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Executive Summary

The project has tested with farmer groups in both Uganda and Tanzania the use of CMD-resistant

varieties and different cultural control practices, notably roguing and intercropping with a resistant

cassava variety to protect a susceptibleone. Fi el d demonstration plots in 5 f
have demonstrated to farmers (and validated for researchers) the lower incidence of CMD in resistant

varieties (00067; TME14; TME204 and NASE 10) and in CMD susceptible landraces (Njule; Kabwa)

planted amongst a CMD-resistant variety (00067). Resistance was the most effective means of

controlling CMD but the cultural control measures did help sustain production of moderately resistant

local landraces.

A leaflet describing the causes, means of spread and various means of controlling CMD through the use
of high-yielding resistant varieties has been developed by the Uganda team in English, Luganda and
Luo. This has also been translated into Swahili by the Tanzanian team. 10,000 leaflets have been
printed. Members of the Tanzanian team have also visited Uganda to exchange ideas.

Training in how to control CMD has been provided to farmers in the collaborating farmer groups in

Uganda. Here, however, the pandemic has long been established and most farmers are already aware of

the causes of the disease. In Tanzania, this is not the case and the project has collaborated with other

organisations, notably the Norwegianpeopl eds Aid (NPA), to provide trai.
within the Lake Zone but also further afield in the country. This collaboration with NPA has also extended

to providing technical aid in the dissemination of planting material of resistant varieties.

Populations of whiteflies 100x greater than before the CMD pandemic are now observed in Uganda and
elsewhere. Sooty mould is often observed blackening middle and lower leaves where whitefly excreta
have become infected with fungi. Chlorosis and stunting of middle and upper leaves occurs, caused on
the upper leaves by adults feeding and on middle leaves mainly by nymphs feeding. In a trial in Uganda
repeated in two seasons and involving eight varieties, insecticides which controlled the whiteflies
removed observable signs of whitefly feeding damage, reduced spread of CMD in susceptible varieties
and led to a greater root yield even in some CMD neari immune varieties. Screening Ugandan landraces
(279) for resistance to whiteflies has led to the identification of a few resistant ones, e.g., Njule. Some
released varieties also supported relatively few whiteflies. Screening of advanced clonal accessions has
identified resistance in clones in national advanced and uniform yield trials (AYT & UYT). In particular,
the clones MM96/4271 and MM96/0686 supported few whiteflies and whitefly nymphs in UYT and
were also chosen by farmers and scientists using other criteria. Resistance of identified clones has
been confirmed in screenhouse preference tests.

Project scientists have also identified the presence of an outbreak of another whitefly-borne virus,
cassava brown streak, in Uganda. This seems likely to result from the large numbers of whiteflies
affecting cassava crops here and whitefly resistance may be a key component in its control.



Background

Cassava is the second (after maize) most important food crop grown in Africa, overall providing about
a fifth of the calories in the diet. AIthough most important in West Africa, Tanzania, with the largest
production in East Africa, has the 4™ largest production in Africa (FAOSTAT) in both Tanzania and
Uganda, it is the most important crop of about half the farmers and the 2" most important staple food
crop (Hillocks et al., 2002). The storage roots of cassava are commonly boiled fresh and eaten daily
as part of a meal (with meat or vegetable sauce) but they are also fermented and/or sun-dried into
chips which can be ground into a flour. Most varieties of cassava can be harvested over many
months, and both the dried chips and the flour can be stored for several months or years, adding to

the cropbs food security value. The crop is relativel

infertile soils, hence, its importance to relatively poor families farming marginal lands (Robertson &

Ruhode, 2001). Although the crop is important for all sectors of the population in most areas of both

countries, problems with the crop inevitably cause more hardship to poorer members of society

because they have few resources and fewer alternatives. Women are involved in all operations of

production, processing and marketing (Kebe et al., 2001). FAO also identifies cassava as the crop in

East AfricathatAwi | | spur rur al i ndustrial devspraegssos,nt and
and traders. Cassava will contribute to the food security status of its producing and consuming

hous e h(&dbeetal, 2001).

Cassava mosaic disease (CMD) is the main biotic constraint of cassava in Africa, diminishing
production by an estimated 15% to 24% or 12 to 23 million tonnes per annum (Thresh et al., 1997).
CMD is caused by viruses belonging to the genus Begomovirus, family Geminiviridae. Cassava
mosaic geminiviruses (CMGs) are transmitted in the persistent manner by the whitefly Bemisia tabaci
(Hemiptera: Aleyrodidae) and CMD is the most damaging, insect-borne disease of African food crops
(Fauquet & Fargette, 1990; Geddes, 1990). Harrison et al. (1991, 1995) identified two CMGs - African
cassava mosaic virus (ACMV) and East African cassava mosaic virus (EACMV) - from CMD-affected
plants from different parts of Africa. Initially, ACMV and EACMV seemed to have largely non-
overlapping geographic distributions. EACMYV was detected only in West Africa in a sample collected
i n C1t tire frodné Maviedy introduced from Madagascar but was otherwise found in East Africa in
Malawi, Madagascar, Zimbabwe and the coastal regions of Tanzania and Kenya. ACMV occurred in
all the West African countries sampled (Benin, Burkina Faso, Ghana, Cétedé | voi r e, Nigeri a
Senegal) and also in Angola, Burundi, Cameroon, Chad, Congo, Mozambique, South Africa, Zambia,
Uganda, Western Tanzania and Western Kenya. More recent surveys show that EACMV now has a
much wider distribution, occurring in western Kenya and Tanzania (Ogbe et al., 1996; 1997; Harrison
et al., 1997) and even in West Africa, in Cameroon, Togo, Ghana, Nigeria, Benin and Guinea.

Serious losses in yield due to CMD were first observed in East Africa in the 1920s (Hall, 1928). The
earliest recorded epidemics of the disease in the region occurred in the 1930s and 1940s (Jameson,
1964) and were contained by phytosanitation and the use of resistant or tolerant varieties. CMD,
though endemic, largely remained at a low incidence in Uganda until the late 1980s when outbreaks
of a severe form were reported in northern Uganda (Otim-Nape et al., 2001). Previous project results
(R5240; R6614) showed that the epidemic was associated with unusually large whitefly populations,
rapid spread of CMD and very severe CMD symptoms (Gibson et. al., 1996), and had devastating
consequences on cassava production. A novel strain was described from infected cassava plants
taken from areas in the country then experiencing the epidemic (Harrison et al., 1997). Despite
having the serological properties of ACMV, nucleotide sequencing data showed that it was
predominantly EACMV and was a natural recombinant of ACMV and EACMV (Zhou et al., 1997).
This strain, called the Uganda variant (UgV)(Harrison et al., 1997) or EACMV-Ug, alone or in dual
infections with ACMV (hitherto the only reported cause of CMD in Uganda), were shown
experimentally to cause the severe symptoms typical of the epidemic. The epidemic expanded
southwards throughout Uganda in the 1990s and now many other countries in East and Central Africa
are affected (Harrison et al., 1997; Legg, 1999; Legg et al., 1999; Neuenschwander et al., 2002),
becoming a pandemic. Its arrival in Tanzania around the turn of this century has resulted in the
Department of Research and Development giving highest priority to controlling virus diseases of root
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crops (principally CMD) in the Lake Zone. The pandemic has already created much hardship in areas
affected to the west of Lake Victoria, although the northern part of this area (northern Kagera Region)
is primarily a banana growing zone. The impact looks set to increase dramatically as severe CMD
spreads to the south and east of the Lake, where farming communities depend even more on
cassava for their livelihoods.

Work began in the Colonial period in several countries, particularly in Madagascar and at the Amani
Research Station in what is now Tanzania, to develop CMD-resistant varieties (Jennings, 1960).
Adequate resistance was only identified within wild species, notably the ceara rubber plant, Manihot
glaziovii (Nichols, 1947). Resistant clones with satisfactory yields were developed from crosses with
the cultivated species. When breeding work in Tanzania was terminated in the late 1950s, material
was transferred to Nigeria and a selection was used at the International Institute of Tropical
Agriculture (IITA) as a source of resistance. Breeding there has led to a series (Tropical Manihot
species, coded TMS) of agronomically improved resistant cassava clones and seed stocks being
released to national programmes in Africa (Hahn, 1994). Another source of resistance has more
recently been identified in some West African landraces, controlled by a dominant gene (Akano et al.,
2002), the TME (Tropical Manihot esculenta) series. Some of the TME x TMS crosses appear to be
effectively immune to CMGs. Both the Tanzanian and Ugandan national programmes have acquired
both TMS and TME genotypes and also seed from IITA to make their own selections. Many of the
best new materials are the result of TME by TMS crosses and these feature strongly in advanced
germplasm in both Uganda and Tanzania. For example, Akena (192/0067) is the product of TMS
91934xTME 1 half sib. Omongole (192/0057) is TMS 30555xTME 1 half sib. 191/02324 and 191/02327,
both of which are highly resistant, are TME 1 half sibs.

CMGs systemically infect stem cuttings, the normal means of propagating this crop. Consequently
farming activities disseminate CMGs geographically and maintain them through successive cropping
cycles. Whiteflies then cause spread within and between crops, the extent of each varying with the
local balance of the whitefly populations and disease inoculum within and surrounding the crop
(Fargette, Fauquet & Thouvenel, 1988; Fauquet & Fargette, 1990; Fargette et al., 1990; Byabakama,
1996; Legg et al., 1997; Legg & Ogwal, 1998). In areas where the viruses are spread slowly by
vectors, cutting-derived infection can, as in coastal Kenya (Bock & Guthrie, 1982), be the main source
of diseased plants. Efforts to rehabilitate the cassava industry in Uganda in the 1990s using large-
scale introduction of disease-f r e e, 6cl eand, pl antdong 6mébtye CM®I (baolk | ovii
systematic eradication) were relatively unsuccessful (Otim-Nape et al., 1997) until more resistant
varieties became available. On a local scale, planting largely clean cuttings and roguing out diseased
plants from newly established crops is a recommended practice (Bock & Guthrie, 1982; Thresh et al.,
1997) but a serious limitation on its efficacy seems to be that much spread of CMD originates outside
of crops. Cultural control measures do, however, seem to offer a practical means of CMD
management for at least some African savannah-type agro-ecosystems when combined with an
appropriate level of varietal resistance (Bock, 1994) and could be a component of most control
strategies. In both TMS and TME clones, several facets of resistance seem to offer opportunities to
combine resistance with cultural control. These include resistance to infection, and resistance to
systemic spread of the virus such that plants may recover from infection (Storey and Nichols, 1938;
Terry, 1982) and cuttings taken from diseased plants may revert to being disease-free (Pacubamba,
1985; Fauquet et al., 1988). In practice, reversion is extremely important in together preventing the
gradual build-up of disease which would otherwise be inevitable even in resistant varieties during
successive cycles of vegetative propagation (Fargette, Thresh & Otim-Nape, 1994).

CMD-resistant varieties have been the main means of controlling CMD epidemics in Africa for many
decades and the deployment of several CMD-resistant cassava varieties by the Ugandan National
Cassava Programme (UNCP) has provided a classic example of their role in bringing the epidemic
under control. However, it is clear from work conducted by R7505, PL480-funded surveys etc that
resistant varieties need to be adapted to the local agricultural and socio-economic environment if they
are to be adopted. To date, 12 CMD-resistant varieties (coded Nase 1 to 12) have been released in
Uganda and many other clones are at advanced stages of breeding. Recommendations have applied
only to the use of varieties grown as a monocrop. It has been shown experimentally that CMD-



susceptible cassava landraces can be protected from CMD by growing them amongst resistant
varieties, presumably because viruliferous whiteflies seldom generate further sources of infected
plants when they feed on resistant varieties (Sserubombwe, 1998; 2001).

Although much knowledge has already been applied in Uganda to control the CMD pandemic there,
elsewhere it continues to limit cassava production. Some CMD-resistant varieties have already been
deployed in neighbouring countries now affected by the pandemic, particularly Kenya, Tanzania and
Rwanda. The Tanzanian Government is introducing farmer field schools (FFs) as a training approach
throughout the country providing opportunity for expanding farmer participation in work on CMD and
extensive scope for development and promotion of CMD management approaches there.
Multiplication of CMD resistant cassava varieties has been initiated in Kagera (north-western
Tanzania) in response to the devastating impact of the severe CMD pandemic on local varieties.
These circumstances provide opportunity here to achieve extensive training in CMD control.

Plate 1: A large multiplication block of CMD resistant cultivar TME 204 showing drooping and
yellowing of leaves initiated by heavy feeding by B. tabaci adults and nymphs. Looking on with
concern is Mr. George Kituka, Farm Manager of Mukono Agricultural Research and Development
Centre (ARDC), Uganda.

Work in West Africa showed that the B. tabaci colonising cassava there was restricted largely to this
host; B. tabaci colonising cotton, sweet potato and other plants were unable to survive on cassava
(Burban, et al., 1992). Work funded by ODA under R5240 showed that whitefly on cassava in Uganda
are similarly host-restricted (Legg, Gibson & Otim-Nape, 1994; Legg, 1995). As well as a novel virus,
an increased abundance of the whitefly vector, B. tabaci, especially at the epidemic front (Legg,
1995), drives the pandemic and passage of the epidemic was, in all cases, associated with boosted
whitefly populations. Although the acuteness of the CMD epidemic declined following the initial stage
of rapid spread, the elevated B. tabaci populations associated with the epidemic (Otim-Nape et al,
1997; Legg and Ogwal, 1998) have remained seemingly permanently elevated in areas affected by
the pandemic. In many places these populations are 100 times the pre-epidemic levels, and it has
been noticeable that abundances have been even greater still on some of the newly-introduced CMD-
resistant varieties. Lower leaves of cassava plants are being observed covered in black sooty moulds



thriving on the abundant whitefly excreta (often

photosynthesis. Plants are also being drained of sap to the extent that the whiteflies themselves seem to
be a direct pest on cassava. This has previously been unknown anywhere in Africa and the Ugandan
National Cassava Programme (UNCP) was extremely concerned at this new situation. The elevated
numbers are at least partly mediated by infection with EACMV-Ug increasing the fecundity of B.
tabaci on cassava (R6614) (Colvin et al., 2004). In other crops elsewhere, changes both in the
number of whitefly and their ability to transmit diseases have also been attributed to the evolution or
introduction of new whitefly biotypes. Possible changes in the B. tabaci population associated with
the epidemic in Uganda (Gibson et al., 1996) appear to be being confirmed by molecular evidence for
a distinct B. tabaci genotype cluster associated with the pandemic (Legg et al., 2002).

Symptoms of whitefly damage are most evident during dry periods of the year. Direct damage
symptoms are caused both by adults and nymphs. Direct damage symptoms caused by adults
comprise a diffuse mottled chlorosis on shoot tips, where the adults are concentrated. In severe
cases, the yellowing can be quite marked and there is a clear reduction in leaf size. Nymphs also
cause direct damage to lower leaves through their feeding activity. In the worst cases there is a
marked reduction in leaf size, a tendency for the leaves to dry out and where this occurs there is often
early abscission. More obvious, however, is the indirect damage caused by the immature stages,
where exuded honeydew falls onto lower leaves, providing a substrate for the development of sooty
moulds. In the worst cases, this can lead to the blackening of leaves, petioles and stems on the lower
part of the plant leading to a reduction in the efficiency of photosynthesis and impaired leaf growth.
The net result of all of these symptoms is a reduction in starch formation in the tuberous roots leading
to reduced yields. These reductions are not of the magnitude of those caused by the severe epidemic
CMD, or other acute pests such as the cassava mealybug and, during the rainy seasons, symptoms
may disappear and the trauma that the plant has suffered is not immediately apparent. Experience
from work on the cassava green mite, Mononychellus tanajoa has, however, shown that pests that
are primarily active during dry periods, and from which there is an apparent recovery during rains,
may still give rise to substantial yield losses. In the case of the cassava green mite, yield losses have
typically been reported to be of the order of 50%. It was therefore surmised that there may be a
similar situation for Bemisia tabaci whiteflies, with substantial yields losses being incurred in spite of
the seasonal nature of the symptoms. The increase in the population of whiteflies also increases
enormously the selection pressure for virus isolates able to overcome the current CMD-resistance - and,
if this occurred, the effects would be devastating. It also increased the risk of whitefly-borne viruses
belonging to groups other than the Geminiviridae i such as a Crinivirus or Ipomovirus - affecting cassava
crops in the Lake Zone. Cassava brown streak virus, for example, is a whitefly-borne Ipomovirus
currently restricted to | owl an d-altitudecanditiors coald be p s
disastrous to Ugandan farmers. However, just as several of the CMD-resistant varieties (e.g., Nase 4)
seem to support large whitefly populations, UNCP scientists identified that some local genotypes
supported relatively few. It was considered essential that this diversity should be a) recorded, b)
understood, including the risk of its breakdown in plants infected with EACMV-UG, and c) exploited.
Controlling the whitefly vector through host plant resistance would complement both CMD resistance
and cultural controls. Work at CIAT has identified American cassava genotypes resistant to an
indigenous whitefly species but selecting plants resistant to B. tabaci has never been reported as a
main aim of cassava breeding programmes in Africa.
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Project Purpose

Modern resistant varieties (MOVSs) provide the main control strategy for the cassava mosaic disease

(CMD) pandemic in Africa, but no single variety is perfect. The project, in partnership with the

international Tropical Whitefly IPM Project, aimed to validate MOVs and other control technologies

including selection of planting material and mixing susceptible landraces with resistant varieties in a

close working collaboration with farmers in Uganda (planned: Lira and Mukono Districts; actual: Apac

and Mukono Districts) and Tanzania (Lake Zone). -Dedosgughttbi s col I
develop farmer-validated promotional systems/materials for national (e.g. NAADS) and regional

dissemination (IITA, EARRNET). Research on-station also sought cassava genotypes resistant to

Bemisia tabaci, the whitefly vector of CMD, to provide protection additional to the existing CMD-

resistances.

Specific aims of the project included to:

¢ Work with farmer groups to:

identify appropriate CMD-resistant varieties and the basis for their adoption;

identify practices for the sustained production of moderately CMD-resistant landraces;

- test whether CMD-resistant varieties can protect moderately CMD-resistant landraces in
mixtures.

¢ Use the above collaborations with farmers as test-beds to develop and validate training materials,
systems and general promotional materials for informing farmers. These will be made available to
regional organisations for wider promotion. Training in CMD control will be provided to:
- collaborating farmers;
- facilitators to both train further farmers and to train trainers.

¢ Quantify the apparent direct damage being caused by B. tabaci to susceptible released cassava
varieties.

¢ Confirm the apparent presence of B. tabaci-resistance within African cassava germplasm, identify
resistant genotypes and test whether this resistance is maintained in CMD-affected plants.



Research Activities

Output 1. Current yield losses due to B. tabaci assessed, B. tabaci-resistant cassava
genotypes identified and resistance described, including effect of CMD.

Activity 1.1. Assessment of yield losses attributable to B. tabaci direct damage. Two replicate
trials were planted, one in October 2002 and the other a year later, at the Namulonge-Sendusu
experimental station. The main treatment comprised whitefly protected and whitefly unprotected plots
arranged in a randomised design of four replicates. Protected plots were treated with two insecticides
to maintain whitefly populations at very low levels of abundance. The systemic neonicotinoid,

i midacl oprid (ftirdooded)nawaes &@@Popn i ed as a soil drench ar
plant in the trials shortly after sprouting (one month after planting [MAP]) and at four months after
planting. Foliar applications of the dauamrsthddt weyreet hr c

made at weekly intervals throughout the duration of each of the trials. Unprotected plots received no
insecticide. Each of the above plots comprised subplots of eight varieties, again arranged in a
randomised design; each subplot comprised 5 x 5 plants each spaced at 1m by 1m. The varieties
used were: Ebwanateraka (local CMD-susceptible), Njule (local CMD-susceptible), Nase 3 (= TMS
30572, = Migyera, improved CMD-resistant), Nase 4 (= SS4, improved CMD-resistant), Nase 10 (=
0063, improved CMD-resistant), Nase 12 (= 0414, improved CMD-resistant), 0057 (= Omongole,
improved CMD-resistant) and 0067 (= Akena, improved CMD-resistant). Sorghum barriers were
planted between subplots to minimize the effects of spray drift and spray was applied to protected
subplots during the early evening when wind tended to be moderate to light and to minimize the
possibility of spray burn during daylight hours.

Each trial ran for a period of 12 months. Whitefly adults were counted each week on five plants per
subplot during the growing period: all adult B. tabaci on the top five leaves of the tallest shoot of each
selected plant were counted. The incidence and severity of cassava mosaic disease (CMD) were
recorded for all plants in the trial at monthly intervals. Severity was scored using the standard 1 - 5
scale in which 1 represents a symptom-free plant and 5 a plant with the most severe symptoms
comprising strong chlorotic mosaic, leaf distortion and plant stunting. Assessments were also made at
monthly intervals of the severity of sooty mould and feeding damage caused by whiteflies, again
using severity scores ranging from 1 - 5, with 1 representing absence of symptoms and 5 the most
severe symptoms. At harvest, all plants within each varietal plot were harvested. Data were analyzed
for each parameter using analysis of variance and int
correlation analysis and multiple regression.

Activities 1.1 71 1.5. Assessment of whitefly resistance in the field and in screenhouse tests.
The Ugandan National Cassava Programme breeding scheme comprises successive stages of
seedling nursery, clonal evaluation trial, preliminary yield trial (PYT), advanced yield trial (AYT),
uniform yield trial (UYT) and on-farm evaluations. The seed lots planted in the seedling nursery are
normally obtained from deliberate crosses (by hand) between selected elite genotypes as parents or
from open pollinated plants in a crossing block planted with selected elite parents. The number of
accessions declines progressively down the chain as clones are eliminated because of non-
compliance with target attributes. The major target attributes have been resistance to CMD and major
arthropod pests (cassava green mite & mealybug) and acceptable tuberous root quality. With the
identification of whiteflies as a direct pest of cassava, resistance to them started being included in
scoring beginning with cassava genotypes planted in May 2003 in the AYT and UYT trials at
Namulonge Agricultural and Animal Production Research Institute (NAARI). AYT and UYT trials are
designed as randomised complete block trials replicated four times, each accession being planted in
four plots each 5m x 6m with a 2 m wide unplanted border between plots and blocks. B. tabaci adults
and nymphs were counted each month on the five top open leaves for each of 20 randomly selected
plants in each plot from 3 months after planting (MAP) to 7 MAP. Mean values were calculated for
adult and nymph counts and the data were subjected to repeated measures analysis of variance
(ANOVA) using GENSTAT to examine statistical significance.
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A large number of cassava germplasm grown under the auspices of EARRNET (East African Root
Research Network) are periodically evaluated in the field at Serere Agricultural and Animal
Production Research Institute (SAARI) in eastern Uganda. The member countries, of which Uganda
is one, can freely access the germplasm and select lines to feed into their own variety development
schemes. A germplasm batch was planted between May and June 2003 and 393 genotypes of these
were also screened for resistance to B. tabaci. Since the number of lines to be screened was very
large, a quick protocol was devised. This involved counting B. tabaci adults and nymphs only on the
middle leaflet of the four top open leaves per plant starting 3 months after planting (MAP). Data were
taken every month until 6 MAP. The data were summarised and population means for each genotype
were obtained from the two replications used. Some 66 genotypes were selected in April 2004 for
further evaluation at NAARI but unfortunately the planting material died due to a prolonged drought
that occurred from May to August 2004. Backup material is being obtained from SAARI to repeat this
trial.

In a further approach to accessing diversity, >200 landraces were collected in Uganda as part of a
separate EU-funded project in 2002. Cuttings obtained from symptomless plants of each landrace
were planted at NAARI in single row plots (10 plants/row) in two replicates. Numbers of adult
whiteflies on the top 5 open leaves of all plants had been recorded as part of the study and were
therefore available for analysis. Four successive records from the trial were summarised for all the
plants per variety and mean values from the two replicates obtained.

Whitefly resistance was apparent amongst the landraces but there was a need to confirm this,
especially for the landraces which were least colonized, partly to exclude any confounding effect on
colonization of CMD (most landraces are very susceptible to CMD). Thus cuttings from symptomless
plants were re-collected for 15 selected landraces in September 2004, cuttings of 4 CMD resistant
varieties were also obtained. These were planted directly in the soil floor of an insect-proof
screenhouse at NAARI in a randomised block design comprising three replicate plots of each cultivar,
each plot comprising three plants. At 21 days after planting (DAP) random samples of B. tabaci
adults of both sexes in unknown proportion picked from the middle of a multiplication block (CMD-
free) of improved CMD resistant cassava variety Nase 10 were released in the experimental
screenhouse. The whiteflies were allowed seven days after released to settle on the plants.
Thereafter adult numbers on the top five leaves of every plant were counted at interval of every seven
days. Data taking was stopped after three consecutive records to avoid inclusion of newly emerged
adults in counts. The data were subjected to a repeated measures analysis of variance using
GENSTAT.

Activities 2,3 &4. Developing, validating and promoting training messages and materials on the
control of CMD in Uganda and Tanzania

Overview: These activities aimed to work with farmer groups in Tanzania and Uganda using a
participatory research approach to develop and validate various control strategies for CMD including
the use of resistant varieties and phytosanitation, and training materials to promote these control
strategies. The activities had a different emphasis in Tanzania and Uganda. In Tanzania, particularly
in Kagera Region where the project was located, the pandemic is having a devastating effect on
farmers so there was an immediate need to assist as quickly as possible. The project achieved this
particularly by being integrated within the Tanzanian Government efforts in the Lake Zone through its
base at Agricultural Research Institute (ARIT) Maruku, part of the Lake Zone Agricultural Research
and Development Institute (LZARDI) and by | inking wit
Aid (NPA) in Kagera Region. Farmer field schools are being promoted extensively both by the
national government extension service, allowing the project to build on this approach. The
devastation caused initially in Uganda by the pandemic has now largely been overcome there by the
use of CMD-resistant varieties. The knowledge base on how to control the CMD pandemic is
consequently strong but also the removal of the threat of food shortages caused by the pandemic
provide a circumstance in which farmers are beginning to re-emphasise quality characteristics
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associated with their original landraces. NAARI also has both close links to farmers and to nearby
Kampala, with its extensive communication service industry, allowing easy development of training
and promotional materials.

Activities based in Uganda

Testing the use of CMD-resistant variety mixtures to protect CMD-susceptible landraces:
Despite the vulnerability of landraces to CMD, farmers in Uganda continue to grow them, mainly
because of the excellent cooking qualities of their tuberous roots and their suitability in the local
cropping systems. The use of variety mixtures to restrict the spread of CMD to susceptible varieties
has been demonstrated in on-station experiments in Uganda (Sserubombwe et al., 2001). The
practical on-farm usage of cassava variety mixtures and CMD-resistant varieties were therefore
evaluated, exposing farmers to the benefits of using CMD-resistant varieties both as sole crops and in
mixtures to control CMD (Table 1).

Table 1: Variety mixtur es eval uated on farmersdé fields in Mukono

Treatments and component varieties”

District

Mixed cultivars plots

Single cultivar plots

Mukono

1:1 (Njule + TMS | 92/0067)

Njule

1:1 (Kabwa + TMS | 92/0067)

Kabwa

TMS | 92/0067

TME 14

TME 204

Nase 10

Apac 1:1 (Bao + TMS | 92/0067) Bao

1:1 (Awulo awulo + TMS | 92/0067) Awulo awulo

TMS | 92/0067

TME 14

TME 204

Nase 10

'CMD-resistant varieties are indicated in italics. Only TMS | 92/0067 was used in mixtures
with landraces, two in each district

The activities were conducted in Goma sub-county n Mukono district and in Loro sub-county in Apac
district. The two districts were chosen because of the importance of cassava in the areas and their
contrasting cassava cropping systems. During the first season (2003/2004), trials were planted in
Mukono and Lira Districts. However, as a result of the security situation in Lira, the trials there had to
be abandoned and re-planted later in Apac. In Mukono, cassava is commonly grown together with
other crops and different cassava varieties are often grown on the same field; in Apac the common
practice is growing a single cassava variety in large blocks as a monocrop. The team of researchers
from Namulonge had meetings with extension workers from the Departments of Agriculture of the two
districts to select farmers for each trial. Meetings were also held with officers from Mukono
Agricultural Research and Development Centre (ARDC) and Local Council (LC) leaders. The farmer
groups i dentified in each district to participate in th
Gomasub-county, Mukono district and Anyap-oonmgyiniAgaerer i Farr
district. The group in Mukono had 18 members (12 women and 6 men), while the Apac group had 30
members (11 women and 19 men). The farmers confirmed in an initial meeting that they wanted to
participate and further meetings were organised with the help of an extension officer during which the
background, objectives and procedures of the trial were explained and roles for the farmers and
researchers were agreed upon. Farmers also received group training in CMD management (see
later). Both trials involved the same four CMD-resistant varieties plus two landraces popular in the
respective districts (chosen by farmers). The CMD-resistant varieties planted in both districts were
TMS 1 92/0067, TME 14, TME 204 and Nase 10. A deliberate decision was taken to give farmers
wider exposure to improved varieties by including 2 pre-release and 1 released elite CMD-resistant
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varieties. The local varieties planted were Njule and Kabwa in Mukono, and Bao and Awulo awulo in
Apac. The researchers then chose the CMD-resistant variety TMS | 92/0067 to be used in the
mixtures in both districts based on its similarity to the selected landraces in terms of growth
characteristics and therefore likely compatibility. Five individual farmers from each group were
identified by group consensus to host the trials and each farmer was given stem cuttings to plant
eight plots comprised of 4 plots of resistant varieties, 2 plots of local varieties and 2 plots of mixtures
(2 local varieties with TMS | 92/0067). As part of the training, all stem cuttings for planting were taken
from CMD-free plants. The plot size was 9 m by 9 m (i.e. 8 x 8 array of plants) and each plot
comprised one cassava variety or a mixture of two varieties. A randomized complete block design
(RCBD) was used with each farmer as a replicate, so there were five replications per district. The
rows were separated by an inter-plot space of 2 m to permit free movement by farmers during
evaluations. The trials were managed by the farmers following their usual methods. The spatial
arrangement of plants in the mixtures plots was that of systematic mixture in which every plant of the
susceptible variety is sandwiched by plants of the resistant variety and vice versa. The combinations
of the mixtures and pure stands of varieties planted in the two districts are summarised in Table 1.

The trials were evaluated three, six and twelve months after planting (MAP) by group members and
other interested farmers, researchers and extension workers together walking from plot to plot to
permit participating farmers to compare the test entries. During the participatory evaluations before
harvest, the farmers mainly assessed the sole plots and mixtures for vegetative growth performance
and responses to CMD and whiteflies; at harvest, the evaluation included yield, taste and tuberous
root quality attributes. In addition, host farmers followed the progress of disease by taking their own
records of the presence (V) and absence (X) of CMD symptoms on individual plants, as well as noting
missing plants (-). This was done in a notebook on a tabular field plan where each plant was
represented by a box. The farmers kept the notebooks. The information obtained by farmers from
the interaction with researchers and also from their own records provided the basis to derive their
perceptions and preferences of mixtures and pure stands of landraces and CMD = resistant varieties.

Researchers also took records every two months, starting 1 MAP, of the presence or absence of
CMD symptoms on individual plants and numbers of adult cassava whiteflies. A severity scale of 1 - 5
(1 = symptomless, 5 = very severe symptoms) was used for scoring occurrence of CMD. Scores for
symptomless plants were omitted in calculating mean CMD severities.

Data were transformed to stabilise the variance of the response variables. Incidence data were
arcsine-transformed prior to analysis. Severity data and whitefly counts were square root
transformed. The means of the replicate (farmer) plots were then subjected to analysis of variance
using the Genstat computer statistical package.

Training and developing training materials: Three main activities were carried out: training of
extension workers and farmers, development and production leaflets on the spread and control of
CMD and development of a training manual on CMD for extension workers.

Training was provided to farmers in Mukono and to government extensionists in both Mukono and
Apac as part of the projectds participatory research
e To impart extension workers and farmers with skills of identifying CMD and other major
diseases and pests of cassava and with knowledge of control options
e To equip extension workers and farmers with technical knowledge and skills of improved
cassava production
The training topics/messages covered the following topics;
¢ Importance of cassava
¢ I|dentification and control of CMD, cassava bacterial blight (CBB), cassava whiteflies, cassava
green mites and cassava mealybugs
Identification of commonly grown CMD-resistant varieties
Agronomy of cassava
Rapid multiplication and stem preservation
Processing and utilisation of cassava
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Half-day training sessions used visual aids to enhance the learning process and afterwards the

participants received practical exercises on aspects such as identification of CMD, CBB and other

pests of cassava, rapid multiplication of cassava, stem storage, seedbed preparation and planting of

cassava. These were designed to provide the farmers with practical hands-on experience while

learning. In order to improve the training package, participants then evaluated the training process,

topics, content and presentation at the end of the training event. The first training event was

organised for farmers belonging to Kad¢oanyaukonoOr gani c |
district in April 2004 (see above). The training was held at a community centre within the village and

was conducted by researchers from NCP. Two extension workers from Apac district also attended the
training and were expected to transfer the knowledge
selected to participate in the project. During the training farmers articulated their experiences and

challenges in growing cassava and also in conducting the trial. The farmers also evaluated the

training event. Another training was held at Mukono Agricultural Research and Development Centre

(ARDC) in May 2004 for extension workers and researchers. All participants were from Mukono

district and comprised extension workers from the Department of Agriculture of Mukono district local

government, sub-county National Agricultural Advisory Services (NAADS) extension workers and

researchers from Mukono ARDC responsible for dissemination. It was planned that these would in

turn extend the learning by training other farmers in villages or parishes where they operate during

their routine work.

In order to promote adoption of CMD control practices, especially CMD-resistant varieties more
widely, an extension leaflet was produced for both extensionists and literate farmers. It was decided
in initial planning sessions that the leaflet should comprise three main parts: (i) description of the
CMD problem, (ii) explanation of CMD (cause and effect) and (iii) how to solving the CMD problem
and that a professional designer should be provided with the text and appropriate photographs to
develop the first draft of the leaflet. Pictures representing mild and severe manifestations of CMD,
whitefly and cutting infections, adult whiteflies and CMD-resistant varieties to illustrate the disease
were therefore provided. Researchers also collated information gathered on CMD over the years,
included information about some of the CMD-resistant varieties commonly grown in Uganda. The
leaflet was prepared in English and then translated into three other languages, namely, Swabhili (by
colleagues in Tanzania), Luganda and Luo. The English and Luganda leaflets were pre-tested with
farmers and extension workers in Mukono district, while the Luo version was pre-tested in Lira and
Apac districts. The leaflets were revised and finalized based on the suggestions and comments
during pre-testing. In the pre-testing process, the draft materials were given to the farmers and
extension workers to read. They were then given questionnaires that had provisions for comments on
points such as relevance of messages, clarity of messages, simplicity of language, length of
messages, overall layout and print style, as well as appropriateness, clarity and quality of illustrations
and pictures. They were also asked to give their views on the practical applicability of the materials
and on what type of farmer/extension worker would understand the material. Questions were also
asked to ascertain whether the materials had been understood. They were finally asked to rank the
material as bad, fair or good and make suggestions for improvement. A total of 10,000 leaflets were
printed in four languages; English (4000), Luganda (2250), Luo (2250) and Swahili (1500) (Table 2).
The leaflets will be distributed to farmers and extension workers both directly by NCP and through
channels including Departments of Agriculture at districts and partner agencies such as NGOs,
NAADS and ARDCs. Feedback about the performance of the leaflets will be obtained through the
same channels.

In view of the enormity of effort needed for nationwide training of farmers on the management of
CMD, it was also decided to produce a technical training manual for routine use by extension
workers. The researchers developed the outline of the manual to include; (i) history of CMD, (ii)
causes of CMD, (iii) common symptoms of CMD, (iv) effects of CMD, (v) epidemiology of CMD, (vi)
how to record CMD incidence, severity and whitefly numbers, (vii) how to control CMD, and (vii) an
account of the recent pandemic of CMD in the Great Lakes region. Whereas the leaflet contains
specific technical information on CMD, the manual has more detailed information and includes some
elements of experimentation and how to record CMD and whitefly numbers. The training manual has
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so far been produced only in English. It has been pre-tested as with the leaflet, with extension
workers of seven NGOs in Lira (1), Apac (1), Gulu (2), Kibale (2) and Kiboga (1) districts. The
training guide has to undergo further testing with staff of ARDCs and extension workers of districts
and NAADS. Once this is completed and corrections are made, the material will be printed and
disseminated.

Activities based in Tanzania

Logistics of all locally-based activities in Tanzania involved IITA: staff were recruited and funds paid

t hr ough | linDar &sSalaamfSormednitiatives to counteract the yield loss caused by the

CMD pandemic such as the introduction of CMD resistant cassava varieties, some training of

extensionists and a survey to track the pandemic were also done in collaboration with other projects

involving IITA (e.g., the Office of Foreign Disaster Assistance (OFDA) CMD project and the DFID-

funded Tropical Whitefly IPM project) or with the Tanzanian Ministry of Agriculture and Food Security

(MAFS) through ARDI-Maruku. Large-scale training and dissemination of CMD-resistant varieties,
particularly in southern Kagera, involved aloali vities
these circumstances, project members provided pivotal inputs to these other activities. Some of these

project activities were also done side-by-side with work on sweet potato virus disease control under

R8243. These coll aborations were often relatively 06sce
greater benefits and for more poor people though making it difficult sometimes to distinguish efforts

clearly.

Four farmer groups were initiated in Bukoba and Muleba districts, namely Abatekanasha group at

Kanazi, Neema group at Kyema, Twende na wakati group at Kyaka and Umoja group at Ngenge.

Farmers received training on CMD epidemiology and management and early evaluation of new

cassava varieties whilst the project learnt about the process and involvement of farmers in evaluation

and tested different phytosanitation practices (selection and early roguing of CMD infected plants) as

CMD management practices. Training was also undertaken on regular basis because many farmers

who were expected to evaluate and benefit from the v
management and both farmers and extensionists emphasised on their need to learn. Moreover, the

varieties available were not immune to CMD and use of even varieties with high levels of resistance

needs to be accompanied with appropriate extension messages. The farmer group facilitators

(extension staff) were therefore invited to ARI-Maruku for training on CMD and other pathological

problems in cassava aspects on agronomy, breeding and the farmer field school (FFS) approach.

The farmersd training curr i c usitetonthedarrser gloaps byitheped and pr
facilitators.

fal)

Trials implemented with all four farmer groups included a variety trial involving evaluation of 10 CMD-
resistant varieties: MM 96/4684, MM 96/4446, MM 96/5725, MM 96/3075B, MM 96/4619, MM
96/8233, MM 96/8450, MM 96/5373, TMS 4(2)1425 and |1 91/00063, and two moderately CMD-
resistant varieties: Msitu Zanzibar and Lwabakanga. Trials involved a single replicate at each site,
each plot comprising 36 plants planted 1m apart. It was not practical to replicate trials because plots
of cassava are necessarily large, land is scarce and main aims of the trials were to act as focal points
for training discussions and as demonstrations: the varieties had already been shown on-station to be
high-yielding and CMD-resistant. Phytosanitation experiments located alongside the variety screening
trials also included cvs Msitu Zanzibar and Lwabakanga. Farmers at each site also chose a local
preferred variety for which at least some CMD-free planting material was available. The chosen local
varieties were Rushula at Kyaka, Bukarasa at Kyema, Konyu at Kanazi and Kaitampunu nyeupe at
Ngenge. Each plot under the variety trial contained one variety and had 36 plants while the plot under
phytosanitation. Plots in the phytosanitation trial comprised 100 plants and, for each variety there
were two plots, one rogued one month after planting and another not rogued. For both the variety and
the phytosanitation trials, planting material was chosen from apparently CMD-free parent plants. Data
on sprouting and the number of plants sprouting with CMD were collected one month after planting.
Further data collection were collected at 3,6,9 and 12 months after planting (MAP). Farmers in each
group met twice a month for additional training and to discuss any new findings.
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At harvest, farmers were the principal evaluators of the performance of varieties and the effectiveness
of the different phytosanitation practices tested, using separate men and women groups to examine
any gender-based differences in preferences.

During the first season, it was learnt that all the varieties grown in the phytosanitation trials (Msitu
Zanzibar, Rushula, Konyu, Bukarasa and Kaitampunu nyeupe (Sengerema)) succumbed to CMD yet
the resistant varieties tested in the variety evaluation trial remained largely CMD-free. In the second
growing season, the farmer group members decided to replant these more promising cassava
varieties on a larger scale as a re-evaluation cum multiplication stage using the same approach and
collective management by the group. Ten groups at Kyaka and Ngenge decided to embark on mass
multiplication.
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Outputs

Output 1. Current yield losses due to B. tabaci assessed, B. tabaci-resistant
cassava genotypes identified and resistance described, including effect of
CMD.

Further details are available in the following internal reports:
— J.Legg. Activity 1.1. Assessment of yield losses attributable to Bemisia tabaci direct damage
— C. Omongo. Host plant resistance to cassava whitefly, Bemisia tabaci, in Uganda

Output 1.1. Assessment of yield losses attributable to B. tabaci direct damage. Comparison of
the abundance of B. tabaci adults between the treated (Fig. 2) and untreated (Fig. 1) plots revealed
populations in the treated plots were generally about one hundredth of those in the untreated plots,
demonstrating the efficacy of the insecticides and requiring the two sets of results to be drawn with
different scales. The low abundances recorded in the protected plots were nevertheless comparable
to populations recorded inunprotect ed pl ot s of the | ocal variety o6Baobd
epidemic period in 1992-3 (fig. 2). It is remarkable that in order to hold B. tabaci populations at a level
equivalent to the pre-epidemic levels, a dual pesticide regime needs to be imposed comprising two
applications per season of imidacloprid in addition to weekly sprays with cypermethrin. Considering
the whitefly unprotected plots alone (Fig. 1), populations during both trials were extremely high, with
the peak mean value for all varieties being over 200 in the first trial and almost 800 in the second.
Highest records obtained for individual plants were 1,274 at 20 WAP in 2002-3 and 4,339 at 10 WAP
in 2003-4. In comparison with other similar datasets, these values are well above all other reported
population measures for B. tabaci on cassava in Africa, but are comparable with populations that can
be attained by other whitefly species, notably Aleurotrachelus socialis, that are physical pests of
cassava in Latin America. Although the main purpose of the trials was not to compare varietal
susceptibility to whiteflies, it is noteworthy that populations were least on Njule in both years.

Table 2. Mean abundance of B. tabaci adults per top five leaves in whitefly protected (treated) and
unprotected (untreated) plots for eight cassava varieties

Whitefly abundance
Variety 2002-3 2003-4
Treated | Untreated | Treated | Untreated

Nase 10 0.55 48.5 1.37 139.0
0057 0.74 48.0 1.15 126.0
Nase 12 1.01 65.2 1.10 116.4
Ebwanateraka 0.69 42.6 1.40 90.5
Njule 0.48 24.1 0.82 73.2
Nase 4 0.57 57.2 1.40 116.6
0067 0.47 38.8 1.15 102.0
Nase 3 0.56 455 0.97 82.5
Mean 0.63 46.2 1.17 105.8

CMD incidence differed both between varieties (P <0.001) and between treatments (P <0.001) in both
years (Table 3). In unprotected plots, the two local varieties, Ebwanateraka and Njule, as anticipated,
showed disease at an early stage, all plants becoming infected in 2003-4 and >90% infected in 2003-
4. Although four of the six CMD-resistant varieties had varying degrees of infection in both trials,
Nase 10 and Nase 12 remained CMD-free throughout. Nase 12 is claimed to be immune or near
immune. Despite CMD being so prevalent in the two local CMD-susceptible varieties when grown
unprotected by insecticides, CMD was much rarer in protected subplots of both of these varieties and
of the partially-resistant improved varieties (Nase 3 and 0067). It was surprising that controlling
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Figure 1. Mean abundance of adult B. tabaci per top five leaves in untreated plots of eight cassava
varieties at Namulonge, Uganda, 2002-3 and 2003-4
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Figure 2. Mean abundance of adult B. tabaci per top five leaves in plots treated (for whitefly control)
of eight cassava varieties at Namulonge, Uganda, 2002-3 and 2003-4, compared with untreated plots
of cv. Bao in 1992-93 whiteflies was as effective as it was in reducing CMD incidence, not least since
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protected plots were only separated from unprotected plots by a rather porous sorghum barrier. Sooty
mould was present only on plants in unprotected plots (Table 4). The least damaged varieties overall
were Ebwanateraka, Njule and 0057. The three worst-affected varieties, Nase 3, Nase 4 and Nase
12, were all CMD-resistant varieties recently promoted through programmes targeting the
management of the CMD pandemic.

Table 3. Final incidence of CMD (%) in whitefly protected (treated) and unprotected (untreated) plots
for eight cassava varieties

CMD incidence (%)
Variety 2002-3 2003-4
Treated | Untreated | Treated | Untreated

Nase 10 0 0 0 0
0057 17.3 60.0 6.1 79.2
Nase 12 0 0 0 0
Ebwanateraka 43.3 98.9 45.3 100
Njule 18.4 94.6 32.0 100
Nase 4 6.9 16.6 0 13.2
0067 3.3 5.2 6.1 34.1
Nase 3 24.9 61.3 9.5 72
Mean 14.3 42.1 12.4 49.8

Table 4. Sooty mould damage (1-5 scale) in whitefly protected (treated) and unprotected (untreated)
plots for eight cassava varieties

Sooty mould damage
Variety 2002-3 2003-4
Treated | Untreated | Treated | Untreated

Nase 10 1.0 2.98 1.0 3.15
0057 1.0 3.03 1.0 2.0
Nase 12 1.0 3.65 1.0 3.95
Ebwanateraka 1.0 3.03 1.0 2.33
Njule 1.0 2.65 1.0 2.58
Nase 4 1.0 3.10 1.0 3.68
0067 1.0 2.90 1.0 3.73
Nase 3 1.0 3.15 1.0 3.63
Mean 1.0 3.06 1.0 3.13

Table 5. Whitefly feeding damage (1-5 scale) in whitefly protected (treated) and unprotected
(untreated) plots for eight cassava varieties, Namulonge, Uganda

Whitefly feeding damage
Variety 2002-3 2003-4
Treated | Untreated | Treated | Untreated

Nase 10 1.0 3.05 1.0 2.50
0057 1.0 1.8 1.0 1.35
Nase 12 1.0 2.33 1.0 2.15
Ebwanateraka 1.0 1.9 1.0 1.60
Njule 1.0 2.68 1.0 1.88
Nase 4 1.03 3.03 1.0 2.40
0067 1.0 2.18 1.0 1.58
Nase 3 1.0 3.13 1.0 2.0
Mean 1.0 2.51 1.0 1.93
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Whitefly feeding damage, observed as a chlorotic mottling on upper leaves, was also restricted to the
unprotected plots (Table 5). Most severely affected varieties included Nase 3, Nase 4 and Nase 10,
whilst the most lightly damaged included Ebwanateraka and 0057.

Yields for each of the varieties in the treated plots were similar but there were significant differences
in yields of varieties in untreated plots and between treatments for both the 2002-3 and 2003-4
seasons (P < 0.001; P = 0.019) (Table 6). Differences in varietal yields amongst untreated plots
ranged from the equivalent of the treated plot (Nase 10 in 2002-3) to approximately 10% of that of the
treated plot (Ebwanateraka in 2003-4). Local CMD-susceptible varieties, when protected, gave yields
as great as or greater than those given by the CMD-resistant varieties. In unprotected subplots, yields
of the local varieties were less than that of any of the improved varieties, presumably due to the
combined effects of severe CMD and whitefly damage. Yield losses, calculated from the comparison
of yield data obtained from the protected and unprotected plots, ranged from nothing (Nase 10 in
2002-3) to >90% (Ebwanateraka in 2003-4). Although for many of the varieties, losses were likely to
be a result of the combined effects of CMD and whiteflies, no CMD was recorded in either Nase 10 or
Nase 12. Data for these varieties, therefore, describe the losses attributable to whiteflies alone. The
yield losses of more than 44% in both seasons in the CMD near-immune Nase 12 provide compelling
evidence of the impact that whiteflies can have on cassava.

Table 6. Tuberous root yield (kg per plant) in whitefly protected (treated) and unprotected (untreated)
plots for eight cassava varieties

Tuberous root yield (kg/plant)
Variety 2002-3 2003-4
Treated | Untreated Loss (%) | Treated | Untreated Loss (%)
Nase 10 5.43 5.45 0 4.80 3.50 27
0057 3.69 3.62 2 4.07 2.24 45
Nase 12 5.33 2.95 45 4.89 2.72 45
Ebwanateraka 3.10 1.44 54 5.20 0.46 91
Njule 4.49 2.43 46 4.43 1.73 61
Nase 4 5.41 3.71 32 5.64 2.81 50
0067 5.72 4.92 14 5.18 3.49 33
Nase 3 5.16 2.44 53 4.75 2.78 42
Mean 4.79 3.37 30 4.87 2.46 49

Outputs 1.17 1.5. Assessment of whitefly resistance in the field and in screenhouse tests. In
both the advanced yield trial (AYT) and the uniform yield trial (UYT), populations of adult and nymphal
B. tabaci varied significantly on different genotypes. In AYT, populations were smaller on genotypes
Nase 12-161(1), Nase 12-161(8), Nase 12-161(6) and Nase 10 (Table 7). Mean adult and nymph
numbers on 87-TME 14(10) (35.7 £ 4.4; 121.6 £5.7) were about twice those on Nase 12-161(6)

(14.6 £2.8; 61.0 £ 12.0). Nase 12 is considered very susceptible to B. tabaci so it is interesting that
some of its siblings apparently are somewhat resistant. Although requiring further evaluation, this
does indicate that whitefly resistance may be introgressed into a CMD-resistant line that lacks whitefly
resistance. Itis also noteworthy that Nase 12 is a premium variety with excellent tuber attributes
desired by farmers.

Inthe UYT, accessions 4271 and 0116 had fewest B. tabaci (Table 8). Indeed, mean adult and

nymph populations on 4271 (12.9 + 1.6; 143.9 * 38.5) were only a fifth those on accession 4235 (67.9

+20.7; 605.3 + 170.5). Of the 10 genotypes evaluated, 4271, 0686, 0469 and 4799 were selected by

farmers in this and other UYT trials for further testing at on-farm trial. Most of these accessions were

not especially whitefly-resistant implying that the farmers had included other attributes such as

resistance to CMD and acceptable storage root qualities in their selection of 4271 and the other

selected cultivars. None-the-less, whitefly resistance, including that of genotype 4271, will be

evaluated further in multilocational trials includincg
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Table 7. Mean numbers (+ SE) of B. tabaci adults and nymphs/top 5 leaves on CMD-resistant
cassava genotypes in an advanced yield trial at Namulonge, planted on 21 May 2003

Genotype Adults Nymphs
87-TME 14(10) 35.7+4.4 1216+ 5.7
*Nase 12 33.8+5.3 102.8 +10.2
87-TME 14(8b) 31.0+4.3 1105+ 8.5
Nase 12-87(1) 29.8+5.0 105.4 £ 16.5
87-MSK(3) 282+1.4 83.3xf 3.2
87-TME 14(6) 259+7.6 95.2+21.7
87-TME 14(12) 23.8+4.2 1355+ 145
87-MSK(8) 22.3+3.0 933+ 7.0
87-TME 14(20) 20.9+0.5 88.4£27.8
87-TME 14(1) 19.7+4.3 93.3£50.3
87-Nase 10(1) 19.3+0.2 118.3+17.2
Nase 12-161(1) 175+1.6 63.7+ 6.5
Nase 12-161(8) 175127 89.5£20.9
*Nase 10 16.6 + 4.5 79.5+£17.0
Nase 12-161(6) 146+2.8 61.0+12.0
F value: 3.1 1.0

DF: 14 14

P: 0.005 0.447

* Variety already released to farmers

Table 8. Mean numbers (+ SE) of B. tabaci adults and nymphs/5 top leaves on CMD-resistant
cassava genotypes in a uniform yield trial at Namulonge planted on 21 May 2003

Genotype Adults Nymphs
4235 67.9 +£20.7 605.3 £170.5
0102 30.6+ 6.3 319.0+ 134
0469 29.8+ 9.2 377.9 £106.6
0686 293+ 4.1 314.9+ 38.7
4799 28.6+ 1.3 276.3 + 66.6
*Nase 10 239+ 6.4 243.7 + 79.5
*Nase 12 23.6+ 3.8 1740+ 32.1
0232 234+ 5.2 179.0 + 40.3
0116 188+ 1.3 189.3+ 30.5
4271 129+ 1.6 1439+ 38.5
F value: 3.0 3.1

DF: 9 9

P: 0.02 0.01

* Variety already released to farmers

At the time when the EARRNET trials at SAARI were evaluated, the B. tabaci population was
relatively low and the highest mean numbers for adults and nymphs obtained were 4 and 22.5 per top
4 middle leaf lobes, respectively. This still allowed the genotypes to be grouped into three broad
categories (Fig. 3) allowing 116 genotypes to be eliminated as susceptible.
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Figure 3. Numbers of adult and nymphal whiteflies on EARRNET cassava clones screened for
resistance to whiteflies (B. tabaci)

Numbers of adult whiteflies had also been recorded on >200 Ugandan cassava landraces trialled at
NAARI. Results derived from four successive records are illustrated for 21 of these landraces in Fig 4.
Differential reactions of B. tabaci to the landraces were again evident: Mutesa, Nabwire 1 and
Mercury had the fewest whiteflies and Egabu, Kagits 3 and Duma 1 the most.
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Figure 4. Mean numbers of B. tabaci counted on the terminal leaflet of the top 4 leaves of cassava landraces
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Following on from this initial screening, a further evaluation of resistance of selected
landraces was made in a screenhouse (see Activities). Counts of adults revealed numbers
were greater on modern CMD-resistant cultivars (00067, Nase 3, Nase 9 & Nase 12) than on
the landraces (Table 9) with fewest adults on Njule red. Although the relative abundance of
whiteflies in this test does not exactly mirror those obtained in the field at SAARI (Fig. 4), the
landrace Duma once again was colonised by many adult B. tabaci.

Table 9. Mean number of B. tabaci adults (= SE) on the top 5 leaves of cassava cultivars
tested in the screen-house at NAARI

Cultivar Number of adults
*00067 39.2+4.4
Duma 37.4+7.2
*Nase 3 37.1+8.3
Bukalasa 8 329+3.6
*Nase 9 30.8+5.1
*Nase 12 30.3+4.8
Aladu 27.1+£9.0
Magana 25.7+6.9
Mutesa 23.3+5.0
Mercury 21.3+6.2
Egabu 21.2+64
Senyonjo 16.4£3.5
Nylon 159+28
Namayovu 145+3.0
Ebwanatereka 129+29
Njule White 12.7+29
Bao 114+2.6
Soya 11.3+£24
Njule Red 54+17
F value: 4.1
DF: 18

P: < 0.001

* CMD resistant cultivars
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The total number of B. tabaci eggs and nymphs on cassava leaves was another criterion used
to assess whitefly susceptibility. Once again, most of the CMD resistant cultivars had most
eggs and nymphs (> 900 /top 5 leaves) (Table 10) confirming their attractiveness and
indicating their particular suitability for oviposition to B. tabaci. This should make them more
prone to physical damage due to feeding by the nymphs. In contrast, the relatively low
numbers of eggs and nymphs (< 500/top 5 leaves) on Njule red, Bao, Tereka and Soya
indicated that these cultivars are less preferred for oviposition and damage on them is likely to
be less.

Table 10. Mean number of eggs and nymphs of B. tabaci (= SE) on the top five leaves of 37-
day old cassava cultivars planted in the screen-house at NAARI

Cultivar Mean eggs + nymphs
*00067 1393.8 £ 160.6
Aladu 1308.8 £ 382.8
*Nase 9 1176.0 £ 234.2
Duma 1161.6 £ 201.0
Egabu 971.0 £ 187.7
*Nase 3 912.2 £229.3
Namayovu 795.8 £341.0
Mercury 746.1 +185.3
Mutesa 632.1+ 73.3
Magana 624.6 £ 158.2
Nylon 581.0+ 994
Bukalasa 8 575.7+ 87.9
Senyonjo 563.1+ 35.0
*Nase 12 550.4+ 75.8
Njule White 535.2+110.4
Soya 457.4 + 86.6
Tereka 436.2 £ 107.2
Bao 431.4 £103.9
Njule Red 228.6 + 98.0
F value: 3.1

DF: 18

p: <0.001

* CMD resistant cultivars

Feeding by whitefly adults and nymphs induces a characteristic yellow-to-green mottled
appearance and twisting or curling, particularly on apical leaves (Plate 2). This leads to
defoliation in extreme cases. Honeydew that is frequently excreted by adults and nymphs also
allows the development of sooty moulds on the upper surfaces of lower leaves. Cassava
fields that are heavily infested usually appear unsightly with drooping leaves covered by sooty
moulds. The landraces and improved CMD resistant cultivars that had been planted in a
NAARI screenhouse in September 2004 were exposed to several generations of B. tabaci
which increased to several thousand adults/top 5 leaves and levels of physical damage due to
feeding and severity of sooty moulds on the plants were scored. All the CMD resistant
cultivars had very high damage and high sooty mould scores (Table 11) and Njule red, Njule
white and Senyonjo were among the best performing landraces (Plate 3).
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Plate 2. Young CMD resistant cassava plant with curled leaves caused by heavy feeding by

B. tabaci. On the lower leaves is black sooty mould beginning to develop.

Table 11. Mean physical damage and sooty mould scores at 83 days after planting cassava

cultivars in the screen-house at NAARI

Cultivar Mean damage score Mean sooty mould severity
(scale 1-5)/cultivar (scale 1-5)/cultivar
Duma 4.2 5.0
*00067 3.8 4.8
*Nase 3 3.9 4.7
Egabu 4.0 4.6
*Nase 12 4.2 4.6
Nylon 3.8 4.4
*Nase 9 3.5 4.4
Magana 3.8 4.3
Namayovu 3.6 4.3
Bukalasa 8 3.6 4.2
Aladu 3.4 3.9
Bao 3.0 3.9
Soya 3.3 3.8
Tereka 3.3 3.6
Mutesa 31 34
Mercury 3.3 3.3
Senyonjo 29 3.3
Njule White 2.4 3.0
Njule Red 2.1 2.6
F value: 21.4 12.9
DF: 18 18
P: < 0.001 <0.001

* CMD resistant cultivars
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Plate 3. Physical damage symptoms due to feeding by B. tabaci adults and nymphs on
landraces Aladu and Njule red planted in the screenhouse at NAARI.

Outputs 2, 3 & 4. Developing, validating and promoting training messages
and materials on the control of CMD in Uganda and Tanzania

Outputs based in Uganda

Further details of these outputs are available in the following reports:

— T. Alicai, A. Bua, J. Amenet, C.A. Omongo, A. Apok, B. Adolph, Y. Baguma, R.
Kawuki and R.W. Gibson (2005). Farmer participatory evaluation of variety mixtures for
the control of cassava mosaic disease in Mukono and Apac districts in Uganda

— T. Alicai, B. Adolph, D. Akullo, C.A. Omongo, Y. Baguma, A. Bua, R. Kawuki and
R.W. Gibson (2005). Training of extension workers and farmers and production of
training and dissemination materials on cassava mosaic disease.

Testing the use of CMD-resistant variety mixtures to protect CMD-susceptible
landraces: The trial in Mukono has been concluded and data analysed. The trial in Apac
was started one year late to replace the trial planted a year earlier in Lira abandoned because
of insecurity in the area. Consequently, only initial data for this are presented.

The pure stand of TMS | 92/0067 remained virtually free of CMD (<1% incidence) and
reached only 2% when planted with Njule. CMD incidence in the plots of the other CMD-
resistant varieties (TME 14, TME 204 and Nase 10) planted also remained at negligible
incidences. Overall, all mixtures gave reduced incidence of CMD. In Mukono, planting local
varieties mixed with the CMD-resistant variety TMS | 92/0067 significantly reduced CMD
incidence in the local varieties (P<0.001). From 3 MAP up to maturity, CMD incidences in the
landraces Njule and Kabwa planted in mixtures with TMS | 92/0067 were at least 20% less
than incidences of the same landraces planted singly (Table 12). Among the local varieties,
CMD incidence was greater in Njule compared to Kabwa in both their pure and mixed stands.
In Apac, a similar lower incidence of CMD in the local varieties when mixed with TMS 1
92/0067 is also apparent 3 MAP (Table 13). The almost total infection of landraces evident at
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both locations when planted as a monocrop reflects the vulnerability of landraces. Planting
them in mixtures with resistant varieties was beneficial since it minimises spread of CMD.
However, in terms of effective control of CMD, the CMD-resistant TMS 1 92/0067 was even
better. This is highlighted in the results already available from the Apac trials where the
incidences in landraces have already exceeded 50% (Table 13). The trials also identified that
CMD severity was slightly less for the landraces planted as mixtures than when planted as a
pure stand, perhaps because most infections were single infections of EACMV ¢ (data not
shown). There were no significant differences in whitefly numbers between landraces grown
in mixtures and grown as a single variety, suggesting that the main effect of the mixtures was
in reducing the number of viruliferous whiteflies rather than by reducing overall numbers of
whiteflies.

Table 12. Mean incidence (%) of cassava mosaic disease in pure and mixed stands of three
cassava varieties in Mukono district

Mean CMD incidence (%)

Treatment 1MAP 3 MAP 6MAP 9 MAP
Njule (sole) 0.0 50.4 84.1 95.7
Kabwa (sole) 0.0 52.1 59.5 67.9
TMS | 92/0067 (sole) 0.0 0.4 0.4 0.4
Njule in mixture 1 (Njule:TMS 1 92/0067) 0.0 21.9 48.6 73.0
TMS 1 92/0067 in mixture 1 0.0 0.5 2.3 2.3
Kabwa in mixture 2 (Kabwa:TMS | 92/0067) 0.0 29.0 38.1 44.7
TMS 1 92/0067 in mixture 2 0.0 1.3 0.4 0.4

LSD g5 Treatment: 9.7
Age of crop: 6.4
Treatment x Age: 19.3

P Treatment: <0.001
Age of crop: <0.001
Treatment x Age: <0.001

Table 13. Mean incidence (%) of cassava mosaic disease in pure and mixed stands of three
cassava varieties planted in Apac district

Mean CMD incidence (%)

Treatment 1 MAP 3 MAP
Bao (sole) 0.0 72.5
Nyaraboke (sole) 0.0 82.7
TMS | 92/0067 (sole) 0.0 0.4
Bao in mixture 1 (Bao:TMS | 92/0067) 0.0 56.8
TMS 1 92/0067 in mixture 1 0.0 7.3
Nyaraboke in mixture 2 (Nyaraboke: TMS | 92/0067) 0.0 57.8
TMS 1 92/0067 in mixture 2 0.0 2.0

LSD g5 Treatment: 10.9
Age of crop: 5.4
Treatment X Age: 15.4

P Treatment: <0.001
Age of crop: <0.001
Treatment x Age: <0.001

There was no clear effect of mixture on yield of cassava. Although the mean yield (t/ha) for
Kabwa planted in the mixture was greater than yield from the sole plot, the benefit from both
mixtures was generally not significant (Table 14). The effect of mixture was slightly negative
on the yield of Njule, but there was a positive and significant effect on the TMS | 92/0067
component of the mixture (P<0.001). This may be attributed to compensation for the yield
reduction of CMD-affected plants of Njule by the TMS | 92/0067 component that largely
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remained CMD-free. The overall lack of yield improvement in the mixtures can also be
attributed to the slow build up of disease and the generally moderate disease severities.

Table 14. Yield response of variety mixtures of two landraces and one CMD-resistant variety
with their component and other CMD-resistant varieties in pure stands planted in Mukono
district

Yield of cassava

Treatment Tubers per plant  t/ha
Njule (sole) 4.7 17.9
Kabwa (sole) 4.2 20.5
Njule in mixture 1 (Njule:TMS | 92/0067) 6.5 15.5
TMS |1 92/0067 in mixture 1 5.1 45.1
Kabwa in mixture 2 (Kabwa:TMS | 92/0067) 3.3 21.7
TMS | 92/0067 in mixture 2 4.7 30.9
TMS | 92/0067 (sole) 2.0 28.8
TME 14 (sole) 7.3 19.8
TME 204 (sole) 7.2 23.0
Nase 10 (sole) 6.6 24.8
LSD g5 11 7.8
P <0.001 <0.001

From the interaction with researchers and their own trial records, farmers learnt that that
planting landraces in mixtures with CMD-resistant varieties had advantages. In general,
farmers observed that variety mixtures resulted in low levels of CMD incidence in the
landraces relative to the means of the sole crops of landraces and infection of plants was also
delayed in mixtures, giving the likelihood of relatively higher yields of cassava. In Mukono
district where the average landholding is small (<1 ha), a key benefit of growing mixtures
recognised by farmers was suitability for farmers with small pieces of land. It permits a
diversity of varieties to be grown on the same piece of land, allowing for different preferences
and saving on labour.

Despite such advantages, farmers experienced some limitations in the use of mixtures. The
main disadvantage was the complexity of planting and harvesting. This was a big problem in
Apac where families commonly own large expanses of land and usually plant large acreages
of single varieties. Here, the farmers stated that they would prefer smaller separate blocks of
different CMD-resistant varieties rather than planting two or more varieties as a mixture in the
same field. Similarly at harvest time, the common practice in Apac is to harvest large areas of
cassava fields for bulk sale of fresh tuberous roots or for processing into sun-dried chips.
Harvesting mixtures presents such practical problems as the need for careful sorting.
However this ceases to be a problem if indiscriminate harvesting from mixtures does not
adver sel y ¢ on seguneamerdso Similarky, ifarmerg in Mukono district pointed out
that varying times taken by the component varieties to mature complicates piece-meal
harvesting which is the usual practice in the area. Other problems mentioned about mixtures
include difficulty in identifying component varieties and constraints on operations such as
weeding associated with differences in growth characteristics of the components.

Many farmers in Mukono district regarded mixtures as a good practice both as a means of
controlling CMD and increasing productivity in an intensive system. The mixture of Kabwa
and TMS | 92/0067 and the pure stand of the CMD-resistant variety TME 204 were the most
preferred. In Apac, farmers generally preferred planting varieties in pure stands, which is the
traditional way of planting cassava in northern and eastern Uganda. Bao and TME 14 planted
in pure stands were the most popular.
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Table 15. Attributes of cassava variety mixtures and pure stands identified by farmers

Attributes identified by farmers

District Mixtures % farmers Pure stands % farmers
Mukono Positive

Low CMD incidence in landraces 30.7 Resistant varieties  81.0

compared with pure stands free of CMD

Delayed infection and slow rate of 18.4 Intercropping is

infection of plants of landraces easy 19.0

An intensive system suitable for

farmers with small land holdings 14.9

Diversity of varieties grown with

different tastes 10.3

Vigorous growth of components due

to low disease levels 6.5

Generally greater yields than pure

stands 9.2

Labour-saving in terms of land area

to be prepared and weeded 4.9

High sprouting percentage of

component varieties 5.1

Negative

Piece-meal harvesting difficult due 53.6 Most plants of 76.6

to different maturity periods landraces CMD-

TMS 1 92/0067 partially affected

overshadowed the landraces 46.4 Low yields due to

CMD 23.4

Apac Positive

Low CMD incidence in landraces Extensive 82.0

compared with pure stands 40.8 harvesting is

Delayed infection and slow rate of simple compared

infection of plants of landraces 30.3 to mixtures

Vigorous growth of components due Identification of

to low disease levels 18.0 varieties is easy

High sprouting percentage of 18.0

component varieties 10.9

Negative

Planting is complex 26.5 Fields of landraces 58.8

Weeding is difficult because of can get totally

differences in growth of 25.7 infected

components Spread of CMD

Difficulty in harvesting due to among landraces

different maturity times of 23.0 is fast 41.2

component varieties

Piece-meal harvesting difficult due

to different maturity periods 12.8

Distinguishing component varieties

may be difficult 12.0
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Tablel16.Far mer s6 preferences of caeswmaya variety

District Treatments and component varieties” Number of farmers who
favoured treatment

Mukono  Mixtures

1:1 (Njule + TMS 1 92/0067) 12
1:1 (Kabwa + TMS | 92/0067) 15
Monocultures
Njule 7
Kabwa 10
TMS | 92/0067 14
TME 14 12
TME 204 15
Nase 10 9
Apac Mixtures
1:1 (Bao + TMS | 92/0067) 5
1:1 (Awulo awulo + TMS 1 92/0067) 7
Monocultures
Bao 27
Awulo awulo 23
TMS | 92/0067 12
TME 14 26
TME 204 20
Nase 10 13

'CMD-resistant varieties are indicated in italics. Only TMS | 92/0067 was used in mixtures
with landraces, two in each district

Training and developing training materials: The first training event was organised for

farmers belonging to Kal agal a Qaounty,Mukono Bigtrictme r s 6

in April 2004. The training was held at a community centre within the village and was
conducted by researchers from NCP. Two extension workers from Apac district also attended
the training and were expected to transfer
had been selected to participate in the project. A total of 18 farmers (12 women and 6 men)
were trained (Table 17). A further training event was held at Mukono Agricultural Research
and Development Centre (ARDC) in May 2004 for extension workers from the Department of
Agriculture of Mukono district local government, sub-county National Agricultural Advisory
Services (NAADS) extension workers and researchers from Mukono ARDC responsible for
dissemination. A total of 20 people were trained, 8 women and 12 men (Table 17).

Table 17. Categories and numbers of extension workers and farmers trained in Mukono
district

Type of training Categories of people trained No. of participants
Male Female
Village level training Farmers 6 12
District level training Agricultural Officer 5 2
Assistant Agricultural Officer 2 3
Assistant Agricultural Officer (NAADS) 1 1
Technicians (ARDC) 3 1
Research Officer (ARDC) 1 1
Total 12 8
OVERALL TOTAL 18 20

The leaflets were revised and finalized based on the suggestions and comments during pre-
testing. A total of 10,000 leaflets were printed in four languages; English (4000) (Fig. 5),
Luganda (2250), Luo (2250) and Swabhili (1500) (Table 18) (Fig. 6). The leaflets will be
distributed to farmers and extension workers both directly by NCP and through channels
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including Departments of Agriculture at districts and partner agencies such as NGOs, NAADS
and ARDCs. Feedback about the performance of the leaflets will be obtained through the
same channels. The training guide has not been printed because it still has to undergo
further testing with staff of ARDCs and extension workers of districts and NAADS. Once this
is completed and corrections are made, the material will be printed and disseminated.

Table 18. Summary information on dissemination materials produced

Title of material

Objective

Message

Target group

Spread and
control of
cassava mosaic
disease (CMD) i
Leaflet in English
Luganda, Luo
and Swabhili

Control of
cassava mosaic
disease i a
technical training
guide

Control of CMD

Effective
training of
farmers on
control of
cassava
mosaic disease

Use resistant and high yielding
varieties for effective control of
CMD. Other practices such as
selection of stem cuttings for
planting from CMD-free plants,
roguing and planting mixtures
of susceptible and resistant
varieties also offer some
control.

Clear information on common
symptoms of CMD, how CMD
spreads and how it can be
controlled

Farmers in all
cassava growing
areas of Uganda

Extension workers
of NGOs, NAADS,
staff at ARDCs and
district departments
of agriculture
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Figure 5. The two opposing pages of the English version of the CMD advisory brochure

Varlety CMD resistance Yield (tonnes/ha)
Nase 1 Moderate 25-35
Nase 2  Moderate 30-35 .
Nase 3  High 35-40 {
Nase4  High 35-50
Nase 10 High 3540
Nase 11 Moderate 25-35
Nase 12 Very high 35-40

Resistant vaneties are the most successful

-of controlling CMD. Resistan! varieties are nﬂ

‘easily infectad by the virus. Furthermore, the m
- plants of resistant varieties that ge! Infected are
only mildly diseased and often recover
'CMD. Cuttings taken from such plants may
‘sprout without the disease. Local cassav%
- variaties usually do not recover from CMD,

*(ll) Use of CMD-free planting material |
Because the virus is present in all dm:i
‘parts of a cassava plant (especially lo
‘variaties), stem cutting staken from such
‘plant will carry the virus. To avoid this, always

~get cuttings for pianting from healthy looldng
plants.

(i) of infected plants
Plﬂ;ls that emerge/sprout showing C
_symptoms should be removed because th
will aliow further spread of viruses, esp
In crops grown primarily for muhnphcuuon
_planting material. Roguing may only
ffective in areas with low disease spread. 1

Spread and

(iv) Variety mixtures

Recent research has shown that spread ol
CMD in local cassava varieties can be fimited
by mixing the local varieties with improved.

control of
e Al s | CasSava Mosai

planted together in the same field. The most
eflective way of mixing is systematically (see. ‘ D : SeaSe (C M D)
below):

RSRSRARSRA
SRSRSRS
RSRSRSR
SRSRSRARS
RSRSRSR

f
R~ Resistant varioly S = Susceptibia variety

(v) Reducing CMD incidence in an area
It is useful il all farmers in an area use:
CMD controlmethods. As a resull, the
amount of virus in the area willdecrease. The
amount of disease in a tield depends on thelevel
of diseasa in the nearby flelds.

NARO

NATIORMAL ARKTLI
AR R AT

- Nutural ‘ e
Hewources T
Towrloary

National Cassava Programme

(Uganda)
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Figure 5 continued
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