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Abstract

A diagnostic survey was conducted in 2002 and 2003 to determine the status of cassava
mosaic disease (CMD) and cassava mosaic begomoviruses in Nigeria and to ascertain if the
virulent Ugandan variant of the East African cassava mosaic virus (EACMV-Ug2) is present
in the country. The survey was an activity of a CMD project on measures to protect cassava
production in Nigeria from potential devastating effects of a severe form of the disease.
Routes were selected in states of the six geopolitical zones in Nigeria and 418 farmers’ cassava
fields were visited. The CMD status in each field was rated as mild, moderately severe, or
severe. Cassava leaf samples were collected from 1397 plants on which CMD severity was
also rated on a five-point scale. Leaf samples of some weeds showing characteristic CMD-
like mosaic were also collected. Whitefly counts were made in each farm and samples of
this insect vector were collected. The leaf and whitefly samples were tested by polymerase
chain reaction for African cassava mosaic virus (ACMV), EACMYV, the Ugandan variant of
EACMYV (EACMV-Ug2), Indian cassava mosaic virus ICMV), and South African cassava
mosaic virus (SACMYV).

Cassava in most farms in the south-south and middle belt geopolitical zones showed
mild CMD symptoms. On the contrary, most farms in the southeast and northeast zones
showed either moderately severe or severe symptoms. The number of farms with cassava
with either moderately severe or severe symptoms was about the same as the number of
farms with cassava with mild symptoms in the southwest and northwest zones. Taking
the entire country, 48% of the farms had cassava with either moderately severe or severe
symptoms, which was about the same as the proportion of farms (52%) with cassava with
mild symptoms. The farms appeared to be randomly distributed.

Of the 1397 cassava leaf samples, 1106 had symptoms of which 74.1% tested positive
for ACMYV alone, 0.3% for EACMYV alone, 24.4% for mixed infections by the two viruses,
and 1.2% did not react with any of the primers used. The two viruses were also detected
in 32% of the 291 symptomless plants. ACMV and EACMYV were also detected in the
whitefly vector samples. EACMV-Ug2, ICMV, and SACMYV were not detected in any of
the whitefly or leaf samples. Farms in which ACMV occurred in single infection as well as in
mixed infections with EACMYV predominated. Most doubly infected plants showed severe
symptoms. Two biological variants of ACMV based on symptom expression on cassava in
the field were identified. A high number of plants expressed symptoms indicative of mixed
infections by the two biological variants and in most cases the symptoms were severe. ACMV
and EACMYV were detected in a leguminous plant Senna occidentalis (L.) Link and a weed
Combretum confertum Lams., which are new natural hosts of the viruses.

Most farms in southern Nigeria had whitefly populations of between 5 and 500 per
plant compared to farms in the north, which had whitefly populations of between 0 and 4
per plant. A lot of the farms in the northeast and northwest had no whiteflies.
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The virulent Ugandan variant of CMD was not detected. However, the high proportion
of mixed infections by ACMV and EACMYV, which could result in recombination events
such as the one that produced EACMV-Ug2, and the occurrence of variants of ACMYV,
demand appropriate measures to safeguard cassava production in the country. The CMD
project is therefore timely to provide resistant cassava genotypes to Nigerian farmers to
forestall any outbreak of severe CMD, either by natural spread from outside Nigeria or by
spontaneous recombination between virus strains already present in the country.
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The status of cassava mosaic disease, cassava
begomoviruses, and whitefly vector populations in
Nigeria

Introduction

Cassava mosaic disease (CMD) and its impact on cassava production
Cassava mosaic disease (CMD) is a viral disease of cassava, which was first reported in
Tanzania in 1894 by Warburg and it is the most important widespread disease of cassava in
sub-Saharan Africa (Fargette et al. 1988; Otim-Nape et al. 1994; Zhou et al. 1997). Yield
losses are enormous especially if susceptible cassava genotypes are grown. On such geno-
types, 90—100% yield losses were recorded in Uganda during the CMD pandemic (Terry
and Hahn 1980; Seif 1982; Otim-Nape et al. 2000). Even on some resistant genotypes,
about 35% yield losses have been reported (Ogbe et al. 2003a). Apart from sub-Saharan
Africa, CMD also occurs in Asia especially on the Indian subcontinent and Sri Lanka and
where yield losses occur.

CMD is caused by the following begomoviruses: African cassava mosaic virus (ACMV)
(Bock and Woods 1983), East African cassava mosaic virus (EACMV) (Hong et al. 1993),
South African cassava mosaic virus(SACMV) (Berrie et al. 1998), Indian cassava mosaic virus
(ICMV) (Hong etal. 1993), and Sri Lankan cassava mosaic virus (SLCMYV) (Saunders et al.
2002). ACMYV, EACMYV, and SACMYV occur in sub-Saharan Africa. Several strains/variants
of ACMV and EACMYV are known (Robinson et al. 1984; Zhou et al. 1998; Pita et al.
2001a; Ogbe et al. 2003b,c) and which bring about a dynamic CMD epidemiology in
sub-Saharan Africa. The viruses and their strains and variants are transmitted by whiteflies,
Bemisia tabacci Genadius (Seif 1981), which are quite abundant in sub-Saharan Africa.

The Ugandan variant of EACMYV and its threat to cassava production
in sub-Saharan Africa

An epidemic of a severe form of CMD occurred in Luwero district, in the north of Uganda
in 1983 (Otim-Nape et al. 1998). The epidemic devastated cassava production in Uganda
and caused starvation and loss of life. The epidemic was caused by a strain of EACMV
known as the Ugandan variant (EACMV-Ug2), which is a recombinant of ACMV and
EACMYV (Zhou et al. 1997). The severe form of CMD, associated with EACMV-Ug?2, is
mainly due to synergism from mixed infections by EACMV-Ug2 and ACMYV.

1
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The epidemic in Uganda was controlled by the introduction and adoption of improved,
resistant cassava varieties (Otim-Nape et al. 1998; 2000) that were bred by the Interna-
tional Institute of Tropical Agriculture (II'TA), Ibadan, Nigeria. However, the severe form
of CMD had already spread from Uganda to neighboring countries and beyond. Mixed
infections by EACMV-Ug2 and ACMYV, culminating in severe CMD, were reported
from Democratic Republic of Congo, Kenya, Republic of Congo, Rwanda, and Tanzania
(Otim-Nape et al. 2000; Neuenschwander et al. 2002).

CMD in Nigeria

CMD is the most important disease of cassava in Nigeria. Earlier studies showed that
ACMYV and EACMYV were the causal agents, with the former virus being more prevalent
(Ogbe 2001). Most of the EACMYV isolates in Nigeria are in mixed infections with ACMYV,
producing usually severe CMD symptoms. Variants of the two viruses also occur (Ogbe
et al. 2003b, ¢). CMD pressure is very high in southern Nigeria due to vector abundance
and extensive cultivation of cassava. A number of resistant genotypes, either improved or
landraces, are being cultivated in Nigeria, which could already have reduced the serious
impact of CMD on cassava production in the country as even the less severe isolates can
cause significant losses in susceptible genotypes.

CMD Project in Nigeria

Nigeria is the world’s largest producer of cassava, in 2002 accounting for 34.5 M tonnes
(FAO). Although the crop is predominantly grown in the southern part of the country, its
cultivation has expanded northward. Cassava is an important food crop in Nigeria, being
widely eaten in processed forms such as gari and fifu/akpu. The crop is also processed into
starch, chips, and pellets, which find uses in ethanol and glue production, confectionery,
and livestock feeds. The Nigerian Government has recognized the potential of cassava for
foreign exchange earnings. This has further encouraged farmers to increase cassava produc-
tion. Sustaining cassava production, therefore, becomes paramount.

The CMD project was conceived by IITA to preempt the threat of the severe form of
CMD caused by EACMV-Ug2, which is spreading towards West Africa (Neuenshwander
et al. 2002). One of the objectives of the project is to introduce CMD-resistant cassava
varieties to protect cassava production against the possible invasion by or occurrence of
EACMV-Ug2. As eatlier stated, the CMD epidemic in Uganda was controlled by the
introduction and cultivation of resistant varieties.

The CMD project has attracted the interest of many donors due to the importance
of cassava for food security and as a cash crop. Donors include the Federal Government
of Nigeria, the petroleum producing states of Nigeria and the neighboring states in the
southeast of the country, the Niger Delta Development Commission (NDDC), petro-
leum companies such as NNPC and Shell, and the United States Agency for International
Development (USAID). At present, the project is being conducted in the following states:
Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Rivers (south—south geopolitical zone); Abia,
Anambra, Ebonyi, Enugu, Imo (southeast zone), and Ondo (southwest zone).
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The choice of these states was based on the fact that some of them share borders with Cam-
eroon and are therefore possible routes for the introduction of EACMV-Ug2 into Nigeria.
In addition, cassava is extensively cultivated in the 12 states, with a high tendency for the
exchange of planting material among farmers, which can enhance the vegetative spread of
CMD. The introduction of resistant genotypes to farmers in these states could minimize
the impact and slow down the spread of EACMV-Ug?2 if it is introduced into the country.
Successful control of CMD in southern Nigeria is effectively successful control of the disease
in the country. This is because more favorable conditions for the spread of CMD occur in
southern than in the northern Nigeria (Akano etal. 1995; Ogbe et al. 2001). However, this
CMD project goes beyond the control of CMD. It is envisaged that the introduction and
cultivation of resistant genotypes by farmers will lead to an increase in cassava production
and therefore, in order to avoid overproduction, this CMD project also encourages strate-
gies to process and market cassava.

One of the core activities to control CMD in the CMD project is to assess the current
health status of cassava farms and the current status of cassava begomoviruses in Nigeria.
A diagnostic survey was therefore conducted to achieve these objectives and specifically to

assess if EACMV-Ug?2 has spread to Nigeria.
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Survey routes

The survey was conducted between December 2002 and December 2003. The survey

routes were determined using the road maps of Nigeria and such routes included highways,

secondary roads, and feeder roads. As much as possible, the routes were selected to intersect

the main cassava growing areas and to assure sufficient cassava fields for sampling. The fol-

lowing routes were used in the order presented:

* Ibadan-Benin-Agbor-Uromi-Ekpoma-Auchi-Agenebode

*  Auchi-Afuze-Sabongida Ora-Ozalla-Benin

*  Benin-Iruekpen

*  Benin-Abraka-Eku-Warri-Sapele

*  Sapele-Jesse-Igbewhore

*  Sapele-Eku-Agbor-Asaba-Warri-Ughelli-Ozoro

*  Ughelli-Port Harcourt-Onne-Bori-Ete Eket-Oron-Uyo-Odukpani-Calabar-Oban

* Calabar-Ikom-Mfum

* Tkom- Ogoja

*  Nkim Itam-Tkot Ekpene-Umuahia

*  Onitsha-Enugu-Nsukka-Obollo Afor-Ikem-Nkalagu-Abakaliki-Mfuma

*  Abakaliki-Obubra

*  Abakaliki-Afikpo-Ohafia-Bende-Umuahia-Ariam

*  Umuahia-Isialangwa

*  Umuahia-Port Harcourt

*  Aba-Owerri-Okigwe-Umuahia-Owerri-Orlu-Thiala-Ogbaku-Egbema-Ukwu Igba-
Etekuru Egbema-Owerri-Onitsha-Akwa-Igbariam

*  Akwa-Enugu-Okigwe

* Ibadan-Oyo-Ogbomoso-Igbeti-Kisi-Igboho-Saki-Ago Are-Okaka-Oke Iho-Igbo Ora-
Abeokuta-Olodo

*  Abeokuta-Obafemi Ajebo-Isara-Owode-Ofada-Itori-Abeokuta-Meko-Aworo-Igan
Alade-Ilaro-Papalanto-Ota-Idi Iroko-Ijofin

*  Owode-Ado Odo-Igbesa-Atan Ota

* lkorodu-Sagamu-Ijebu Ode-Ibadan-Ife-Osogbo-Iwo-Gbongan-Osogbo-lkirun-Ila
Orangun-Okuku

*  Ikirun-Ibokun-Osogbo-Ilesa-Ipetu Jjesa-Ilawe-Ado Ekiti-Ikere-Ise Ekiti-Omuo-Ode
Ekiti-Isibode Ekiti-Ilasa Ekiti-Ayebode Ekiti-Ikole-Ilu Omoba-Ado Ekiti-Igede-Ijero-
Ayegunle-Ido Ekiti-Isan-Ifaki-Ado Ekiti-Akure-Owo-Ikare-Ido Ani-Ipele

* llorin-Omu Aran-Odo Ere-Egbe-Pategi-Ndeji-Ilorin-Share-Ndeji

*  Share-Bode Saadu-Oko Olowo-Igbeti

*  Moshigada-Kaiama-New Busa-Mokwa-Kontagora-Tegina-Minna-Suleja-Kaduna-
Kachia-Zamaru Kataf-Saminaka-Pambegua-Zaria-Kaduna
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e Lambarta-Bida-Mokwa

*  Birnin Yauri-Jega-Birnin Kebbi-Argungu-Sokoto-Talata-Mafara-Gusau-Funtua-Kat-
sina-Kano-Bagauda-Tudun Wada

*  Gezawa-Gumel-Mallammaduri-Hadejia-Ringim-Kano

*  Ogaminana-Kabba-Lokoja-Ajaokuta-Ejule-Idah

* Anyigba-Ankpa-Emare-Makurdi-Otukpo-Yadev-Makurdi-Katsina Ala-Wukari-
Jalingo-Beli

* Jalingo-Yola-Mubi-Madagali-Bama-Maiduguri-Damaturu-Potiskum-Gashua-Nguru.
Abaji-Abuja-Keffi-Akwanga-Lafia-Langtang-Pankshin-Jos-Bauchi-Gombe-Duku-
Darazo-Bauchi

* Ipetu Jjesa-Ondo-Akure-Igbara Oke

*  Ondo-Ore-Okitipupa-Igbotako-Ijebu Ode-Epe-Lagos-Seme-Iworo-Ibadan

Sample collection
Along the routes, cassava fields were visited at intervals of 10-15 km in southern Nigeria
where cassava fields were common. In the north, however, the sampling interval was about
20-30 km due to sparsely spaced cassava fields. A total of 418 fields were visited. In each
field, the coordinates were recorded using the Global positioning system (GPS) (model
Magellan GPS 315, 960 Overland Court, San Dimas, California, CA 91773). The following
five-point scale was used to assess an overall impression of symptom severity of CMD for
each field: 1 = no symptom; 2 = mild chlorotic pattern over entire leaflets or mild distortion
at the base of leaflets only with the remainder of the leaflets appearing green and healthy;
3 = moderate mosaic pattern throughout the leaf, narrowing and distortion of the lower
one-third of leaflets; 4 = severe mosaic, distortion of two-thirds of the leaflets and general
reduction of leaf size; and 5 = severe mosaic, distortion of the entire leaf (Terry 1975). The
field with an overall impression of symptom severity score 2 was regarded as mild, score 3 as
moderately severe, and scores 4 or 5 as severe. A sample was collected from a representative
plant showing mild, moderately severe, severe symptoms, or symptomless based on random
selection. On average, three samples were collected per field depending on the degree of
CMD severity. A description of the symptoms observed on the sampled plant was made.
Particular attention was paid to different symptoms on different plants of the same genotype.
The severity score of the plant sampled was based on the five-point scale (Terry 1975). A
total of 1397 leaf samples were collected: 1106 symptomatic samples and 291 symptomless
samples. Leaf samples of weeds showing characteristic symptoms of mosaic in or near the
cassava fields were also collected. Whitefly counts were made (Fauquet and Fargette 1990)
on ten randomly selected plants and the whiteflies collected using an aspirator in each field
if the insect was present. Two hundred and eighty-three whitefly samples were collected
and preserved in 70% ethanol in Eppendorf tubes. In transit, whitefly and leaf samples
were kept at 4 °C in a mobile refrigerator (model V 200, Norcold Sidney, a subsidiary of
Thetford Corporation, Ann, Arbor, Michigan, USA) while in the field.

At the end of each day, the samples were kept at 4 °C overnight. Each survey trip took
about seven days and at the end of the trip, the samples were taken to where they were
stored at —20 °C prior to diagnosis at IITA, Ibadan.

5
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Laboratory analyses of samples

DNA extraction

Total DNA was extracted from the cassava and weed samples according to the procedure of
Dellaporta et al. (1983). The same procedure was used to extract the total DNA from 3-6
whiteflies from each whitefly sample. In extracting the DNA from the whiteflies, however,
the volumes of the reagents were reduced by five times to avoid over dilution of the DNA.
For the leaf samples, the extracted DNA was resuspended in 200 pl TE (Tris-HCI 50mM,
EDTA 10mM) pH 8.0 while the DNA samples from the whiteflies were resuspended in
50 pl of TE pH 8.0 and stored at —20 °C.

Testing of the DNA samples

Leaf and whitefly DNA samples were tested by polymerase chain reaction (PCR). DNA
from leaf samples was diluted to obtain 2 ng/ul while the DNA from the whitefly samples
was used undiluted. Specific primers for the detection of ACMV, EACMYV, and EACMV-
Ug2 were used in addition to primers that can detect ICMV and SACMY, and a pair of a
universal primers for the detection of whitefly transmitted begomoviruses (Table 1). The
reaction mixture per tube contained 2.5 pl of thermobuffer (10 x concentration), 1.5 pl
MgCl, (25 mM); 2.0ul of dNTPs (2.5 mM); 1.3 ul each of forward and reverse primers
(10 pM for specific primers, 10 pM or 100 pM for degenerate primers); 0.2 pl (1 unic)
of Taq DNA polymerase (Promega product, Promega Corporation, 2800 Woods Hollow
Road, Madison, W1 53711-5399, U.S.A) 12.9 pl sterilized distilled water, and 3.3 pl of
DNA sample (25.0 pl per reaction tube). The DNA extraction buffer and DNA of virus-free
healthy cassava were used as negative controls. The healthy, negative control cassava clone
TMS 30572 was obtained from virus-tested in vitro plantlets. EACMV-Ug2 DNA (from Dr
Legg of IITA, Uganda through the Nigerian Plant Quarantine Service, Moore Plantation,
Ibadan, Nigeria) was used as positive control for the detection of the virus.

The reaction cycles using a PTC DNA Engine system (model PTC 200, MJ Research,
Inc., 149, Grove Street, Watertown, Massachusetts USA) were as reported by Zhou et al.
(1997). The first cycle consisted of 1 min at 94 °C, 2 min at 52 °C, and 3 min at 72 °C.
This was followed by 35 cycles of 1 min at 94 °C, 1 min at 52 °C, and 1.33 min at 72 °C.
The final cycle consisted of 5 min at 72 °C. The PCR products were separated by electro-
phoresis in a 1% agarose gel, which contained 1.5 pl of ethidium bromide (10 mg/ml) in
Tris-acetate-EDTA (TAE) buffer (0.04 M Tris-acetate pH 8.0 + 0.01 M EDTA, pH 8.0)
at 100 volts for about 1.5 h. The DNA bands were observed under UV light and positive
and negative reactions were recorded. For documentation purposes, photographs of some
of the gels were taken using a Polaroid camera (Polaroid, Gelcam, Polaroid Corporation, 575,
Technology square-2, Cambridge, MA 02139, USA).
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Table 1. Nucleotide sequences of DNA primers used in polymerase chain reaction
for the detection of African cassava mosaic virus (ACMV), East African cassava
mosaic virus (EACMV), Ugandan variant of EACMV (EACMV-Ug2), South African

cassava mosaic virus (SACMV), and Indian cassava mosaic virus (ICMV)?

Virus Name of primer ~ Sequenc (5’ to 3") Target in DNA®
ACMV ACMV-ALL/F GCG GAATCCCTAACATTATC AC1
ACMV-ARO/R GCT CGT ATG TAT CCT CTA AGG CCT G AV2
JSP0OO1 ATG TCG AAG CGA CCA GGA GAT CP
JSP002 TGT TTATTA ATT GCC AAT ACT CcpP
EACMV JSP001 ATG TCG AAG CGA CCA GGA GAT CP
JSP003 CCTTTATTAATT TGT CACTGC CP
EACMV/EACMV-Ug2  UV-AL3/F TAC ACATGC CTCRAATCCTG AC3
UV-AL1/R2 CTC CGCCACAAACTTACGTT AC1
EACMV-Ug2 UV-AL1/F TGT CTT CTG GGA CTT GTG TG AC1
ACMV-CP/R3 TGC CTC CTG ATG ATT ATATGT C CcpP
ICMV ICMV-F TTCTCT CTC CTC AAT CGG TA ACI/IR
ICMV-R ACT CAG GGA ACT CGT TTA GT AV2
SACMV SACMV-CP 5’ GCT GTC CCC ATT GTC CAR GGN CP
SACMV-CP 3’ CCTTTATTAATT TGT CACTGC CP
Whitefly-transmitted PRIMER A TAA TAT TAC CKG WKG VCC CR
geminiviruses PRIMER B TGG ACY TTR CAW GGB CCT TCA CA CR

*Sources of primer sequence: Deng et al. 1994; Berrie et al. 1998; Zhou et al. 1997; Pita et al. 2001a. The primers were
used in pairs as listed, the first being forward primer and the second being reverse.

AV = DNA-A virus sense (AV2: gene function not yet known), AC = DNA-A complemetary sense (AC1: replication
initiation protein gene, AC3: replication enhancer protein gene), CP = coat protein gene, IR = intergenic region, CR

= common region.
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Results

CMD status in farmers’ fields

CMD symptoms were mild in most farms in Akwa Ibom, Delta, and Edo states (south—
south geopolitical zone); Anambra and Enugu states (southeast zone); Lagos State (south-
west zone); Kwara, Nassarawa, and Niger states (middle belt zone); Jigawa State (northeast
zone), and Kaduna State (northwest zone) (Fig. 1). CMD symptoms were either moderately
severe or severe in most farms in Cross River State (south—south zone); Abia, Ebonyi, and
Imo states (southeast zone); Ekiti and Ondo states (southwest zone); Benue and Kogi states
(middle belt zone); Bauchi and Gombe states (northeast zone), and Kebbi State (northwest
zone) (Fig. 1). The number of farms with either moderately severe or severe symptoms was
about the same the number of farms with mild symptoms in Rivers State (south—south
zone); Ogun, Osun, and Oyo states (southwest zone), and Taraba State (northeast zone) (Fig.
1). In all the states mentioned, the number of farms visited ranged between 4 and 31.

Three farms were visited in Bayelsa State (south—south zone) and cassava in all the farms
showed mild symptoms. Of the three farms visited in Plateau State (middle belt zone), the
cassava in one farm expressed severe symptoms while symptoms were mild on the plants in
the other two farms. In the Federal Capital Territory (middle belt zone) symptoms on cassava
were moderately severe in two farms but mild in one farm. In Adamawa State (northeast
zone) the cassava in one farm had mild symptoms while in another farm CMD symptoms
were severe. In Borno and Yobe states (northeast zone) one farm each was visited. CMD
symptoms were mild in Borno State but severe in Yobe. Three farms were visited in Kano
State (northwest zone) of which symptoms on cassava were mild in one farm but severe in
two farms. One farm each was visited in Katsina and Sokoto states (northwest zone). CMD
symptoms were mild in Katsina but severe in Sokoto. Cassava farms were not found along
the routes surveyed in Zamfara State.

Between 17 (northwest zone) and 131 farms (southwest zone) were assessed for CMD
severity in each geopolitical zone. Cassava in most farms in the south—south and middle
belt geopolitical zones expressed mild CMD symptoms (Fig. 2). To the contrary, cassava in
most farms in the southeast and northeast zones expressed either moderately severe or severe
symptoms. The number of farms in which CMD symptoms were either moderately severe
or severe was about the same the number of farms in which CMD symptoms were mild
in the southwest and northwest zones (Fig. 2). Throughout the entire country, symptoms
were either moderately severe or severe in 48% of the farms, which was almost the same
proportion (52%) of farms in which symptoms were mild. The farms with cassava with
moderate/severe symptoms and mild symptoms were randomly distributed through the
cassava growing areas of the country (Fig. 3).
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Figure 1. The proportion of farmers’ fields showing different levels of cassava mosaic dis-
ease (CMD) severity in states of the geopolitical zones of Nigeria.

States: AK = Akwa Ibom, BY = Bayelsa, CR = Cross River, DT = Delta, ED = Edo, RV = Rivers, AB = Abia, AN =
Anambra, EB = Ebonyi, EN = Enugu, IM = Imo, EK = Ekiti, LA = Lagos, OG = Ogun, ON = Ondo, OS = Osun,
OY = Oyo, BN = Benue, KG = Kogi, KW = Kwara, NA = Nassarawa, NG = Niger, PL = Plateau, FCT = Federal Capital
Territory, AD = Adamawa, BA = Bauchi, BR = Borno, GB = Gombe, TR = Taraba, JG = Jigawa, YB = Yobe, KD =
Kaduna, KN = Kano, KT = Katsina, KB = Kebbi, SK = Sokoto, ZM = Zamfara

Key: M = Mild, MS = Moderately severe, S = Severe
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Figure 2. The proportion of cassava farms showing different levels of cassava mosaic
disease (CMD) severity in the geopolitical zones of Nigeria.

Geopolitical zone State

South—south Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Rivers

Southeast Abia, Anambra, Ebonyi, Enugu, Imo

Southwest Ekiti, Lagos, Ogun, Ondo, Osun, Oyo

Middle belt Benue, Kogi, Kwara, Nassarawa, Niger, Plateau, Federal Capital
Territory

Northeast Adamawa, Bauchi, Borno, Gombe, Taraba, Jigawa, Yobe

Northwest Kaduna, Kano, Katsina, Kebbi, Sokoto, Zamfara

The status of cassava mosaic begomoviruses in Nigeria
Among the 1106 leaf samples from the symptom bearing cassava plants, 74.1% tested posi-
tive for ACMYV alone, 0.3% for EACMYV alone, 24.4% for mixed infections with the two
viruses, and 1.2% failed to give a PCR product with any of the primers. Of the 291 samples
from symptomless plants, 27.2% were infected with ACMYV alone but none tested positive
to EACMYV alone, 4.8% tested for both viruses, and 68.0% were apparently not infected
with any of the cassava begomoviruses. EACMV-Ug2 was not detected in any of the leaf
or whitefly samples (Fig. 4). The six cassava leaf samples in lanes 1-6 and 11-16 (Fig. 4a)
tested positive to both viruses. The EACMYV primers also detected the DNA of the EACMV-
Ug2 that was used as a positive control (Fig. 4a, lanes 17 and 18). The EACMV-Ug2 was,
however, differentiated from the Nigerian isolates of EACMYV by the EACMV-Ug2 specific
primers (Fig. 4b, lanes 17 and 18). Lanes 9, 10, 19, and 20 (Figs. 4a, b) contained samples
for the negative control and hence no bands were expected or observed. SACMV and
ICMYV were not detected in the leaf samples. ACMV and EACMYV, singly and in double
infections, were also detected in the whitefly vector across the country.

Positive diagnosis of ACMYV (lanes 26, 27) and EACMYV (lane 36) were obtained, shown
in Figure 4c with positive controls in lanes 21 and 23 (ACMYV) and 31 and 32 (EACMV)
that contained infected DNA from the leaf samples.
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Figure 3. The distribution of farms showing different cassava mosaic disease (CMD)
severity in Nigeria.*

" The country is partitioned into states as follow: AK = Akwa Ibom, BY = Bayelsa, CR = Cross River, DT = Dellta,
ED = Edo, RV = Rivers, AB = Abia, AN = Anambra, ED = Ebonyi, EN = Enugu, IM = Imo, EK = Ekiti, LA = Lagos,
OG = Ogun, ON = Ondo, OS = Osun, OY = Oyo, BN = Benue, KG = Kogi, KW = Kwara, NS = Nassarawa, NG = Niger,
PL = Plateau, FCT = Federal Capital Territory, AD = Adamawa, BA = Bauchi, BR = Borno, GB = Gombe, TR = Taraba,
JG = Jigawa, YB = Yobe, KD = Kaduna, KN = Kano, KT = Katsina, KB = Kebbi, SK = Sokoto, ZM = Zamfara

The proportion of plants infected by ACMV and by mixed infections of
ACMY and EACMY in the different geopolitical zones

Single infection by ACMV predominated in all the geopolitical zones. The proportions
of plants doubly infected by ACMV and EACMYV, however, were about the same as the
proportion of plants singly infected by ACMYV in Enugu State, Imo (southeast zone); Ondo
State (southwest zone); Benue and Kogi states (middle belt zone), and Kano State (northwest
zone) (Figure 5). Only one farm was visited in Yobe State (northeast zone) where four plants
were sampled and found to be infected with both ACMV and EACMYV. Plants infected
with ACMYV alone were most common in the south—south (81%) and northeast (91%)
geopolitical zones (Figure 6). The southeast zone had the least proportion of plants (62.2%)
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singly infected by ACMV but had the highest proportion of plants (36.8%) doubly infected
by ACMV and EACMV. The proportion of mixed infections in other zones ranged from
7.4% to 26.2% (Fig. 6). Farms in which ACMV occurred in single infection as well as in
mixed infections with EACMV predominated and were more random in southern Nigeria

M12345678910 M123456738910

1000 bp

1000 bp

M 21 22 23 24 25 26 27 28 29

1000 bp

M 30 31 32 33 34 35 36 37 38

1000 bp

C

Figure 4. African cassava mosaic virus (ACMV) and East African cassava mosaic virus (EACMV)
DNA fragments amplified by polymerase chain reaction and analyzed by gel eloctrophoresis’.

*The samples were collected from farmers’ fields during a survey in 2002 and 2003 in Nigeria. M = I kb plus marker;
lanes 1-6 contained the DNA of cassava leaf samples 75, 242, 503, 507, 647, 796, respectively. Lanes 7 and 8 contained
the DNA of virulent Ugandan strain of East African cassava mosaic virus (EACMV-Ug2) as positive control. Lanes
9 and 10 contained DNA of a healthy cassava leaf and DNA extraction buffer, respectively as negative controls. This
arrangement was repeated for lanes 11-16; 17 and 18; 19 and 20, respectively. Lanes 21-23 contained DNA of cassava
leaves samples 1319, 1062, and 1109, respectively. This was repeated for lanes 30-32. Lanes 26 and 27 contained DNA
of whitefly samples 1113 and 870, respectively, which was repeated in lanes 35 and 36. Lanes 24 and 25 contained DNA
of a healthy cassava and DNA extraction buffer, respectively. This was repeated respectively in lanes 28 and 29, 33 and
34, and 37 and 38. Fig. 4a, Lanes 1-10; Fig. 4c, lanes 21-29 were tested by ACMV primers ACMV —AL1/F/ARO/R.
Fig. 4a, lanes11-20; Fig. 4b, lanes 1-10; Fig. 4c, lanes 30-38 were tested by EACMV primers UV-AL3/F/AL1/R2.
Fig. 4b, lanes 11-20 were tested by EACMV-Ug2 primers UV-AL1/F1/ACMV-CP/R3.

Lanes 24, 25, 28, 29, 33, 34, 37 and 38 contained samples for the negative control, which expectedly did not react.
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than in the north (Fig. 7). Farms that contained EACMYV in single infection, in addition to
mixed infections by ACMYV and EACMYV, were few and were located in Enugu and Niger
states. Only in one farm in Ebonyi State were single infections by ACMV and EACMV
observed. Unidentified begomoviruses were detected in Ekiti, Gombe, Lagos, Nassarawa,
Ogun, Ondo, and Plateau states (Fig. 7).

South—south zone

Middle belt zone

Cassava mosaic (CMD) new.indd 13
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Figure 5. The proportion of cassava plants infected by African cassava mosaic virus (ACMV)
and mixed infections of ACMV and East African cassava mosaic virus (EACMV) in the
different states of the geopolitical zones of Nigeria.

States: Ak = Akwa Ibom, BY = Bayelsa, CR = Cross River, DT = Delta, ED = Edo, RV = Rivers, AB = Abia,
AN = Anambra, EB = Ebonyi, EN = Enugu, IM = Imo, EK = Ekiti, LA = Lagos, OG = Ogun, ON = Ondo,
OS = Osun, OY = Oyo, BN = Benue, KG = Kogi, KW = Kwara, NA = Nassarawa, NG = Niger, PL = Plateau,
FCT = Federal Capital Territory, AD = Adamawa, BA = Bauchi, BR = Borno, GB = Gombe, TR = Taraba, ]G = Jigawa,
YB = Yobe, KD = Kaduna, KN = Kano, KT = Katsina, KB = Kebbi, SK = Sokoto, ZM = Zamfara

13

9/6/2006, 12:36:02 PM



100 +

804

60 -

40-

20+

% plants infected by ACMV and
mixed infections of ACMV + EACMV

South—
south

OAcCMmv

l ACMV + EACMV

w0

North-  North-
east west

South-
east

South-
west

Middle-
belt

Geopolitical zone

Figure 6. The proportion of plants infected by African cassava mosaic virus (ACMV)
and mixed infections by ACMV and East African cassava mosaic virus (EACMV) in the
geopolitical zones of Nigeria.
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State

Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Rivers
Abia, Anambra, Ebonyi, Enugu, Imo

Ekid, Lagos, Ogun, Ondo, Osun, Oyo

Benue, Kogi, Kwara, Nassarawa, Niger, Plateau, Federal
Capital Territory

Adamawa, Bauchi, Borno, Gombe, Taraba, Jigawa, Yobe

Kaduna, Kano, Katsina, Kebbi, Sokoto, Zamfara
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Figure 7. The distribution of cassava mosaic begomoviruses in Nigeria“.

"The country is partitioned into states as follow: AK = Akwa Ibom, BY = Bayelsa, CR = Cross River, DT = Dellta,
ED = Edo, RV = Rivers, AB = Abia, AN = Anambra, ED = Ebonyi, EN = Enugu, IM = Imo, EK = Ekiti, LA = Lagos,
OG =Ogun, ON = Ondo, OS = Osun, OY = Oyo, BN = Benue, KG = Kogi, KW = Kwara, NS = Nassarawa, NG = Niger,
PL = Plateau, FCT = Federal Capital Territory, AD = Adamawa, BA = Bauchi, BR = Borno, GB = Gombe, TR = Taraba,
JG = Jigawa, YB = Yobe, KD = Kaduna, KN = Kano, KT = Katsina, KB = Kebbi, SK = Sokoto, ZM = Zamfara

Key: ACMV = African cassava mosaic virus, EACMV = East Afvican cassava mosaic virus, ACMV + EACMV = Mixed
infections of ACMV and EACMV
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CMD severity associated with single infection by ACMV and mixed
infections by ACMV and EACMV

Most ACMYV infections were characterized with severe symptoms giving average severity
scores that ranged from 2.7 to 3.9 on a scale of 1-5 (Table 2). Generally, symptoms due
to the virus were similar in all the states of each zone. The northwest zone had plants that
showed more severe symptoms than plants in the other zones, particularly the south—south
zone. Only three plants were infected singly by EACMV.

Two of the plants (Ebonyi State, southeast zone and Niger State, middle belt zone)
had mild symptoms while the third (Enugu State, southeast zone) had severe symptoms
(Table 2). Among the states of each zone, CMD symptoms were generally more severe on
plants doubly infected by ACMV and EACMYV than on plants singly infected by one of
the two viruses (Table 2). In Delta (south—south zone), Anambra (southeast zone), and
Benue (middle belt zone) states, however, the average severity of CMD symptoms were
similar on plants singly infected by ACMYV as well as plants doubly infected by ACMV and
EACMV. The doubly infected plants in the three states had lower average symptom severity
scores than the other plants from other states in the respective zones. The greater CMD
symptom severity scotes associated with mixed infections compared to single infections was
more distinct on plants in the southern geopolitical zones (south—south, southeast, and
southwest zones) than on plants in the northern geopolitical zones (middle belt, northeast,
and northwest zones) (Table 2).

Table 2. Cassava mosaic disease (CMD) severity on cassava varieties singly and doubly
infected by African cassava mosaic virus (ACMV) and East African cassava mosaic virus
(EACMV) in farmers’ fields in the geopolitical zones of Nigeria.

Mean CMD severity score

Geopolitical zone  State ACMV EACMV  ACMV + EACMV
South—south Akwa Ibom (21)2.8£0.53 (0) 0.0 (5)3.2£0.75
Bayelsa (7)3.0+£00.53 (0) 0.0 (0) 0.0
Cross River (41)2.8£0.47 (0)0.0 (17)3.6 £0.97
Delta (44)2.8£0.50 (0)0.0 (11)2.7+£0.62
Edo (59)2.7£0.53 (0)0.0 (8)3.1£0.78
Rivers (17)2.8+£0.71 (0)0.0 (3)3.3+£0.47
Mean for the zone (189)2.8£0.54 (0) 0.0 (44)3.3+£0.88
Southeast Abia (37)3.2£0.65 (0)0.0 (10) 3.8 £0.87
Anambra (14)3.0£0.53 (0)0.0 (6)3.2+£0.37
Ebonyi (21)3.1£0.71 (2.0 (9)3.6£0.50
Enugu (18)3.1£0.81 (1)3.0 (13)3.5+£0.63
Imo (35)2.9£0.52 (0)0.0 (36)3.7+£0.83
Mean for the zone (125)3.1£0.65 2)2.5 (74)3.6 £ 0.77
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Table 2 (contd)

Southwest

Middle belt

Northeast

Northwest

Ekiti
Lagos
Ogun
Ondo
Osun
Oyo

Mean for the zone
Benue
Kogi
Kwara
Nassarawa
Niger
Plateau

Federal Capital Territory

Mean for the zone
Adamawa
Bauchi
Borno
Gombe
Taraba
Jigawa
Yobe
Mean for the zone
Kaduna
Kano
Katsina
Kebbi
Sokoto
Zamfara

Mean for the zone

(42) 3.2+ 0.69
(15)3.1£0.72
(64) 3.0 £ 0.56
(44) 2.9 +0.45
(39) 2.8 +0.53
(66) 3.0 £ 0.55
(270) 3.0 + 0.57
(20) 3.1 £ 0.59
(14) 2.9 + 0.46
(33) 3.0+ 0.55
(23)3.3+0.55
(28) 3.0+ 0.42
(3)3.0£0.0
(9)3.1+£0.33
(130) 3.1+ 0.51
(5) 2.8 +0.40
(13)3.3+0.46
(3)3.0£0.0
(11)2.9£0.51
(17)2.9+0.47
(13)32+0.42
(0) 0.0
(62)3.1+0.49
(20) 3.4+ 0.57
(4)3.5+0.50
(3)3.3+0.47
(13) 3.9+ 0.47
(4)3.0+0.71
#
(44)3.5+0.62

(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(1) 2.0
(0) 0.0
(0) 0.0
(1)2.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
(0) 0.0
#

(0) 0.0

(13)3.9+0.83
(0) 0.0
(19) 3.6 +0.82
(33)3.5+0.74
(23) 3.9+ 0.90
(11)3.3 £0.45
(99) 3.6 +0.81
(15)2.9 +0.57
(14) 3.4 +0.61
) 3.0
(1)3.0

(8)3.3+0.43

(0) 0.0

(0) 0.0

(40) 3.2 +0.57

(0) 0.0

(0) 0.0

(0) 0.0

(0) 0.0

(0) 0.0

(1)3.0

(4)3.0+0.71

(5)3.0 +0.63

(0)0.0

(5)3.8+0.75

(0)0.0

(3)3.7+0.47

(0)0.0

#

(8)3.8+0.66

The double infections were determined by polymerase chain reaction. Severity scores ranged from 1 = no symptoms
to 5 = very severe symptoms (Terry 1975). Number in parenthesis were total samples used for the calculation of mean

+ standard error.

# Cassava fields were not found along the route of the survey in Zamfara.
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Types of symptoms associated with single and double infections by
ACMYV and EACMV

When plants of the same genotypes in the same farm were observed for symptoms, three
types of mosaic pattern were noticed. These were yellow-green mosaic, whitish/bleaching-
green mosaic (Fig. 8), and a combination of the two types of symptoms. The yellow-green
mosaic was usually accompanied with mild leaf distortion (Fig. 8a) while the whitish/
bleaching-green mosaic was in most cases associated with severe leaf distortion (Fig. 8b).
A healthy leaf is green without blemish and undistorted (Fig. 8c). ACMV and EACMV
separately induced the yellow-green mosaic while ACMV was mainly responsible for the
whitish/bleaching-green mosaic symptoms (Table 3). The two viruses in mixed infections
were also detected in plants separately showing the two types of symptoms and also in plants
with a combination of the two types of symptoms (Table 3).

Other symptoms associated with ACMYV in single and in mixed infections with EACMV
include ragged leaves (Fig. 9a) and reduced and wrinkled leaflets (Fig. 9b). Some ACM .
isolates induced severe symptoms and in some cases changed the morphology of the plants
(Fig. 9¢) as compared to uninfected plants of the same genotype (Fig. 9d). Some of the
plants doubly infected by the two viruses had reduced leaf sizes accompanied by defolia-
tion (Figs. 9e, f).
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Figure 8. Characteristic symptoms of biological variants of African cassava mosaic virus (ACMV)
on cassava leaf".

"The symptoms were observed on different plants of the same genotype in the same farm during a diagnostic survey in
2002/2003 for cassava begomoviruses in Nigeria. Yellow-green mosaic with mild leaf distortion (a), whitish/bleaching-
green mosaic with notable leaf distortion (b), and symptomless leaf (c).

Table 3. The type of cassava mosaic disease symptoms on cassava associated with
single and double infections by African cassava mosaic virus (ACMV) and East African
cassava mosaic virus (EACMV)2.

Number of Percentage associated

Type of symptom plants assessed with

ACMV  EACMV ACMYV + EACMV

Yellow-green mosaic 174 78.7 1.7 19.6
Whitish/bleaching-green mosaic 13 76.9 0.0 23.1
Combinations of the two

symptom types 207 68.1 0.0 31.9

*Only plants of the same genotype were assessed in each field in this study.
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Figure 9. Some notable symptoms associated with African cassava mosaic virus (ACMV) in single
infection and in double infection with East African cassava mosaic virus (EACMV).

(a): ragged leaf, (b): reduced and wrinkled leaflets on an infected leaf and uninfected leaf (right), (c): multiple shoot-
ing caused by severe symptoms of ACMYV, (d): uninfected plant of the same genotype as in (c), reduced leaf size and
stunted plant due to mixed infection by ACMV and EACMYV, and (f): defoliation caused by mixed infections by the

two viruses.

Alternative host of ACMV and EACMV
ACMYV and EACMYV were diagnosed in a leguminous weed (Senna occidentalis (L.) Link)
showing mosaic symptoms (Fig. 10a [i]) while the plant in Fig. 10a [ii] was symptomless.
The two viruses also co-infected Combretum confertum Lams. showing very bright mosaic
symptoms (Fig. 10b [i]). ACMV was also diagnosed in castor Ricinus communis L. with
leaves exhibiting coalesced chlorotic spots (Fig. 10c [i]).

By PCR tests, S. occidentalis was positive for ACMV and EACMYV (Fig. 11). Similarly,
C. confertum tested positive for the two viruses. ACMV was detected in castor oil leaf while
extracted DNA of wild cassava M. gloziovii, which was collected during the survey tested
positive for ACMV and EACMV. A pair of degenerate primers (Table 1) for the detection
of whitefly-transmitted geminiviruses reacted positively with DNA from C. confertum,

castor, and wild cassava.
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c (i) c (ii)

Figure 10. Natural hosts of African cassava mosaic virus (ACMV) and East African cassava mosaic
virus (EACMV) in Nigeria.

(a) (1): infected Senna occidentalis (L.) Link, (ii): healthy S. occidentalis; (b) (i): infected Combretum confertum Lams., (b)
(ii): healthy C. confertum Lams.; (c) (i): infected leaf of Ricinus communis L, (c) (ii): healthy leaf of R. communis.

21

Cassava mosaic (CMD) new.indd 21 9/6/2006, 12:36:08 PM



M12345678910 11 12 13 14
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Figure 11. The detection of African cassava mosaic virus and East African cassava mosaic
virus in weed samples in cassava fields in Nigeria“.

*Total DNA was extracted from the infected leaves of the weed samples and tested by polymerase chain reactions.
M = 1 kb plus marker. Lane 1 (A legume, Senna occidentalis), 2 (unidentified weed), 3 (Castor oil plant Ricinus
communis), 4 (wild cassava, Manihot glaziovii), 5 (cassava leaf as positive control), 6 (healthy cassava leaf as negative
control), and 7 (DNA extraction buffer also as negative control). This arrangement was repeated in lanes 8-14 and
15-21. Lanes 1-7 were tested by ACMYV specific primer ACMV-AL1/F/ARO/R (Zhou ez al., 1997); lanes 8-14 by a
pair of degenerate primers, Primer A/B (Deng et al. 1994) and lanes 15-21 by EACMV primers, UV-AL3/F/AL1/R2
(Zhou et al. 1997).

Whitefly populations and their distribution

Whitefly populations ranged from 0 to 500 per plant (Fig. 12). In southern Nigeria, the
whitefly population varied within a locality and also within a farm based on the variet-
ies being cultivated. In some farms, it was observed that some varieties supported higher
whitefly populations than other varieties (data not shown). Most farms in the south had
whitefly populations of between 5 and 500 per plant (Fig. 12). In comparison, most farms
in the north starting from the middle belt (Kwara, Kogi, and Benue states) had whitefly
populations of between 0 and 4 per plant. A lot of the farms in the northeast and northwest
had no whiteflies.

The transmission of CMD in southern Nigeria was observed to be by infected cuttings
and by whitefly vectors while CMD transmission was mostly by infected cuttings in the
north. When the virus has been transmitted through cuttings, at least the first six leaves
at the base of the primary stem are diseased (Fig. 13a), while in vector transmission, the
first six leaves at the base of the primary stem are usually symptomless (Fig. 13b) (Ogbe
et al. 2003a).

22

Cassava mosaic (CMD) new.indd 22 9/6/2006, 12:36:10 PM



Benin

Cameroon

A Town
m Low (£ 4)

© Moderately high (5-10)
0 High (> 5<50)
® Very high (> 5 <500)

Gulf of Guinea

200 0 200 400 kilometers

Figure 12. Whitefly vector populations and their distribution in cassava fields in Nigeria'.

"The country is partitioned into states as follows: AK = Akwa Ibom, BY = Bayelsa, CR = Cross River, DT = Dellta, ED
= Edo, RV = Rivers, AB = Abia, AN = Anambra, ED = Ebonyi, EN = Enugu, IM = Imo, EK = Ekiti, LA = Lagos, OG
= Ogun, ON = Ondo, OS = Osun, OY = Oyo, BN = Benue, KG = Kogi, KW = Kwara, NS = Nassarawa, NG = Niger,
PL = Plateau, FCT = Federal Capital Territory, AD = Adamawa, BA = Bauchi, BR = Borno, GB = Gombe, TR = Taraba,
JG = Jigawa, YB = Yobe, KD = Kaduna, KN = Kano, KT = Katsina, KB = Kebbi, SK = Sokoto, ZM = Zamfara

The figures given in the legend were the whitefly populations per plant.

Figure 13. The pattern of mosaic symptoms on cassava plants infected through infected stem
cuttings and through whitefly vector transmission

(a) stem cutting transmission: leaves at the base of the primary stem are also symptom-bearing; (b) whitefly vector
transmission: the leaves at the base of the primary stem are symptomless.
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Discussion

The predominance of ACMYV in single infection over EACMYV in Nigeria had been reported
from a survey conducted in 1997 and 1998 (Ogbe 2001). In that survey, only one sample
(0.05%) was diagnosed to contain EACMYV in a single infection out of the 290 samples
tested. This was similar to the present survey in which three samples (0.3%) were single
infections of EACMYV out of the 1106 samples tested. Single infection of EACMYV was also
not common in Céte d’Ivoire (Pita et al. 2001b) or Cameroon (Fondong et al. 2000). This
contrasts with results from the coastal areas of Tanzania, Kenya, and Malawi and Madagascar
where single infection by EACMYV predominates (Swanson and Harrison 1994; Ogbe et al.
1997a, b). More and wider distribution of mixed infections by ACMV and EACMV was
recorded in the present survey than in the survey conducted in 1997 and 1998. The mixed
infections were distributed across the entire country (Fig. 7) whereas in the earlier survey
the distribution was from the south only to the middle belt of the country (Ogbe 2001).
In addition, the 1997/98 survey found 9.3% mixed infections compared with the 24.1%
in the present survey. In this survey, more routes were covered, visiting more farms and
more plants per farm were sampled than in the 1997/98 survey to increase the sensitivity
of the survey, particularly with respect to detecting EACMV-Ug2. Intensive cultivation of
cassava and the dissemination of the viruses by whitefly vectors, particularly in southern
Nigeria, could also be the cause of a greater number of farms with mixed infections. Mixed
infections by ACMV and EACMYV with the associated severe symptoms have been reported
in Uganda, Tanzania (Harrison et al. 1997; Pita et al. 2001a), and Cameroon (Fondong
et al. 2000).

It is important to note that the distribution of farms with cassava plants with either
moderately severe or severe CMD symptoms (Fig. 3) was similar to the distribution of
double infections by ACMYV and EACMYV (Fig. 7). This implies that the more the number
of farms where mixed infection was detected, the greater the number of farms with cassava
with severe symptoms. Since it may be difficult to prevent mixed infections, which are
brought about by whitefly transmission and through the planting of infected stem cuttings,
the severe symptoms associated with such infections can be mitigated through the cultiva-
tion of resistant genotypes. The cultivation of cassava genotypes with adequate resistance to
CMD might partly explain why doubly infected plants generally did not show very severe
symptoms in Delta State (Table 2) where different genotypes were being cultivated, and
some of which were improved genotypes. This is an indication that the CMD project can
make the desired impact in combating the severe form of CMD through the introduction
of desirable resistant genotypes into the agroecologies of Nigeria.

For most genotypes, either singly or doubly infected in most parts of northern Nigeria,
to show similar levels of CMD severity (Table 2) implies that the genotypes might be similar
in their reactions. The genotypes may also have not had high levels of CMD resistance.
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Observations in southern Nigeria confirmed that it requires double infections to induce
more severe symptoms on resistant genotypes than the symptoms induced by single infec-
tion. It appears from this study, therefore, that more resistant and heterogeneous genotypes
are being cultivated in the south than in northern Nigeria.

Differences in the proportion of resistant genotypes being cultivated in the various
states in Nigeria could partly be responsible for this different CMD status (Fig. 1). Another
plausible reason for the differences could be a result of differences in the distributions of
possible variants of ACMV and EACMYV and double infections (Fig. 7).

Biological variants of ACMYV reported by Ogbe et al. 2003b were determined on Nico-
tiana benthamiana, an experimental host. In the present study, two biological variants of
ACMYV based on symptoms on cassava were obvious (Table 3, Fig. 8). The two variants
mostly co-infected cassava (Table 3) producing possible synergistic effects that might be
responsible for the severe symptoms observed in plants infected only with ACMV (Figs.
9¢, 13a, b). Thus mixed infections by ACMV and EACMYV and double or mixed infec-
tions by variants of ACMV could be more common in Nigeria than single infections. This
could partly account for the fairly high proportion (48%) of farms with cassava showing
either moderately severe or severe symptoms of CMD (Fig. 3). There is a need to provide
farmers with new improved varieties with high levels of resistance to CMD. This indicates
that the activities of the CMD project should extend beyond the south—south and the
southeastern states in order to control CMD in Nigeria. From the results of this survey,
the resistant cassava genotypes selected for introduction to farmers in the south—south and
southeast should also be evaluated for adaptation in the southwest, middle belt, northeast,
and northwest geopolitical zones.

A genotype with high level of resistance to CMD, if introduced to the northern geopo-
litical zones, could be cultivated for a longer time than in the southern geopolitical zones
with less risk of that genotype becoming infected with CMD. This is because whitefly
populations in the northern geopolitical zones are low (Fig. 12) and the intensity of cassava
cultivation is low leading to limited exchange of planting material. This has resulted in a
low rate of spread of CMD (Akano et al. 1995). The decrease in whitefly population from
southern Nigeria (humid region) to the north (semiarid and arid regions) had earlier been
observed in Nigeria (Akano et al. 1995; Ogbe et al. 2001). A decline in whitefly populations
was also observed from the forest to the savanna agroecologies in Cote d’Ivoire (Fargette et
al. 1988). Because of the high vector populations and availability of inoculum the southern
geopolitical zones in Nigeria are therefore more suitable for the screening of cassava for
resistance to CMD. In these zones, the intensity of cassava cultivation is high leading to
possible frequent exchange of planting material; whitefly vector populations are high (Fig.
12) for rapid spread of CMD; and there are high proportions of plants doubly infected by
ACMYV and EACMYV and their variants.

Identification of ACMYV and EACMYV in Senna occidentalis and Combretum confertum
(Fig. 10a, b) has added to the list of natural alternative hosts of the viruses. Shoyinka et
al. (2001) had earlier reported castor oil plant Ricinus communis as an alternative host of

ACMYV and EACMV. In the present survey, ACMV was also detected in R. communis leaf
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(Figs. 10c, 11). The newly identified natural hosts of ACMV and EACMYV (Fig. 10a, b)
are fairly common in southern Nigeria as is also the castor oil plant. The wider host range
of ACMV in southern Nigeria is of epidemiological importance as the alternative hosts
could serve as reservoirs of inoculum.

EACMV-Ug2 was not detected in Nigeria (Fig. 4). This implies that the virulent Ugan-
dan variant has not manifested itself nor been introduced into Nigeria. This corroborates
the earlier report by Ogbe (2001). Negative results obtained for the diagnosis of ICMV and
SACMYV also indicates that these viruses do not presently occur in Nigeria. The unidentified
isolates (Fig. 7) further need to be characterized; they could be strains of cassava mosaic
begomoviruses. Genetic modification by mutation or recombination of geminiviruses has
produced new species and strains such as EACMV-Ug2 (Zhou et al. 1997) and SACMV
(Berrie et al. 2001). Although the virulent Ugandan variant was not apparently present in
Nigeria, the high proportion of double infections by ACMV and EACMYV, and the occur-
rence of variants of ACMYV (Fig. 8), provide suitable conditions for the possible evolution
of new strains or species of cassava begomoviruses in Nigeria. The unidentified isolates
found in this study could be such newly evolved species or strains. Appropriate measures
are, therefore, necessary to safeguard cassava production in Nigeria. This CMD project is
timely, providing additional resistant cassava genotypes to the Nigerian farmers to forestall
the consequence of any outbreak of a virulent strain or species of cassava begomovirus and
to also minimize the impact of EACMV-Ug2 if it eventually spreads to Nigeria.
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Conclusion

In 2002 and 2003, a diagnostic survey was conducted to determine the status of CMD and

cassava mosaic begomoviruses in Nigeria. From the results obtained, we have concluded:

* At the time of the survey, ACMV and EACMYV were the only cassava mosaic bego-
moviruses occurring in Nigeria. ACMV predominates occurring as both single infec-
tions and as mixed infections with EACMV.

*  Double infections by the two viruses were widespread. They were generally charac-
terized by severe symptoms and their distribution was current with the farms with
cassava with severe symptoms of CMD.

* Biological variants of ACMYV, based on symptoms on cassava, occured. The propor-
tion of dual infections by the variants was high and the dual infections were charac-
terized by severe symptoms.

* Additional natural hosts of ACMV and EACMYV were identified and they could fur-
ther provide additional disease foci for the spread of CMD by the whitefly vectors.

*  The south-south, southeast, and southwest geopolitical zones were most appropri-
ate for the screening of cassava genotypes for resistance to CMD. In these zones,
most plants were infected with CMD and a high proportion had severe symptoms.
Whitefly vector populations were high and cassava cultivation was intensive in these
zones. These conditions enhance the spread of CMD an ideal situation for screening
for resistance.

* Additional resistant cassava genotypes should be provided to cassava farmers in
Nigeria to mitigate the severe CMD symptoms already occurring at a fairly high level
in cassava fields. Such genotypes could also prevent an outbreak of a severe form of
CMD, either due to EACMV-Ug2 or other virulent strains of cassava begomoviruses
that may evolve in Nigeria, from having devastating consequences.
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