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Abstract: Organic agriculture in Africa has grown in the past years, to a point where it has become visible and
measurable. However, West Africa lags behind other African regions in organic agriculture. Effective
management of plant diseases is very important for profitable organic crop production. Economic losses
incurred from the devastation of cocoa by the black pod disease of cocoa from different producing regions
worldwide are quite enormous and crop losses estimated at 44% have been reported. Similarly, cassava mosaic
disease epidemics are frequent in subsistence agriculture with crop losses throughout sub-Saharan Africa
between 19 and 27 metric tonnes and an estimated economic loss of over US$1.5 billion per year. We review
available options for management of black pod disease of cocoa, on an economic security crop, and cassava
mosaic disease affecting cassava, a food security crop under organic production system. Additionally, we
further encourage organic production of cocoa and cassava in West Africa, and recommend an integrated pest
and disease management approach which will involve a systematic combination of the management methods
that are feasible for smallholder farmers to practice. Future research needs are also identified.
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I.  Introduction

Organic agriculture is a production system which avoids or largely excludes the use of synthetically
compounded fertilizers, pesticides, growth regulators, and livestock additives. To the maximum extent feasible
organic farming systems rely on crop rotations, crop residues, animal manures, legumes, green manures, off-
farm organic wastes, mechanical cultivation, mineral-bearing rocks, and aspects of biological pest control to
maintain soil productivity and tilt, to supply plant nutrients, and to control insects, weeds, and other pests [1-2].
Supporters of organic farming add a social and ethical aspect to the definition of organic agriculture, because
they see in it the human dimension, one that is respectful of the environment and in touch with the consumers.
Organic agriculture as it is practiced in modern times emerged as part of a growing critique of the negative
environmental consequences of modern farming methods [3]. The objectives of environmental, social, and
economic sustainability are the basics of organic agriculture [4].

Plant diseases are key constraints to crop production whether under organic or conventional system,
and are targets of intervention in many crop production systems in order to get maximum crop output. While
still having the fundamental goals of increased crop output and environmental sustainability at heart, there is
need to actively mange plant diseases under organic crop production systems. The benefit from organic
agriculture are numerous and some of the benefits are: contributing to food security; increasing yields over the
long term; combating desertification through improving soil fertility; preventing soil erosion and land
degradation, maintaining a healthy environment; increasing incomes with low-cost, locally available and
appropriate resources; reducing the financial risk by refraining from using expensive chemical inputs and
increasing returns to labour; improving farmers’ skills and health [5]. For a detailed review on benefits and
problems of organic agriculture see [6].

1.1 Organic agriculture in Africa

Organic agriculture in Africa has grown in the past years, to a point where it becomes visible and
measurable [7]. Farmers in Africa produce a diversity of organic crops including coffee, cocoa, tea, fruits,
medicinal and aromatic plants, olives, cotton, sesame, cereals, oils, nuts, spices and vegetables [8]. Organic
farming is significantly more developed in North, South and Eastern Africa than other regions of Africa [9]. The
countries with the largest organic agricultural land are Uganda (296, 203 hectares), Tunisia (154, 793 hectares),
Ethiopia (140’308 hectares) and Tanzania (62, 486 hectares). Most of this land is used for permanent crops [5].
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West Africa lags behind other region in organic agriculture, while the region has often been taught of
as having a potential for developing a formal certified sector, especially with regard to tropical fruit, few organic
trading links have been established. Coffee in Cameroon, palm oil and fruits in Ghana, and cotton in Mali,
Senegal and Benin, however, show mentionable certified organic sectors. At the same time, agroecological
initiatives promoting rural development and food security, and enhancing soil fertility are relatively strong in
West Africa [7].

1.2 Importance of cocoa and cassava as economic and food security crops

Cocoa (Theobroma cacao L.) is a perennial plant whose primary diversity centre lies in the Amazon
basin [10]. Cocoa is a diploid tree grown in tropical countries [11-12]. Cocoa is grown in a range of conditions
such as full sun, or more traditionally under shade. Cocoa production is of global economic importance for the
role it plays in the economy of many countries. These include provision of revenue for the government: cocoa
contributes to the aggregate export earnings of many cocoa growing countries. Similarly, cocoa also provides a
source of income for farmers who are engaged in cocoa production. Processing and marketing of cocoa also
provides employment for inhabitants of countries where cocoa is grown. Additionally, cocoa has a lot of health
benefits; it’s a concentrated food with high nutritive value. It provides carbohydrates, protein, fats and minerals.
It is used for making beverages, wine, chocolate, cream and livestock feed [13]. Demand for cocoa has
increased tremendously not only as a raw material for chocolate industry, but also for its flavour and other
properties which impact several health benefits [12].

Cassava (Manihot esculenta Crantz), is one of the most widely grown staple crops in sub-Saharan
Africa (SSA). It has become the continent’s most important food security crop, and the stability of its production
is vital to the well being of more than 500 million people in SSA [14-16]. Among the cassava-growing regions
of the world, Africa accounts for more than 50% of the global cassava production of 233.8 million metric tons
[17].

The potential of the crop is large because it offers a cheap source of food calories and the highest yield
per unit area. It also has multiple roles as famine reserve, food and cash crop, industrial raw material and
livestock feed. The importance of cassava to the livelihoods of many millions of poor people has made the
commodity a target for interventions. New Partnership for African Development has adopted the slogan of
“cassava: A powerful poverty fighter in Africa” for its Pan African Cassava Initiative [18-19].

This work aims to review available options for management of crop diseases under organic crop
production system with key emphasis on cocoa as an economic security crop and cassava as a food security
crop, in addition to encouraging organic production of cocoa and cassava in West Africa.

I1. Diseases of cocoa and cassava
Below we discuss the major diseases of cocoa and cassava with specific attention to black pod disease of cocoa
and cassava mosaic disease.

11.1.Black pod disease of cocoa

Diseases are major problem responsible for decline in cocoa production and usually causing annual
loss of 20-30 %. The major diseases of cocoa include Phytophthora pod rot popularly known as black pod
disease (Phytophthora spp.), witches broom (Crinipellis perniiciosa), frosty pod rot (Moniliophthora roreri) and
Cocoa swollen shoot disease (Cocoa swollen shoot virus) [12]. The Phytophthora pod rot popularly known as
‘black pod disease’ on cocoa remains the most important disease having debilitating effects on health of cocoa
trees and subsequently on their productive potential worldwide [20].

Phytophthora pod rot is caused by oomycetes of the genus Phytophthora. In Africa the species
Phytophthora palmivora and Phytophthora megakarya exist, with P. megakarya been the most damaging
species for the cocoa industry. Although P. megakarya only exists in Africa, the species P. palmivora and P.
capsici are responsible for the disease in South America [21]. Data of economic losses incurred from the
devastation of cocoa by the species of these pathogens from different producing regions worldwide is quite
enormous. Crop losses estimated at 44% have been reported [22].

The most striking symptom caused by Phytophthora spp. is pod rot or black pod. Pod lesions begin as
small, translucent, hard, dark spots on any part of the pod, at any stage of pod development. Symptoms normally
appear about two days after infection under conditions of high humidity. This spot soon turns to a chocolate
brown colour and then darken and expand rapidly with a slightly irregular margin so that the whole pod
becomes darkened within 14 days. This margin can advance at an average of 12 mm in 24 hours. Colonised
pods shrivel to form a mummified pod which in case of P. palmivora provides a reservoir of inoculums for at
least 3 years [11, 23]. With infections of P. megakarya a light bloom of whitish sporangia is often produced
about 10 mm behind the advancing margin of the lesion. This is observed about three days after the appearance
of an established lesion or about five days after the initial infection. P. palmivora does not usually produce this
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bloom of sporangia [11]. Pod rot due to P. megakarya are very similar but symptoms appear quicker and
sporulation is usually more abundant. P. palmivora and P. megakarya also infect bark, flower cushions and
chupons resulting in cankers [11].

11.2.Cassava mosaic disease

Viruses and their vectors are one of the greatest constraints to cassava production. Two groups of
viruses of cassava are of importance in Africa, namely: cassava brown streak viruses (CBSVs) (Potyviridae:
Ipomovirus) and the group of cassava mosaic geminiviruses (CMGs) (Geminiviridae: Begomovirus) [16].
Cassava mosaic disease (CMD) is the most limiting biotic factor to cassava production in SSA [24-25]. The
CMD pandemics in Africa have developed to become one of the most economically important crop diseases
[26]. CMD epidemics are frequent in subsistence agriculture with crop losses throughout SSA between 19 and
27 metric tonnes [16] and an estimated economic loss of over US$1.5 billion per year [24, 17]. Nine cassava
mosaic begomovirus (CMB) species have so far been reported to infect cassava worldwide [27]. In SSA alone,
seven of the cassava-infecting CMBs were reported [27, 25].

Cassava plants infected with CMGs express a range of symptoms which depend on the virus
species/strain, environmental conditions, and the sensitivity of the cassava host. The most typical symptoms
consist of a yellow or pale green chlorotic mosaic of leaves, commonly accompanied by distortion and
crumpling [16]. Plants with severe infection have chlorosis which is often associated with premature leaf
abscission, a characteristic S-shaped curvature of the petioles of the remaining leaves and an obvious decrease in
vegetative growth and tuberous yield [28].

I11. Management of plant diseases in organic agriculture system

111.1.  Management of the diseases of cocoa
I11.1.1. Resistance

Breeding for resistance and use of resistant planting materials offers the best long-term management
strategy; however, progress in incorporating durable resistance into cultivars with desirable agronomic and
quality attributes has been slow. As a genetically variable perennial tree, cocoa improvement presents
significant challenges to breeders. Additionally, most breeding programs have focused on yield and quality
under intense management regimes and correspondingly low rates of disease, thus neglecting the impact of
disease on yields under smallholder farm conditions [23]. Apart from selections in populations of Amazon
cocoa for genotypes, which show resistance to Phytophthora pod rot, similar selections in non-Amazon
accessions have been made over the years. Some of the cocoa genotypes have been selected for high yield and
black pod resistance [29]. A promising approach is to breed for disease escape, which infers that the tree
produces the bulk of its crop when climatic conditions are less favourable to the spread of the disease. Breeders
could select for short cropping cycle or for profuse flowering early or late in the season, depending on the
climate of the area in question [11].

111.1.2. Biological control.

There has been extensive research into the discovery and application of conventional inundative
biological control agents against Phytophthora diseases of cocoa. Although there are many reports of
antagonistic and mycoparasitic fungi inhibiting the growth of Phytophthora in vitro, no commercial products
have been released or widely adopted by cocoa farmers [23]. Tondje et al. [30] reported successes in the use of
Geniculosporium species in the control of P. megakarya. According to Debredt et al. [31], microbial control of
black pod disease with PR11 strain of Trichoderma asperellum was promising but not as effective as the
chemical methods under the current high disease pressure, and therefore needs to be integrated with other
control methods to establish a sustainable management system for black pod disease in Cameroon. Similarly,
Hanada et al. [32] suggested that ALF 247 strain of T. martiale could be used for control of black pod disease of
cacao, although further studies are required to render this isolate technically and economically efficient as a
biocontrol agent on agronomic scale. There is therefore need for more research that will lead to the
commercialization of these potential bicontrol agents, which can be made available to farmers after extensive
field testing.

111.1.3. Cultural control.

Management of black pod disease of cocoa in organic production systems relies greatly on the effective
and timely application of cultural practices that causes an incomplete synchronization between the virulent
pathogen, a susceptible host and a favourable environment. These management strategies have focused on
eliminating sources of primary inoculum, and in preventing the movement of inoculums from the soil to the
canopy. Optimization of shade and aeration through appropriate spacing and pruning to reduce surface wetness
is recommended. Similarly, sanitation including removal of ant tents and appropriate disposal of mummified
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pods, infected pods and pod husk can reduce disease [29]. Bushy farms tend to be more humid and thus favour
easy germination of spores, which may cause new infections. Regular weeding and general maintenance is,
therefore, essential for reducing black pod disease as it favours quicker drying of the surfaces of the pods [33].

111.1.4. Plant extracts

A number of researchers reported successes with the use of plant extracts for the control of black pod
disease of cocoa. Suprata et al.[34] reported that a formulation (F7) containing flower extract of Eugenia
aromatica and leaf extract of Piper betle in the final concentration of 0.5% (w/v) significantly suppressed black
pod disease of cocoa, and that percentage of infected pods with F7 treatment did not significantly differ from
treatment with synthetic fungicide (Dithane M-45), suggesting that the use of the formulation was comparable to
Dithane M-45 and can be considered as one of the alternative control for cocoa black pod disease under field
conditions. Efficacy of crude extract cocoa infected pods was demonstrated by Fagbohun and Lawal [35], in
their study, crude extract from infected cocoa pods compared favourably with conventional fungicides in
prevention of black pod disease of cocoa in the field. Awuah [36] also reported the in vitro efficacy of crude
extracts of Ocimum gratissimun for the inhibition of Phytophthora palmivora on cocoa pods.

111.1.5. Integrated pest and disease management

An Integrated pest and disease management (IPDM) program for the control of cocoa diseases must
emphasise the integration of all available control methods into a single program. Control measures should
include biological control microorganisms, genetic and induced resistance, cultural practices, natural products,
and use of chemicals approved for organic cocoa production [37]. The application of IPDM to the cocoa crop
enables farmers to choose management strategies suited to their situations and needs. The use of an integrated
management system reduces the levels of pests and diseases in the cocoa crop, reduces the inappropriate use of
chemicals, provides alternatives for pest and disease management and improves the yield and quality of the
cocoa, thereby increasing farmer income [38].

Shade and canopy management practices that increase light and airflow within the canopy, such as
appropriate spacing, pruning, and weed control, are also likely to increase flowering and pod development.
Frequent and complete harvesting, sanitation, and appropriate disposal of pod mummies, infected pods, and pod
husks will reduce the levels of inoculum and flying beetle vectors [39, 23]. Other phytosanitary measures
including leaving leaf litter on the farm, removal of ant tents, application of manure to improve plant nutrition
will provide further promote the efficacy of the applied control measures. The use of resistant planting materials
and natural product biopesticides can also be added to the IPDM programme. Attention has been drawn to
biological control using various microorganisms, this is highly promising and amenable to plant disease
management under organic production conditions.

I11.2.  Management of cassava mosaic disease

There have been a number of approaches suggested for the management of cassava mosaic disease.
These approaches centers mainly on phytosanitation and the use of resistant planting materials. Significant
eff ort, however, have been made to supplement these two basic approaches with alternatives, including: vector
management, cross-protection and cultural practices [40]. As for other plant virus diseases, the strategy for
management of CMD focuses on preventing infection, delaying the time of infection, minimizing the effects of
the infection once it has occurred, or a combination of the three [26]. There are a growing number of scientific
literatures on the control of CMD with each pointing out the limitations in the approaches suggested.

111.2.1. Resistance

Use of resistant cassava varieties is one of the major approaches that lend itself to the control of
cassava virus diseases particularly in the light of the inefficacy and limited feasibility of chemical control
approaches. The use of resistant varieties has remained the most economical and ecologically sustainable control
measure [41]. During earlier work on breeding for CMD resistance, local and introduced varieties of cassava
(M. esculenta) and the progeny of intraspecific crosses between cassava varieties were found to be insufficiently
resistant to CMD. Attention then turned to hybrids between cassava and other species, including M. melanobasis
and Ceara rubber (M. glaziovii), which were shown to be the most suitable parents [42, 28].

Successes were recorded with efforts at breeding for CMD-resistance which began in the 1930’s in
Tanzania [42] and Madagascar [43] and seeds of the most resistant lines served as the basis for breeding for
CMD-resistance at the International Institute of Tropical Agriculture, Ibadan, Nigeria. Great successes were also
recorded in Nigeria through breeding programs at IITA- Nigeria where Nigerian landraces in crosses either
directly with 58308 originating from East Africa, or with resistant progenies derived from this clone led to the
development of near immune clones in the 1990s [24]. Some of the most important clones from the Tropical
Manihot Species series that resulted from this work included: TMS4(2)1425, TMS30337, TMS91934,
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TMS30001, TMS60142 and TMS30572, all of which have been widely distributed across the continent and are
now grown by producers in many of Africa’s main cassava-producing countries [40].

Ariyo et al. [44] reported that field trials of locally available plants of cassava genotypes Tropical
Manihot Esculentum (TME) 4, TME 3, 96/1089A and 96/0160 proved highly resistant to a wide range of
cassava mosaic begomoviruses. Similarly, Ogbe et al. [45] reported that two genotypes TME1 and TME 8 were
to resistant to CMD under Nigerian conditions. TME 4 is a local land race, with identified dominant ‘R’genes
(CMD-2) and has been used as parent in marker assisted selection [46, 41]. The identification of four additional
sources of resistance to CMD by the IITA breeding team opened up possibilities for pyramiding these genes
thereby assuring durability [40].

With the identification of CMD2 gene that confers resistance to CMD in the 1990s, breeding programs
in IITA-Uganda has further advanced lines derived from crosses of cassava carrying the original multigenic
resistance with the CMD2 gene. This led to significant success in identification, deployment, and multiplication
of farmer-acceptable CMD-resistant varieties in Burundi, Kenya, Rwanda, and Tanzania. These materials are
having a significant impact on CMD management in areas affected by the pandemic, but also offer great
potential for more general dissemination across SSA as an effective CMD control measure since they combine
high levels of resistance to CMD, cassava mealy bug, and cassava green mite, together with many of the farmer-
preferred qualities of local landraces [26].

111.2.2. Virus-free planting material

For many vegetatively propagated plants like cassava, the main source of virus is chronic infection in
the plant itself. One of the most successful forms of control has involved the development of virus-free clones—
that is, clones free of the particular virus under consideration [47]. Recent development has made it possible to
rapidly produce tens of thousands of virus-free planting materials within a relatively short period of time
through the application of the apical meristem and tip culture technology. There is a constant application of this
technology at the tissue culture laboratory of the Genetic Resources Centre of the International Institute of
Tropical Agriculture, Ibadan, Nigeria. Providing virus-free cassava plantlets for international germplasm
exchanges, particularly with respect to importation of newly developed CMD-resistant clones. This has
facilitated introduction of CMD-resistant cassava planting materials to tackle the ravaging CMD pandemic in
east Africa where the disease is causing serious losses to farmers.

The limitation of this approach to management of CMD has been presented by leading authors on
CMD research [16, 40, 28]. The argument been that, material considered virus-free over a period of use could be
infected, creating a need purchase new virus-free planting materials by farmers, at a frequency that may be
prohibitively high. Nevertheless, the benefits from the use of virus-free cassava in preventing infection of the
plant at an earlier stage where infection could cause more devastating economic losses; and also reducing the
availability of inoculum for a polycylic spread of the disease through its whitefly vector are benefits a farmer
should consider more important than the cost of a more frequent purchase. Additionally, support from
government in form of legislation and providing virus-free and / CMD-resistant planting materials to farmers
could motivate the farmers and will also help curb the pandemics. This can be made possible by large scale
multiplication of material produced from quarantine facilities at regional agricultural research centers within the
country.

111.2.3. Phytosanitation

The use adoption of crop hygiene involving removal of all diseased cassava or other host plants from
within and immediately around sites to be used for new plantings has been proposed for the control of CMD
[28]. The benefit of this technique is based on reducing or probably eliminating foci of infection on the field.
Since farmers in most cases harvest piece meal, sometimes leaving older infected plant to grow with new ones,
thus creating conditions that favour the survival and availability of inoculums to initiate new disease cycles. For
this approach to be effective, farmers within a farming community need to cooperate to remove CMD infected
plants and alternate hosts that could serve foci of infection.

The use of rouging and selection of CMD-free planting materials though known to be useful in small
scale research facility concerned with breeding and multiplying cassava for onward distribution to farmer, it is
not a common practice among farmer. Farmers are generally reluctant to practice rouging because of perceived
reduction in yield due to extra loss that would be incurred as a result of the rouging. In case of a severe outbreak
of CMD, all plants on the field may go for it, leaving the farmer with little or nothing to harvest. The limitation
to the use of rouging has also been argued particularly in locations where the infections are not severe. In this
case, losses due to rouging that actually could be more than what CMD itself will cause if left uncontrolled.
Similarly, there are limitations to selection of CMD-free planting materials from relatively healthy ones in cases
of latent infection of relatively resistant materials, and also in cases of severe infection when the farmer can’t
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find any plant to select from. However, these approaches are still useful after a consideration of the prevailing
situations and also when used in combination with other CMD management methods.

111.2.4. Vector management

Otim et al. [48] suggested an urgent need to develop a balanced approach to CMD/CBSD/vector
management, which can combine the deployment of CMD/CBSD/whitefly-resistant cultivars and alternative
control methods, such as the use of B. tabaci natural enemies. Although effective sources of resistance have
been identified for non-Bemisia whitefly species in Latin America [49], preliminary results suggest that these
are less effective against African B. tabaci, and further research into alternative sources of resistance to B.
tabaci is required [50-51].

However, successes have been recorded with the identification of effective parasitoids of B. tabaci
across Africa. Reports indicate the availability of parasitoids of B. tabaci and their potentials in managing the
organism in SSA. From these reports, Encarsia spp. and Eretmocerus spp. have been widely observed [52-57].
Utilising theses species for management of B. tabaci of cassava in Africa is promising.

111.2.5. Cross-protection

The application of cross protection, which involves protecting a susceptible plant from infection by a
more virulent one, has been used with great successes in the management of Citrus tristeza virus. It is worthy of
note to say there are a number of reports suggesting the successes in protection of cassava plant from a more
virulent strain through previous infection by a mild strain [58, 40, 28]. To determine if indeed mild strains of
East African cassava mosaic virus (EACMV-UG) were providing a form cross protection, Owor et al. [59],
carried out an experiment in Central Uganda. Plant grown from initially CMD-free parent and initially infected
with mild strain of EACMV-UG were grown and subsequent pattern of infection, symptoms expression and
tuberous root production were assessed. Plants grown from initially CMD-free parent developed more severe
disease and yielded less than plants derived from mildly diseased parent [24]. An important consideration in the
implementation of such an approach will be to determine where mild strain protection works and where it does
not work, in view of the diversity of virus occurrence [26]. Additionally, one will also need to consider the
willingness of the farmers to adopt such method. There is also the risk of the viruses synergising to produce a
more severe disease. All this makes this approach still theoretical at the moment as it has not been used on a
large scale anywhere to mange CMD.

111.2.6. Crop spacing

The benefits of close spacing in decreasing the proportion of infected plants within a stand has be
demonstrated in experiments on cassava [60, 61, 28]. The effect of plant density in the management of CMD
can be observed in [62], when used in combination with other control measures, planting cassava at a higher
density can help reduce the progress of CMD. It is however necessary to point out that planting cassava at high
density favours the spread of cassava bacterial blight (CBB). The application of this method may be limited to
locations where CBB is not a major challenge.

111.2.7. Planting date

Even if an area-wide crop-free period is not adopted, some amount of vector and virus inoculum can
often be avoided by planting early or late [63]. This can be attained by adopting planting date that avoid
exposing young vulnerable plants to infection at times when there are likely going to be the highest population
of viruliferous whiteflies [64-65].

In coastal districts of Kenya, the main spread of CMD by vectors occurs during the early rains from
mid-May to mid-July and there are likely to be advantages in planting later in the year provided conditions are
not so dry that crop establishment and subsequent growth are impaired [66, 28]. There is a somewhat similar
situation in the forest areas of Ivory Coast, where virus spread occurs throughout the year, but is most rapid
from March to July and least rapid from August to November during the latter part of the rainy season [67, 28].
Hiljea et al., [63] presented a number of success stories with this approach on other crop pathosystem: okra in
Mexico [68], tomato in Egypt [69], cotton in northern Mexico [70-71], bean in Egypt [72] and tobacco in India
[73].

111.2.8. Varietal mixtures

Orisu et al. [74] demonstrated that varietal mixture has the capacity to reduce the progress of CMD. In
their experiment, it was observed that consistently low incidence and lower populations of adult whiteflies were
recorded in Ebwanatereka (a CMD susceptible variety) grown in mixtures with resistant varieties than when it
was gown alone. The effect was attributed to differences in the food resource concentration, improved efficacy
of natural enemies and moderated micro-climatic conditions associated with varietal mixtures. The results
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suggested that resistant varieties provide protection to susceptible varieties through a reduction of intra-plot
spread.

The experiences from farmers’ field on the effect of varietal mixtures in reducing the progress of CMD
was observed during the 1990s epidemic of CMD in Uganda, where losses were much less in districts where
many varieties were being grown than where there was almost complete reliance on the susceptible variety
Ebwanateraka [75, 28]. One of the implications of these is that since in most cases farmers and farming
communities grow a mixture of variety, having resistant varieties as part of their planting materials will help
reduced the effect of CMD with no extra effort. However, there are high probabilities that the resistant variety
may lose its ability to protect the susceptible variety after a long period of cultivation, higher inoculum pressure
and increased whitefly abundance.

111.2.9. Intercropping and strip cropping

Intercropping refers to spatial arrays of crops including two or more plant species in close proximity to
each, within a given plot [63]. Results from the preliminary studies by Fargette and Fauquet [76] suggested that
the density rather than the height of the maize barrier used as the intercrop affected the distribution and
incidence of the disease and indicating that the differences of disease incidence was mainly due to changes in
the sizes of whitefly populations. In subsequent studies better results were obtained. Ahohuendo and Sarkar,
[77] reported a partial control of CMD in Benin by intercropping cassava with maize, cowpea and groundnut.
Similar results were obtained in Cameroon where Fondong et al. [78] and Fondong et al. [79] intercropped
cassava with cowpea and maize. Additionally, control of CMD through the management of its whitefly vector
can also be achieved through a similarly cropping system like strip cropping. Ewusie et al. [80] reported that a
significantly lower numbers of immature (egg and nymph) and adult B. tabaci were found in cassava plots
surrounded on all sides by five rows of both cotton and Jatropha curcas, clearly demonstrating the potential of
strip cropping as a management option for the suppression of B. tabaci populations.

111.2.10. Training and extension education

In SSA where many farmers are illiterate, and having smallholder farms, educating them on the basics
of the epidemiology and control of CMD will help to large extent in the management of the disease. Increasing
the knowledge of all stakeholders affected by the CMD pandemic has been an important component of CMD
management programme [26]. Researchers are constantly receiving further information and training through
their participation in workshops and other scientific activities, similarly, farmers who feel the immediate effect
of CMD should be trained and orientated, on the epidemiology and control of CMD as this awareness and
orientation will promote the adoption of recommended CMD management practices. The farmer needs to
understand why the recommended control measures are better than the ones he is used to for him to make a
decision to adopt them. Legg et al. [26] reported progress with regards to farmers and researchers from East and
Central Africa where the print media, radio and farmers field schools are used to disseminate the right
management practices to farmers. More coordinated training programmes should also be organised for
agricultural extension agents in order to make the training of the farmers more effective.

111.2.11. Integrated pest and disease management

The challenge of developing a comprehensive integrated pest and disease management (IPDM)
approach for CMD remains unmet, since host plant resistance has been so successful, particularly in the
management of the CMD pandemic in East Africa [15]. However, adding the vector roles of B. tabaci to the
spread of CMD, to its effects as pest causing serious damage and limiting production of cassava, it becomes
necessary to combine a number of management strategies in a systematic and coordinated integrated pest and
disease management plan. A number of possible control measures previously described can be combined. Good
agronomic practices, use of CMD/B. tabaci resistant cassava planting materials, biological control if well
combined will offer a more comprehensive pest and disease management approach. With extension education
and training farmers can be introduced to these integrated approach of managing the CMD pandemics and the
pest/vector problem posed by B. tabaci

IV. Conclusion

The merits of organic agriculture far outweigh its constraints, some of the merits have been previously
stated in this paper, others are its contribution to sustainable agriculture and sustainable development through
the ecosystem and consumer friendly approaches of production. Effective plant pest and disease management is
paramount for profitability of organic production. Several ecosystem and consumer friendly approaches
including the use of resistant planting materials, biological control and cultural control have been suggested. To
further improve the efficacy of disease and pest management, a systematic combination of management
approaches in to an integrated pest and disease management program for cocoa and cassava must be
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emphasised. Since this give farmers the opportunity to choose methods that are feasible and practicable by them.
More research attention has to be given to the commercialisation of identified biological control agents that
could used for disease and pest management in both the cassava and cocoa pest-pathosystems. There is need for
more research on combining disease resistance with vector resistance. Furthermore the merits of some of the
approaches that still appear unacceptable to farmers, for instance cross-protection i.e. the use of mild strain of a
virus to protect the crop against a more virulent strain need further research before recommending such
approach to farmers. Similarly, the efficacy of some other cultural methods viz-a-viz- the effects of their use on
other plant diseases affecting the crop needs more research attention. For instance, close spacing in cassava
helps manage CMD while it is more likely to promote an outbreak of cassava bacterial blight on CBB
susceptible varieties. Attention should also be given to extension education/ training of farmers.
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