagraceae Jussiaea suffuniticosa L. . ok
Papilionaceae _Neschinomkre sp. .
Gotolaria netusa Linn. L
E&a Borreria zadiata nDC .
= Occurrence of a plant in th: location sampled.




3.2 The Proportion of viruliferous Insects in Natural Cicadulina

Populations.

4.2.1 Introduction

It is known that maize steenk wvirus (MSV) is transmittoed solely
by Cicadulina spp. (Storey, 1325, 1J:8). The insects acquire the
virus while feeding on infected nlants and retain the virus for life.
These vectors are alsc able to foed and breed on a wile range of
grasses, including cultivated cereals. Grass fields could thus
harbour infective hoppers which later carry the liseasa virus onto

maize plants (Gorter, 1353).

A survey of Cicadulina populations was therafore carried out
to determine the proportion »f wviruliferous insects among wild
Cicadulina at the following locations around Samaru: INR Campus,

INAR Maize ficlds and INR dam.

Ge2.2 Procedura

The insects tested in this cxperinen: were also collectel in
2117 surveva as described in Section 3.3g2. All Cicadulina caught
were cagel singly on 3 - 4 days 012 healthy secdlings of streak-
susceptible maize cultivar TZB, using MC cages Jescribed in Section

3lj"l

The cagzd plants werce left in the screen housd at Samaru for
threas weeks for symptom Jevelopment. The jercengyjpe f field infective
Cicalulina individuals was Jlexived inlirectly by €alculgtions from the
number of seedlings streake’ in relation to th: total nuker of
seadlings cazed with insects. The symotonms develobed on tewt maize

scedlings wero also noteld.



The insccts cajed on maize seellings were not removed before o
after the three wecks. The primary interest was the doo
streak symptoms. Most of the inseots die’ Lefcore the final eeamination,
some lail ej77s and the zj7s hatchel within the three weeks, while a
few caged insects survived throuchout the perisd, Insects that survived
Juringy the period, or new clones that Jlev:lopel? anl that were not
viruliferous, were included in raisingj virus-froe colonics of
Cicadulina specles. BRn insect that actually survived the period and
carricd MSV was used in culturinc the virus in the glasshouse by
serial transfor from one maize scelling to another as described in

Section 3.:1.

4.2:3. twsults

The results of the bLicassay to deternine the proportion of
viruliferous Cicadulina in field populations are presented in Table 5.
Lt Samaru, 3.35% of fiel Cicadulina were viruliferous. The streak
symotoms that develoned on maize were not the same. Whereas the
virus transmitted by hoooers from the INF maize farm No. Z showad
typical MSV symptoms on maize, the symotoms causcel by the virus
transmitted by hoopers from the Faculty of Ajriculture arca and IAR
maize farm Mo. 1 showed transient symotoms which aspeared only on
the thirl to fourth leaves on maize seedlings. This is the first
renort that Cicadulina szp. collected from the fiell carried the

different strains of MSV.

4.3. Discussion

This field survey shows that there are four species of Cicadulina

leafhcppers in Samaru and its cnvirons: C. mbila; C. similis; C.

arachicis and C. triangula in decreasing order -€ srevalence. This

confirne the works of Ekukole (1985) who recorded the above four ﬁgy-

- -
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species in Z2aria, and alsc Okzth (1.15) who mx .orged Lhat there are

at least these four sjecies of Cicalulina in i jeria.

From this survey, and the raorts of carlier workers (Gku'cile,
1985; Okoth, 1985), C. mbila scens to Le the most abundant s:ccics.
C. mbila is prevalent in all the widcly separated sites that were
sampled in Samaru. Ekukole (19¢5) also recorded C. mbila in all

the areas he sampled in Samaru and 2aria.

Only two species of Cicadulina were caucht at Kadawa Detween
January and February, 1307.Th@je werxe C. trianjula anl C. mbila,
with C. trianjula beiny predominant. Althoujh the samplings were
intensive - fiftcen randon samplings each in three different wheat
fields, twice a week - scme other species may have hecn missed since
sanmplings were done within eonly two months. One would have expected
an abundance of Cicadulina in Kadawa in the JAry months of January
and Fcbruary due to the availability of moisture and green vegetation.
However it would appear that the vegetation was not vqry suitable for
ovipesition and rapid Duild up of Cicacdulina populatiops. Wheat was
the major crop cultivated and this cro) is less Dreferdad to millet

for oviposition by Cicaiulina females (van Rensburg, 1953p).

nnalysis of the numbers of cach s;ccias at each location, and
of the species by locations using the xi were hijhly significant
(P < 0.01) indicatin> that the compositicon of the four Ciecadulina
species in Samaru was dependent upon the locations samplad.  The
species comosition differed sisnificantly bLetween the Samaru
locations in 1986. Thore woere als) significant differences among
the four Cicadulina specics in Samaru as ~n arca, with a highly

egignificant x‘a value of 17057 (r < 0.01).
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Dabrowski (1986) noted that from throe to six specles of
Cicadulina may occupy the samc area ut si-nificant Jdifferences oceour
in species comoosition between loecations in the sane climatic zone.

He cbserved greater differences Letwecn clingtic zono. Thoe rooortion
of C. arachidis anl C. similis was ncver hichor than 15 ercont of

the total Cicadulina population for 1993 anld 1.7. (Cabrewski anl Okoth,

1984) bhut was higher for the 1305 rrowins scasun in Miveria,

All the four Cicalulina soccies listo? here s cecurring in
Samaru have been reported as vectcrs of the MSV (Rose, 13:J; Okoth,
et al., 1584; Dabrowski, 1928) . C. arachidis showel the lowest

percentage of males and females actively transmitting MSV to maize
plants in comparison with C., triangula, C. mbila or C. chaurii
(Dabowski, 1906). Intraspecific differences in 1SV transmission
exist Letween populations of €. mbila and UL trianculs oricinating
from various ecolojical zones in Nijeria Lat the diffceronces between
the wvarious species are much largjer than thoe intraspecific

differences in MSV transmission (Dalbrows' . 1 ).

This survey also shows that the {cmale Clcadulina is 2lways nore
abundant than the male in Samaru irreghective of the location where
samrlings were carricd out. nnalvsis of the nurbers of the sexcs
Ly locations uging the X ®BOWed thae the Jifrferent locations 2i2 not
affoct the sox ratis, as the X waluc (1.53) was nat statistically
significant (P > 0.5). This is the first survey that showed that
sampled.

C. triangula females have been noted to be more cffective in
transmitting the MSV than males (Thottan.dlly, Zajre and Rossel,

unpublished) . Since tha {emalcs are always more abundant than the nales,
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the cfficicney of MSV transmissicn in the field within 2 3ccics

nopulation is greatly enhanced.

The four species of Cicadulina werc cauht on the jrass ficlls
near the IAX Dam in Samaru. The Jdam Lank can thus e viewel 2s a
breedin ; site from wherc the insects can nijrats to »~ther fielads.
Since there are always pockets of jreen rasses near the dam, even
durin; the iry and ¢cld harmattan, comsideration shcoull Le jiven to
the influence of such Dreedin sites in the survival of the insccts
during adwverse conditions, and in the epdlemicloov of maize streak
virus. wvan Rensburg and Kuhn (1377) su:ioste? that 2 succession of
grassaes or crops that are suitalle as host Dlants is necessary for
maintaining high wvector population densities. This lam seenms to
nrovide such a succession 2f grasses and may he the source of some

of the Cicadulina that transmit MSV to mnize in the Samaru area.

From November, 1326 to the ond of the samline weri 1 in February,
1387, no successful sampling was Jone at the Tam Lank becuase it was
floodel an® most of the grasscs were subr:r .. The farmers in thc
nearby villace set flelds on fire luring the cultural dry-season oush

burning leavin: only crasses thht were submerged in water,

Sam.linj for leafhonpers within nmaize fiells was futile anl
successful samplings were lone only on jrass striys adjoining maize
plots. Sanplings on very youn naize secllings were also unsuccessful
orobably Jue to the alisence of weede which woull octherwisc have
supportel the insect populations. However the maize streak disease
showad on the crops later, indiecating that 2 few infective Cicadulina
might have got into the fields te infect the crovs. Ekukole (155)
noted that although he could not et 1ny_g§5393££23 s . in the Wusasa

area of 2aria in 1333, the maize streak virus disease was ohservedl,

indicatinj that the leafhoplpers must have fol on maize plants and moveld
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to other ar.as, Dabrowski (1,.32) also inldicate! that luring most

of the growing season,; the leafhoppers are scarsa ;rasses, maize,
millet and other cereals, and th~t po ul-ti w lcisity is hichest at

the end of the growing season. unpel (1265) stataeld that short flihts
of C. pastusag are the rcason for the (roater incience »f tha disease
around the DLorder of field crops. The alults anl nynphs move by
frequent short jumpys rather than Ly flijht (Oabrowski, 12533a) and
comparatively few infective hcppers woull Le sufficient te carry

infection throuchout a 2lot of maize (3torey, 19:5).

Samplings within the IAR Campus showad that there were lifferences
between sites in the number of Cicadulina cau ht even thoujh the
vejetation at these sites was similar, Very hih numbers were caujht
at the Faculty of Ngriculture Laboratory buildings while only 2 few
were caugjht on the crasses in frant of the screenhouse. These two
lawns 2re se.arated by the Fool Science and Technology Rescearch
Programme building. £&lso zeru counts were consistontly recorded at
the field beside the hgricultural Ixtension and Research Liason Services
(DnERLS) while successful samplings were maie in the nearby @Qntral
Stores and College of Agriculture areas. Since the populations at
each site were »Drobably started Lv a few inliviluals alijhting from
long~distance flichts, it is peossille that thoeir movement away from
these sites was restricted by the buildings which Jdelinmited the sites
from each cther. ildsc the availabllity of groen, succulent veqgetation
may have reduced the nead to disperse from the places where the insects
first cot settled. Thus while there woull Lc many of Cthe insects at
some sites, there may be virtually none in other sites if no lon -
distance flicrs had settled on them. Dabrowski (1946) indicatel that
E%EEEEE}EQ adults tenl to aggregate on youns Srasses rather than on an

extensive area of mailze, pearl millet or sorghun.



e surveys for viruliferous Cicadulina in field Dooulations
show that thc grass strips adjoining mhiz. 71i.17s harbour infective
hoppers that carry thoe maize strain of the stro-k wirus. This is
in anrecment with the remort of Gorter (1J53) wh- lemonstrated that
k255 strips close to maize fields harbour infective hoppers and
recommendad a bare lanld of about 10 m wiilc wound maize plots for

the control of maize streak virus liseasc.

Infeetive hoppers in the field earry the Jlifferent strains of
the streak virus depending on the rass from which the bhophers got
infected. Table 5 shows that whereas thoe virus transamitted by
hoppers from the IAR maize ficld No. © clicited tyoical M3V symptoms
on maize, the ones collected at the IRk Campug, Paculty of Agriculture
Laboratory building showed differcent symotons consistuntly, The
symptons were transient and showed first on the third leaves anld some
upper leaves of maize seddlings. The infection was not truly systoemic
as the symptoms disazneared com,letely in lcaves that formed later.
As it will De indicatcd later in Sectiocn 0.3.. surv v of the grasses

in the area revealed two grass s ccics with stroag symotoms: P.

pedicellatun and B. lata,. This is the first survey that showod
that viruliferous gicqgulini g . in fiell oalations carriel the

different strains of the virus Jdevendin: on the host lants.

in averace of J.35% of the Cicalulina caucht in Samaru were
virulifcrous. The ranje of ) -~ 15.39% is comparablce to the © -~ 11.50%

reportel by Okoth (1085) for Nicerin.

The linear ccorrclation cocfficients Letweon the mean Cicalulina
sp. catches and the total fortnightly rainfall (r = 0.215), the
cummulative rainfall (r = C. Y5) and the minimun temperatures

(r = U,193) were positive but not significant (P > 0.95). These

srobably inlicate that the Cicxlulina ropulations incroase with

hisher rainfalls and hisher ninimum temperatures.



With thc onsct of the raians in ilay, thoe [rasses sorin; up, and
by the end of June therc were enouch reen 'rassee o the fiell on
which the leafhcoppers could subsist. Conovilly che porulation size
for oviposition and feedin (Dabrowski, 12°8) and these are

influenced Ly weather conlitions,

P Stagrnetacas

September in all the samplin: sites in Samarun Jurins 1906. The
population declined sharply with the onset ©f the harmattan. The
coldness, low Relative Humidity, and winliness durine the harnattan
reriod, coupled with the tou hness and Jryness of jrasses scem to
accocunt for the low counts of leafhopers Jduring that ocriod of the
year. By huTust, the grasses on which thos: insocts sulsisted were
fully matured and becan to sencsce a few wecks later. Dabrowski

is hichest a2t the end of the ,rowin  season vhoen 2dults migratc frem
oller plants onto youn: seecClings cr frasszs ~rown under irrigation,

rose (13732, 19738) showed that Cicadulina s

5
e e -

. wesin their flight
when the -jraeses are Jdryin: up. Maturin:' host Dlants boecome

laying cyys wefore leaving (Rose, 1373a), The extreme windiness of
the north-easterly harmattan win? would probably 2il the lon listance
£lisht activity of Cicalulina frem the Jricr north t. the wotter
gsouthern part of the country. ICven within the north, there would be
short distance flights from the Srier fiells to the wet, lowland
"fadamas" and irrigated ficlds where moisturc and suitalle grass
hosts arc ~vailable. The ccll weather immolilises the insect within
fo1ded youny leaves. The insects 2re less proluctive in the cooler

vericds between July and Seutemuer (IITR, 1903L). Okoth (1238) also



nuoted the cffects of this stron;, Jdry harmattan winl which iIs often
very hot during the Jday and very cold _urin: the nijht. It scems
that the insccts are carriod in the lirsetion of the wind, anl alicht
on suitable green vesretation con their oaths. The effocts of the dry
harmattan wind anl moisture - laden south-westerly wind need to b
thorouthly studied as they may te carryin  infoctive vectors of
maize streak. Also irricated 2lots and “Zadamas" may Le plaving
important roles in the esidemislocy of the maize strock virus diseasc
as they could provide survival sites for the insects Jurin thoe
off-season, Okoth (1485) reporteld that there were infective
Cicadulina throughout the year in Niceria (execont Decenber), in
Ibadan (in the south-west) 2nd Xalawa Irri ration Schome (in Kano)

where he ssmioled.

This fielld stuly acrces with the roport of Dabrowski (1936) who
incic-tol that Cicadulina leafhoppers were scarce on jrasses, maize
anl pearl millet during most of the rrowin - season in Nigeria, He
collected the highest numbers of lcafhos ers (3. - 136 akults oer
squarc meter) from the followiny grasscs towrr. the ond of the rainy

somgon: Digitaria; Brachiaria, Elcusin., “onnisctuiz anl Polystachion.

The Jdensity fell projressively Jdurin, the lry season and was low even
on small irrijatel areas covared Ly malze or oroferral speclos of
grasses. He asscrted that the strong, dry, anl! c¢ul?! hairmattan winlds
from the Sahara affccts the Cicadulina <~ oulction in the Guinex
gsavannah anl some oarts of the rain forest. Gonerally, the
aopulation size was Qetermined Ly the avail=idlity of youn, crasses
for oviposition and feedin; Hut weathoer conlicions nulify those

relationshins (Dabrowski, 1226).



Chanter 5

FIELD SURVEY OF LLTERMATIVE HOSTS OF TAL LATEE STRELK

VIIUS 442 THE MODE OF SURVIVLL OF [HI VICUS DURING THE

DRY SEASON

51 Introduction

Many species of will jrasses have Leen coserve’ in thoe £iell with
symphtoms of streak disease (Storey, 19.5; Sturey and “eClean, 1339;
plcClean, 1347; Raossel and Mabukenya, 12013; Bkukcle, 1265; BRukole
et al., unpublishel) . CGrasses with stronk gymptons are thou ht
to be important in the e ilomiolory of the maize streak virus Jiseasc,
agpacially when straaks fron such rags.as are transnissille to
malze. Lose (1978) oresented an _xtensive review of rasses and crops
that rhow symhtoms of streak and claimed that it is possille that
% sourc. -f the wvirus exists in 7rasscs. Stevains <€ streank virus
naturally occurrin: in Eleusinc nd Spox. o lus eeses oroved to De
hichly pathovenic to exortic maize when this wis intry Jucel G
nfrica (Bock, 13/4). Transnissicng from naturally infoctel ~rasses
to wodize oroduced varianle rosults (McClean. 1947; Rossel and
Nebukeny=, 1933). Thoush the streaks arc usually sorologically
related to malze streak, thoy are not ususlly transaissinle fron

Jrasscs to naize.

Ekukcle (1325) reportel five <rass s :cics n’ wearl milict
in Samaru and Zaria as showing svaptoms of streak diszase. L survey
was therefore conductol to iluntify norz orass gpecics anl cultivated
cereals that ar: naturally infocted in the fizll., The survey was
Jone in the dry scason of October, 1926 to Foorusry. 1907 to Jdetermine
the possibility of the virus surviving the Jlry orio? {n  uch jrasscs

and irri-ated cereals.



Bt Pracecure

The sites mentionael in Sectiom d.1.1. werc cn-yeyed for
alternative hosts of the streck virus. olanus ht shuwc’ ASVD -
like symotoms were ccllocteld, 1abelle? anl tiken ©o the herbariun
scetion of the Naticnal fnimal Srofucticon sescarch Institute (HAPRI),
LBY 4 for ilentification. & sinilar szarch was mate during the dry
periol for irri-ated cereals or volunteor cereals that show che

symntoms of MSVD.

5.3 Rcsults
5.3.1 Survey of alternative hosts

Grasses that showe! symptons similar o those inlduce} Ly the
gtreak virus Jdurin; the 1 56/37 Jry seison in Samaru are presentel
in Tasle 6. Four yrass specics showed Hev-like symotons in Samaru
urin; the 1396/C7 Jry scason: T. maximun, B. lata, P. pediccllatun

and S. pallu@g:fgggﬁ.

5.3.2 Survival of HSV durin; thc Iry season

The search for MSV on irrijatel cerenls Jurin; the Iry scason
rovealed that irrijated maize with SV sy tous were seen around the
Galn~ miver in Zaria in January, lJo/. wha author a2lso trawvellsl to
fla%an in the transitional xoinforest zone anl £oun'l that owver 75%
of irri-ated maize along river courscs ha! 45V Zisease in Feoruary.

1997. This is the first report in Mmiseria of 1SV cccurring in

irricateld maize cro s.

5.4 Discusaion

The survey carried out ‘urin_  the ‘ry seassn hetwoen Octooer,
1456 and February, 1247 to ascertain the wssile means of survival

of th_ 3v Jurins the Jry scason and thae possille sources of stronk
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'fabile 6. Grasses with streak symptons in Sanaru and Zaria Letween

Octcober, 1386 and February, 1237,

Grass Leeation
1. Panicun mximun Jacg Gnln: tiger, Zaria.
2. Brachiaria lata (Schumach.) - IA4 Camrwas, Faculty of
C.E. Eubbard ex icbyns Ajriculture uillin: area.
3. Pennisetum pedicellatun Trin. - Ik Chmous, Faculty of

Aoriculture Luilding area.

- Ihi Dang sutar cans farm,

4.  Setaria palludefusca (Schupach) - IAR Dam: su nr cane farn,

Stapf and C.E. Hubbard

i S

inoculum for the new crorns Juring the rainy s:zason ilentified four
grass species that wore naturally infoctol with streak virus in

Samaru and Zaria. These werc P. maximum, 3. 1ata, 2. pedicellatum

anZ 8. pallude-fusca. Only B. lata has Loeen reported Lefore in
northern Nijeria (Ekukolc, 1205); whilc P. maximum has Leon reported
in south western Nigeria ({fosscl ~nd Ualukenya, 19833 Thottappilly
and Zacre, 1323). 2. pedicell~tum anl S. wallude-fusea arc roported
here for the first time in Nigerin.

The prescence of streuak on a grass Jloes not necessarily bosc
a threat tc the maize industry cxcet if tho virus strain is virulent
on maize (Thottappilly, porsonal comrmunication). From the

transmission studies with infective hoopers collected at the Faculty

of foricolturce Luilding area, vhere B. lata and . pedicellatum were




observel with stroaks, the streak virus on those crasscs was not
very virulent on ncize, as it incitel cnlv» nil? treesient symptons

on the MEV-suscentilile maize cultivar T35,

It is however ajparent fronm this stuly that the streak virus
survives the Idry scason in rasscs,. anl that these crasses could La
sources of srimary incculum for the noew maize crop. The virus
could also survive the Jry scason in rhizomes f the crasses (Ajayi,
persontl communication) and De readily availall: when the rhizoaws
produce new shoots. This needs toe Le investirated further. dore
work alss needs to Hhe lone un the lifferent strains of streak virus

ocecurring in ¢grasses so as to jet 2 ucre accurate knowledse of their

effects in the epidemicloyy of the maize streak virus Jiseasec.

The report here of the presccence of MSV in dirrigatel maize
durins the dry season also gives 1 clue tu the question of survival
of the virus Jurin: the dry season. Although irri mted ccreal crops
have earlier Leen implicatod with the survival f ths wvactors Jduring
off scasons (Rose, 1072; Dabrowski, 1923a an’ ) this is the first
report of the virus surviving; in irrijate” mize crops in Wijeria.
Althoujh stroeaks survivin; in grasses may "r mzy not be virulent on
maize, thus the grassces may -r may not Las innortant sources of
primary inoculum fcr the new aaize cro, thesc infected irrigated
maize crop.s are apoiarently major sourccs of the virus that infects
the now eros.  ILeafhoppers on such irrdjatced fiells arc likely to
be carrying viruloent strains of the virus. The influence of the
River Basins, "fadamas"” and commercial irrigatel farms on the
survival and epidemioclocy »f the discasce an? the vectors needs to

be thorouchly studied.



Chapter 6

SCREENTNC OF DLANTS FOR SUSCEI 'INIT'IY ©  MATZE STRELK

VIRUS DISEASE

£.1 Introduction

Aaguate knowleldrs of the host range of 1 Ddsease jrathogon is
indispensable for the proner wanacgement £ the disease. While nany
prasses have bDeen found naturally infocto with strosk virus, the
streak virug oxists as a groun of relatel wiral straing that has
beecoms hust-adaptaed in several graminacuouus soacics (Doamsteest,

1323),

In addition to surveys for gJrasses that carry stroak virus in
the fiell, vulaerability of native annual and Jerennlial wild plants
to MV under the controlled environment of screenhouses is thought po
2 of aridemiologieal sionificance. in experiment was thus carried
ot o scrueen Jrasses that are comconly Sfound At Szamaru and Zacia

areas for susceptibility to the maize streak wvirus.

6.7 Procudure
§...1 Collection and identification of slants

Hature plants woere ocllected between October and Hovemboer, 1936
in ficlds and farms at Somaru and @ariy. Thoy woere labelled and
fakaa o th: horlariun goction of the 00T, LBU for idantification.
They were then takon to the IITA, Ibadan whers the transmission

studles werc carricd cut.

6.2.2 The Insects usadl

A virus-free C. triangula ccluny that is maintained in the
Jlosshouss of the IITh for noize streak rosistance screening was

aead zheougbout the sxneriment.




Sets of 50J-607 C. trianjuly were collected using an
clectrically - orerated asyirator (D-vac which operated like a
vacuum cleaner) Lrua the above virus~fr: IIT ¢ 1y (Dabrowski,
1983b) . These were then release! ont: four wocks 14 MSVY - infoected
maize plants inside wooden cajes (Plate ). The infectel maize
olants were collected fron the IITA Jenmonstration lots. L1l the
lower jreen leaves on the nplants wore raaoved,. leaving the heavily
infectaed leaves for the insceis to feed uoon. The insacts were

allowed an acquisition access oeriod of at laast three days.

B.2,:3 Handling the leafhonpers

The leafhoppers werce taken from the acquisition feedino wooden
cages by covering the caje with dark green clothing as descriled in
Section 3.1.1. and ecllecting them from the light pancl with a
mouth~onerated aspirator. The insects were then transforrel from
the aspirator to PVC cages Ly putting the open end of the jlass
tube used in the aspirator onto tha PVC canes and jently taoping
and blowing with the mouth. Lnzesthoetizing the insects with carlon
dioxide was not used bLecausc it weakens and could kill the insccts
{Dabrowski, sersoal communication). Thus, 211 the insccts were still

alive and active Ly the time they were caced onto the plants.,

6.2.4 Inoculation of the Jrasscis with 1SV

Thirty-five diffcrent lant shecies were ecllocted as described
in Section 6.2.1. 2nl plantel 2t the IITA in 13 enm (5 inches) plastic
pots and then transp;lanted in twes into 13 en {(diamcter) pots at the
2=3 leaf stage. Ordinary s—il that was not sterilizel was used,
because the soil sterilisin, wmachine of the IITA was not in good

order at the time of the experiment.



The H(lants werc inoculated at the "-3 leaf staje with SV using
infeetive C. trianjula., Since the test Dlants jorninated at

Gifferoent rates, inoculation was carric® out on ldfforent Jatos.

Three insccts were cajed Der sea’lins using The PVC cajes Jdescried

f..

@arlier anc there were twe sezdlings wor vt (Jlate 3).

The seedlincs werz then ket in insect-orocf eaces (Plate 5)
for three days, giving threc :davs inoculation access ooric, The
seedlings were then remowel from the insect ~ xoof eajes, taken
to a nenrly f£icl? where the IVC caes wore ruswva and ths insects
releascd. The scedlings wer:z then soraye! with 2.1% Dinetheate
(Rogor) and NPX fertilizer was a.liel to the soil. The secdlings
were returnad to the inscct-Lroof cajes and olscrved for two to

three weoeks for symptom development.

5.3 lwesults

0f the 35 differcnt plant species 2lanted, 17 gerninatce” within
the experimental period of three months. Thoe rosults are Jrcscont:od

in Table 7. Pearl millet, P. americanum ans cultivatel sor_huu,

3. Lieolor wexre not susceptible to MSV., . cultivatel rico soccies

Quren Jlaborrima, eollected from a farmer's field in rFalladan, sariz,

was susceotisle to SV (Plate 6). Other ‘lants that provel suscoptinle

to SV were B, 1_!_1‘.‘.103, _g_l_a}oris odencthriz Trin., Cyoerus pustulatus

Vahl. (Plate 7) 2nd acrocoerus xyilactus Scans (Blate 7). The streaks

on E. indicz werc fine Jiscontinu.us oass siailar to those Jdescribed
by Ekukcle (1335) . while the othor plants anl tyoieal syu btoms of M8V,
with hleachin~s of leaves which indicatel soverc infoections.

Two species of Panicun, [. maximua and . lactu Kunth, were

- —————— ——— e — Rae

not susce tible tc the streak virus fron maize 2. < licellatun,

& oroholus helvolus (Trin.) Dur. anl Schinz, Hy arrhenia rufa (idees.)

Stapf anZ §. palludefusc: which are the predominant jrasses in 2aria

could not e infecta? with [1SV.
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Diseased slants: No,

Plate 3, Oryza slaberimma Steud

S ————



Diseased plant; Mo, 23 Tefk Ra~rlthy plant: o, 298 izht

& Plate 3. Cyverus gustulatus J/ahi.




Healthy plant: No. 12C Left Diseased plants: No, 12

Right

Plate 10. HAcrocerus amplectus Stapf.
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spacies
TWo jrasslgrowing Yeside the insect-nroof gages were secn with

symptoms of streak virus 4disease, Thay rere uprooted and taken to
the Weed Science Section of the IITL where thoy were licntificd as

Dijitarin adscendens Hern (Plate 11) and Loptochloa £iliforids (Lam.)

5

P, Doouv. {(Plate 12). There wera three plants of L. filiforuis
that showel the streak symptons. apparently thege ¥Issss wars
infected from viruliferous C. trianjula thzt niht have escaged
durinc the experimgnt. This is the first renort that 2. adscenlons

and L. filiformis ara susceptible to M3V, The typical symptoms

of MSV on waize are shown in Plates 13 and 14,

6.4 Discussicn

Screzning of grass specics for susceptiszility to M8V in maize
was tlourht important as thess Jrasses ars reucrited to harbour
infective hooners and the streX  wirus (Gorter, 1353; tose, 1379).
Howevar, the prescence of streak symotoms on a orass in the field
Goes not necessarily pose a threar to paize sines not 2ll stralns
of streak virﬁs can be transmitted to  rpoizy (Thoettapilly, oereaonnl
communicaticn). Grassas that show streak syootoms in the field
may nct be susceptible to the maize straak virus strain. This
study shows that although the following rrass snecics, and pgearl
millet have Leen reported as carrving streak svomptoms, thay are
not susceptible to 1SV from maize : D. aegyotun (Bkukole, 133505

unjblished)
Bkukole et al,, / T3 P tmaximun  (Rosasl and Meoukenya, 1363;

Thottappilly, personal commuinicaticn); Setaria soHp. (Fajemisin anl

Shoyinka, 12976; Possel and Mabukenva, 1333); P. pedicellatun and

B. lata (Clojede, present repocrt, Saction 5.3). Secaunse these
grasses could not he infectel with #8V, the virus strain may not
survive in them and they may not De ingmrtant in the etiolozy and

epidemiclocy of maiza streak sirusg discase.



Plate 11. Dicitaria

adscenlens Hern.

Plants infocted with maize

streak wvirus



Plate 12. Lentochloa filiformis (Lam.) P. Seauv. Plants infectad

with maize strecakvizus.



Platc 13. Fully streaked ZJea mays L. CV. TIP -gaowin: the typical

symptoma of MsvD,



Hzalthy plants: No. 40C (Laoft)

“iseasi? nlant: we. (Light)

Elate 1:, Tybical nmaize streak yirus ‘Isease symztons in maize.
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On the other hand, susceptilility of ~ jrass speeices or cereal

crow unler experimental condlitions indicates likelv susceptioilicy

under field conditions. 4. amplactus; L. inlica, C. Li._g_n_g_tgg_‘._a_:_,
C. pustulatus and 0. 7laborimma ldisted in T2l 7, U. alscenlens

and L. filiformis which arc rcoortoel hore s suscoptiole to MaV
under scrceenhousce conlditions are thoerefore otential hosts of M8V
in the field. For instance, the symi>toms induced on E. indica

under experimental conditions werc similar tc those reported earlicr
in the field by Ekukolz (1395 ). Tk¢ ~rLundance of such plants

in a locality anl their »rescence Curing the dry season coull thereby
have significant <¢ffocts on the epidemivlogy of MSV. The fact

that these ~rasses form rhizomes can aggravate the problem as the
virus can surviye in the rhizpmes Auring the dry season when

the shcots arc dried cr burnt (Njayi, sersonal communication).

s new shoots soring up with the onset of the rains, these sources
of primary inoculum would Le in the fiel? for insects to De infected
with. The grasses are usually in the ficld carlier than the crops,
and could thus maintaine bctb\the wvirus a1l tha vectors Driar to the

pPlanting of madzc

This study shows that [I15V, as it occurs in naize, was not
transnissible to pearl millet . awmericanum, cultivated sorghun

§. bicolor and a grass ¥. selicellatun that is abundant and widely

distributed in northern Nigeria. The revelation that these plants

and ctheors like S. helvolus , 5 . oallule-fusca, H. rufy,

——

Echinochloa spz. and T. elecans (that are very orevalent in northern
Nigeria) are non husts ~f MSV strains in maize is comforting and
indicates that the host ranie of ISV is pesglibly linitcl to  fow,

sparsely distributed plants.
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This study is in acrees#nt with _revicous reports that ©. maximun
is a non~host of MsSV (Rossel and Mabukenya, 1903) and that sorshum
and millet cannot De infected with the virus (Thottappilly and
Z2arre, 1983; Damasteect, 1073). Reports Ly Ekukcle (1225) that
Jearl millet carries gymptoms of HEVD may indicate that penrl
millet is susceptible to som@ strains of the streak virus that
are in the field. The imvortance of stroaks on millet in the
epidemioclogy of MSV depends on whethor MSV is transmissille fron
maize to millet or whether the millet strain of the virus is

transmissible to maiz€ (Thottappilly, sersonal communication).

Grasses like E. indica that arc froquently cncountered in
the field with strexk symtooms (Rosscl anl Nabukcenya, 1303; Ekukole,
1985 and Ekukole et al., unpublishcd) and that are Jdemonstrated
to be susceptible to MSV frop maize are of immense importances in
the epildemioclogy of maize styeak virus discasc. Such gragses
could serve as 2 means of survival- to “oth the virus and the
vecteors, and their eliminatblon from majze fields should be a
major aspect in the integrated control of the maize streak virus

Jdisease.
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Chapter 7

SUMMIARY  Aois  COLICLUSIONS

An intensive survey of Cicadulina snecics in £amaru Letween
June, 1336 and February, 1327 ggyeale? the occurrence 0f four

species: Cicadulina mbila Naude; Cicadulina similis China;

Cicadulina arachidis China 2nl Cicalulina trianjula Rupoel in

Qecreasing order of prevalence. C.mbila was cautht in all the

sites samplel and constituted 65.30% of Cicadulina populatiocn in
Samaru. A similar survey at the XKadawa Irrigation Scheme, Kano
State, Detween January and February, 1507 identified C. triangula
and C. mbila in the area, C. triangula was the Jominant species.
Analysis of the numbers of each spoecies at each loeation; anl of

the species by locatiofeys using the X°, were hijhly significant

(P < 0.01) indiecating that the composition of the four €ieadulina spo.
in Samaru was ependeént ypon the locations samplel. The spacics
composition Jdiffcred significantly betwecn the Samaru locations

in 1326.

The surveys also show that the female Cicalulina is always
more abundant than the male, forming 57.50% at Samaru and 66,00%
at Kadawa. Aanalysis of the numbers of the sexes by locations
using the x: showed that the Jifferent locations did not affect
the sex ratio, as the xz value (1.80) was not statistically
significant (P > 0.5).

Cicadulina pgpulations in Samaru Duilt up with an increase
in rainfall. The numbers caucht werce very low 2t the onset of
the rains, generally rising, and reachcd the maximum before the
rains stopoed. The rains were highest Hetween lugust and

Septenmber, 1986. The numbers declined sharply as the harmattan
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set in during thc second week of Octobux, 1536, The counts were
mostly nil durinc the cold and dry mor -8 between October, 1346
and February, 1907. Tha linear corrcl:tion coecfficients between

the mean Cicadulina spp. catches and ti: total fortnightly rainfall

(r = + 0.215), tr: mean Eﬁgggulina 8 . ecatch:s and the cummulative
rainfall (r = + ©.295] and the mean C..adulina spp. catches anl

the minimum tem ratures (r = + 0.133) —wre nositive Hut not
significant (P > 17.05). These probal - indic:te that the leafhopper
sopulations incro1se “with higher ri: 2lls :nl higher minimum

temberatures.

Bioassays tc Jdeterminc the prop r on of infective heppers in
the field populat ions revealad that ;2 ru hal an average of 3.35%
virulifercus leai woppers in the fiel' th a2 ange of 2 = 15.30%,
It is also demone:rated thg~ infective ' oppers in the field carry
the different striins of the streak vi s deoonding on the host

plants from which the heppers got infe: ed.

A survey of i1lternative hosts of - e streak virus in Samaru
and Zaria showed ‘our grass species vi .. sym.toms of streak virus

disease: Panicum jaximum Jacq; Brach:a .2 lata (Schumach.) C.E.

Hubbard ex Robyns Pennisetum pedicell 'um Trin, and Setagpia

palludefusca (Schimach.) Stapf C.E. 0 Dbard.

This study siows that the presenc of streak on a grass in the
field does not pose a threat to the mal.z crel except the virus
strain is virulen: on maize. 5 lot o f :he grasses carriad virus
strains that are 1ot very pathogenic o maiz: as the virus elicits
mild and transien: symptoms on maize. a the other hand when a
grass carries thc virulent strain of tl . virus, the virus can survive

the dry season in the grass, particulas .y in the rhizomes.



Seventeen plints wer screene’ oI susce tibility toc MSV unler
screenhous: condi:ions, : & the foll win: fiv. rera susceptihle:

Acrocerus waplectis Stap?  Ileudine nllea (L) Gaertn; Chloris

plenothrix Trin; ‘yperis ustulatus /21l and ir 'za glaberrims Steul.

——— o= . ——— o —

In additica, two rrass 87 .cies, Digi a-in ads:=Jens Morn and

Leptochloa filifomis (L= .Y 2. Beaw .) were 1 focted with I8V

Deside the screen cages v .21,

This study a .so shov tiat »lant: that sh w streak symptoms in
the field ay not bae susc .»:ible to 157 fron alze, M8V could not
Je transmi:ted tc pear) r 1l et and tle follow.ni grass speclics
which have Leen riport.d 3 having stroak gym t-ms in the fiell:
Pactyloctenium az yotiim, (dinn.) 2. B.ouv. . maximun, Setaria spy;
and 7. ped. cellatim, Such ¢ asses may not ba ‘m ortant in the
gticlogy ard epidemiclogy 21 the maiz2 streak virus lisease as they

could not e infected wit' (8V,

Howevi r, suscaptilil = Oof a pl=1v under or zerimental conditions
indicates " ikely :usce ti ity under iell cndlitions. Such plants
vhether cultivate: cereal: ..r grass::. arc th. rofore potential hosts
cf MSV in the fie!d. The:: abundanc. n a lucal ity anl presconce
Juring the dry secson cou’ © haye si-ni‘icant «£7:cts on the

epilemiology of MfV as thi wvirus car svrvive 'n hamor their rhizomes.

This study stows that certain ori:ses, like E.indica, that are
frequently encountared wita streak sysiotoms in “he field are also
susceptible toc SV from mriza. Such rasses are thus of great
importance in the epidemic . 7y of the nalze streck virus disease
as both the virus and the r2:tors can sarvive in them Juring the
dry season. The virus couldl also surveve in the rhizomes of such
plants, an? from them the sirus can x transmittcd to maize. Their
prescance in nmalze fields 'r irrigatoc plots couldl pose sericus

threats to vaize crops.



> 94 =

Durinc the (ry seas: n Letween Novimber, 15346 and February,
1997, irrigated ralzg, crops in Samaru :nl ILa’an were seen with
maize strenk gym toms It is thus onclulcl that irrigatel
an volunteer mal ze orops could! De 3 mns of siarvival for MSV

from cne wat season to ar sthar.,
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Appendix 1.

Mean catches of Cicadulina sip. (per m°) in relation to the total

fortnightly rainfall (um), €

cummulative rainfall (om), and the

monthly maximum and rinimun femperatures for Samaru Letween May,

1906 and ! bruary,; 1:i7.
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