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Cassava is an important food security crop in Western and Coastal counties of Kenya. As a food
security crop, it is continuously cultivated with minimal inputs. Its production is constrained by factors
like declining soil fertility, poor agronomic practices, pests and diseases. Cassava brown streak
disease (CBSD) is a viral infection attacking the cassava crop causing yield losses of up to 100%. The
current study was intended to determine the effect of planting technologies on the prevalence of CBSD
in two agro-ecological zones of Western Kenya: lower midland (LM1) and upper midland (UM1). Various
spacing arrangements, four fertilizer regimes, legume intercrop and improved cassava cultivars were
tested in a randomised complete block design (RCBD) with each site as a replicate. Data was collected
on pathogen population and disease incidences and severity, and cassava and legumes yields. Results
showed no effect of modified spacing and legume intercrop on CBSD incidence. However, incidences
varied by cassava cultivar (9 to 59%) and fertilizer application (3 to 41%). Low CBSD incidences (3 to
16%) were observed over time in management strategies involving fertilizer NPK 17:17:17 suggesting
that vigour enhancement may have contributed to low CBSD incidences. Low incidence of CBSD on
improved cultivars indicates that CBSD can be mitigated through crop improvement technologies such
as breeding for resistance to diseases. Intercropping cassava with beans and modification of spacing
did not demonstrate an effect on CBSD incidence. However, 2 mx 0.5 m spacing arrangement can
compensate for rising land pressure in Western Kenya and areas facing similar problem.

Key words: Cassava, cropping arrangements, intercrop, yields, cassava brown streak disease (CBSD),
Western Kenya.

INTRODUCTION

Cassava (Manihot esculenta Crantz) is widely cultivated
in Asia, Africa and Southern and Central America. Sub
Saharan Africa (SSA) is the world’s largest cassava
producer and its production is estimated at 57% (160
million tonnes) of total cassava produced worldwide.
Major cassava producers in Africa include Nigeria,

Democratic Republic of Congo, Ghana, Angola and
Mozambique, (FAOSTAT, 2015). In East Africa,
Tanzania, Rwanda and Uganda are the major producers
of cassava. Kenya’s annual cassava production is
relatively low at 0.8 million tonnes (FAOSTAT, 2015;
MoA, 2015) and supports the livelihood of 2.5 million
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people in eastern, coastal and western regions of the
country (MoA, 2012). Low vyield in Kenya is due to
declining soil fertility (MoL, 2009; Anneke et al., 2010;
Mutoko et al., 2014), lack of high yielding cultivars
(Mwango'mbe et al., 2013), poor agronomic practices,
pests and diseases (Braima et al., 2000; Munga et al.,
2012). Cassava brown streak disease (CBSD) is an
important disease prevalent in Eastern, Central and
Southern Africa and is caused by two species of
Ipomovirus; cassava brown streak virus and Ugandan
cassava brown streak virus (Mbanzibwa et al., 2011;
Winter et al., 2010). The disease is spread by planting
infected cuttings (Storey, 1936; Mohammed et al., 2012)
and whiteflies (Bemisia tabaci) within the field (Storey,
1939). Various management strategies including
evaluation of germplasm in different agro-ecological
zones and breeding for resistance have been attempted
with limited success. Since CBSD was first reported in
Northern Tanzania (Storey, 1936), the disease has been
endemic to the East African coast (Storey, 1936; Hillocks
et al., 2001). However, with less restrictive quarantine
measures (FAO, 2013), the disease has now spread to
other East African countries (Legg and Boumeester,
2010) including Uganda, Kenya and Burundi and even in
areas beyond the coastal strip where the disease is
endemic (Alicai et al., 2007). In Western Kenya, Mware et
al. (2009) reported disease incidences of between 64 and
100% with a severity score of 2 to 3 on a scale of 1 to 5
in Bondo and Teso areas of Siaya and Busia Counties,
respectively. Osogo et al. (2014) reported disease
incidences of 30% in Busia County with severity score of
2 to 4.

An effective method of controlling diseases in cassava
plants is the use of resistant cultivars. Improved Cassava
Mosaic Disease (CMD) resistant cultivars are available
and widely cultivated in Western Kenya. Unfortunately,
the CMD resistant cultivars have not been consistent in
their tolerance to CBSD (Obiero et al., 2010). Efforts to
mitigate CBSD by developing tolerant cultivars are
ongoing (Ogwok et al., 2012; Vanderschuren et al., 2012;
Rwegasira and Chrissie, 2012; Abaca et al.,, 2013;
Woyengo et al.,, 2013), meanwhile farmers continue to
plant susceptible cultivars.

In Western Kenya cassava is grown during the first two
months after the onset of the long rain (March to June)
and short rain seasons (August to November). The crop
is usually propagated by stem cuttings and stays in the
field for one year hence receiving two peak periods of
rain during its growth cycle. Propagation by stem cuttings
enhances disease build up in the subsequent cropping
cycle (Yadav et al., 2011). Crop protection practices such

as intercropping (Boudreau, 2013), efficient use of
nutrients, and planting disease-resistant cultivars
(Anneke, 2010; Fairhurst, 2012) can contribute to disease
mitigation (Giller et al., 2011), improved crop productivity
(FAO, 2013) as well as help attain food security
(Agegnehu et al., 2008; Dietrich et al., 2012).

The main objective of this study was to determine the
effect of modified spacing arrangements, fertilizer use
and legume intercrop on prevalence of cassava brown
streak disease in Western Kenya.

MATERIALS AND METHODS
Experimental sites

This on-farm study was conducted in Busia (Mundika NOO° 06’
44.154”, E034° 27’ 16.794”), Kakamega (Elwakana N00°16’ 46.44”,
E34° 33’ 15.24”), Vihiga (Demesi N00°6’ 20.04”, E34° 44’ 24.64")
and Bungoma (Lutacho NOO° 40’ 26", E034° 48 58”) counties of
Western Kenya. Altitude ranged between 1330 and 1611 masl. The
selected sites are characterised by bi-modal rainfall distribution
which allows for crops to be grown twice a year; during the long
rains (March to June) and the short rains (August-November).

Experimental design

A randomized complete block design (RCBD) was adopted with
each site being a replicate. The gross plot size of experimental
plots was 4 m x 7 m and the net plot size was 3 m x 3 m. Plots
were separated by 1-m wide pathways for accessibility.

Experimental treatments consisted of three cultivars of cassava:
MM96/4271 (NASE 14) and Migyera (TMS 30572) which are
resistant to CMD and Merry Kaluore as a local susceptible cultivar.
Improved cultivars MM96/4271 and Migyera were intercropped with
a grain legume (bean, Phaseolus vulgaris L.) commonly grown
(cultivar KK8) in the experiment sites and three fertilizer
applications: NPK 17:17:17, NPK 17:17:17+K, and NPK
17:17:17+N+K were used (Table 1).

MM96/4271 and Merry Kaluore were planted in mono crop (plots
1 and 2) using 1 m x 1 m spacing to compare the effect of using
improved (CMD resistant) and local cassava cultivar under non-
fertilized condition.

Spacing arrangement was modified to 2 m x 0.5 m where cultivar
MM96/4271 was planted without intercrop (plot 3) and with
intercrop (plots 5, 6 and 8). The most recent improved cassava
cultivar Migyera was planted in plot 7 using NPK 17:17:17+K to
compare the effect of planting improved cassava cultivar under
near optimal mineral fertilization.

One kilogram (equivalent to 200 kg/ha) of fertilizer NPK
(17:17:17) was spread evenly in three plots (5, 6, 7 and 8). Plots 6,
7 and 8 also received 1 kg each of Murate of potash (KCI). In
addition, one plot (plot 8) received 1 kg of CAN (Table 1). All the
inputs were incorporated into the soil by shallow digging with care
not to cross to neighbouring plots.

The trial was established in September, 2014 at the onset of rain
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Table 1. Treatments used in planting technologies trial.
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Management strategy

Plot number - - > -
Cultivar Spacing (m”) Fertilizer Intercrop
1 Merrykaluore 1x1 No No
2 MM96/4271 1x1 No No
3 MM96/4271 2x05 No No
4 MM96/4271 2x05 No KK8
5 MM96/4271 2x05 NPK 17:17:17 KK8
6 MM96/4271 2x05 NPK 17:17:17+K KK8
7 Migyera 2x05 NPK 17:17:17+K KK8
8 MM96/4271 2x05 NPK 17:17:17+N+K KK8
Rows of beans
Row of cassava

Figure 1. Picture showing cassava-bean intercrop arrangement.

in the short rain season. Fresh cuttings of about 20 cm were
planted by burying most of the cassava cutting at an angle. Three
rows of beans were planted in between cassava rows at spacing of
50 cm between rows x 10 cm between plants (Figure 1).

The rows of beans were reduced to two during the long rain
season (April) of 2015 and were planted 75 cm inwards from the
cassava rows to cater for the cassava canopy.

Field selection and land preparation for the on-farm trials and
maintenance of the trial were done by the farmers. Planting was
done by farmers, agriculture extension officers and researchers.

Scoring pests and diseases

Data on pests, diseases and other relevant agronomic parameters
such as emergence and plant height was collected on cassava.
Damage by important cassava pest like Cassava Green Mites
(CGM) and by diseases such as Cassava Anthracnose Disease
(CAD), Cassava Mosaic Disease (CMD), Cassava Brown Streak
Disease (CBSD) and Cassava Bacterial Blight (CBB) (IITA, 1990;
Legg et al., 2006) was calculated as a proportion:

Disease incidence = Number of infected plants / Total Number
observed x 100

Percentage of green mite infested plants was calculated as follows:

Percentage of infested plants = Number of plants with CGM
damage / Total Number observed x 100

Severity for both pests and diseases was scored on a scale of 1 to
5 where 1 represents no symptom and 5 represents severe
infection/infestation (Hahn et al., 1980; Muimba, 1982; Muyolo
1984; Legg and Bouwmeester, 2010) at 3, 6 and 9 months after
planting.

Total count of whiteflies (B. tabaci) per plot was recorded
between 0600 and 0800 h when the insects are fairly immobile
(Ariyo et al., 2005).

Yield data

At harvest, all roots in the net harvestable area were harvested and
counted. The harvested roots were sorted into two groups;
marketable roots and non-marketable roots. Marketable roots are
those roots that can be sold while non-marketable roots, cannot be
sold and include small roots, roots damaged by pests or harvesting
implements and rotten roots. Fresh weight for both marketable and
non marketable roots was recorded and used to calculate fresh
cassava yield in tons per hectare.

Yields for beans were recorded at harvest maturity but before
shattering. Seed weight was taken after seeds had been threshed,
winnowed and dried to moisture content of 14% as recommended
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Figure 2. A bar graph showing other diseases observed on cassava across sites.

by Ogutu et al. (2012).

Statistical analyses

Generalised linear models (GLM) procedure of the SAS package
version 9.1 was used to compare means by testing for effect of site,
modified spacing, fertilizer use and cultivar on CBSD prevalence,
cassava fresh yields and legume yields. Least significant difference
was used to separate significant difference at p=0.05.

RESULTS
Pests observed on planting technologies trial

Mean whitefly populations per plot for the cropping period
ranged between 1 and 14 across sites (Lutacho <
Demesi < Mundika < Elwakana) but were similar for the
three cassava cultivars and fertilizer levels. Whitefly
populations on individual plants ranged between 0 and 62
as follows: Lutacho (0-6), Mundika (0-27), Demesi (7-30),
and Elwakana (10-62).

Whiteflies are important pests since they transmit
CBSD; however CGM was also found to be prevalent at
Mundika (16.7%), Demesi (20.8%) and Elwakana
(66.6%) sites. Improved cultivars Migyera and
MM96/4271 had more CGM infested plants (45.3 and
27%, respectively) compared to the local cultivar Merry
Kaluore which had 1%. The highest number (50%) of
CGM infested plants was recorded in plots where NPK
17:17:17 + KCI + CAN fertilizers were used. The 2 m x
0.5 m cropping arrangement recorded more plants with
CGM infestation per given time of evaluation than 1 m x 1
m cropping arrangement.

Diseases observed in planting technologies trial

Disease incidence varied across sites (p<0.05%*
Mean<60%) with CMD, CBSD occurring in all sites.
Disease incidences were the highest at Elwakana site
(CBB 60%, CMD 57%, CAD 37%, CBSD 36%) followed
by Demesi (CBSD 35.1%, CBB 22.7% and CMD 10.9%).
Mundika and Lutacho sites had low (<19%) disease
incidences (Figure 2).

CBSD symptoms observed on planting technologies
trials

Foliar symptoms of CBSD were observed across sites.
Mundika and Lutacho sites had the lowest foliar
incidences of CBSD (<11%), while Demesi and Elwakana
had the highest incidences (36 to 50%). All the four sites
had CBSD severity score of 2.

The only root symptom observed on all cultivars across
sites was root necrosis. Cultivar Merry Kaluore had the
highest number (mean) of damaged roots (13) followed
by improved cultivars MM96/4271 (6) and Migyera (2).
The severity score for root necrosis for Merry Kaluore
was 3 across sites, while MM96/4271 and Migyera had
root severity score of 2. Demesi site was not evaluated
for root necrosis, because the farmer harvested early.

Effect on different planting technologies on CBSD
incidence

Although statistically, there was no significant difference
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Figure 3. CBSD incidence in relation to planting technology.

(p>0.05) in incidence of CBSD in planting technologies
involving modified spacing and legume intercrop, it varied
for planting technologies involving improved and local
cassava cultivar and also fertilizer application (Figure 3).

CBSD incidence in relation to cassava cultivar

Disease incidence varied by cultivar from 9 to 59%. At 9
months after planting (MAP), the local cultivar (Merry
Kaluore) had high incidence of CBSD (59%) while the
two improved cultivars; MM96/4271 and Migyera had low
CBSD incidences of 23 and 12%, respectively (Figure 3).
The severity score was 2.

CBSD incidence in relation to fertilizer application

Low CBSD incidences ranging between 3 and 16% were
observed over time for management strategies involving
fertilizer NPK 17:17:17. During the cropping period, the
incidence of CBSD did not vary (15 to 21%) for fertilizer
application NPK 17:17:17+ K, while for NPK 17:17:17 + N
+ K, disease incidence ranged between 20 and 41%
(Figure 3).

CBSD incidence in relation to spacing arrangement

Disease incidence did not vary by spacing. For spacing
arrangement of 1 m x 1 m, CBSD incidence ranged from

10 to 25%, while for 2 m x 0.5 m spacing arrangement it
ranged from 11 to 26% across sites (Figure 3).

CBSD incidence in relation to intercropping

Disease incidence on leaves did not vary for cassava-
bean intercrop (15 to 31%) or for cassava monocrop (11
to 30%) (Figure 3). Root symptoms of CBSD observed on
cassava planted in cassava-bean intercrop at Lutacho
and Elwakana sites had severity score of 2 and 3,
respectively.

Effect of planting technologies on cassava yields

Cassava yields for panting technolgies tested ranked in
ascending order were: Mundika (24 to 9.4
tons/ha)>Lutacho (6.1 to 16.9 tons/ha)>Elwakana (15 to
29 tons/ha). For management strategy where fertilizer
NPK 17:17:17 and KCI were used, Elwakana site had
higher (22.5 tons/ha) cassava yields than Mundika (5.3
tons/ha) and Lutacho (6.1 tons/ha) sites. Mundika had
the lowest (4.7 tons/ha) cassava yields for cassava
intercropped with beans. Cassava planted in 2 m x 0.5 m
spacing yielded higher (mean 13.2 ton/ha) than in 1 m x
1 m (mean 9.3 tons/ha) spacing. At Elwakana, planting
technology involving improved cultivar MM96/4271
planted using fertilizer NPK 17:17:17, CAN and KCI had
the highest yields of 29 tons/ha (Table 2). Grain yields for
beans intercropped with cassava cultivar Migyera were
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Table 2. CBSD incidences and yield of cassava planted using different planting technologies across sites.

Fertilizer regime Intercrop Spacing
Site NPK .
17:17:17 NPK 17:17:17 + KCI NPK 17:17:17 + CAN + KClI No intercrop Intercrop Imx1lm 20mx05m
Mundika 8.6 (10.3) 5.3 (16.6) 9.4 (26.5) 2.4 (26.4) 4.7 (26.9) 8.8 (15.6) 2.4 (15.3)
Elwakana 17.5 (16.3) 22.5(21.2) 29 (40.9) 20 (30.1) 17 (31.2) 15 (25.2) 20 (26.9)
Lutacho 10.9 (2.8) 6.1 (15.4) 11.3 (19.7) 16.9 (10.9) 15 (15.3) 11.8 (9.5) 16.9 (10.9)

Figures in brackets are CBSD incidences.

higher (1.2 t/ha) than for those intercropped with
MM96/4271 (0.8 tons /ha).

DISCUSSION

The application of chemical fertilizers has been
reported to have an effect in controlling pests and
diseases to a reasonable extent (Ezulike and
Ugwu, 2005; Amtmann et al., 2008; Satti, 2012).
Plant vigour enhancement due to fertilizer use has
been explained as the cause behind ability of
plants to withstand pests and diseases
(Neuenschwander et al., 1990; Satti, 2012). The
effect of NPK fertilizer application on pests and
disease incidences and severity in the trials varied
depending on site and cultivar. High incidence of
CGM at Demesi and Elwakana sites could be
attributed to the spread of the pest from
neighbouring cassava field (Yaninek, 1989) since
green mites are specific to Manihot species
(Kogan et al., 1999). Improved cassava cultivars
had higher percentage of CGM infested plants
than local cultivar Merry Kaluore suggesting that
the mites have preferences for some cultivars.

Use of NPK 17:17:17 and NPK 17:17:17 + KCI
fertilizers resulted in decrease in incidence of
green mites. Similar findings of decrease in green

mite pressure due to NPK fertilizer application
were reported by Anneke et al. (2010).

More plants were infested with CGM in spacing
arrangement of 2 m x 0.5 mthan 1 m x 1 m
spacing. Plants in 0.5 m plant to plant space were
very closely knit to each other. This could have
contributed to ease of the movement of pests from
plant to plant.

One of the major constraints to production of
cassava, in sub-Sahara Africa is cassava brown
streak disease (Winter et al., 2010; Bigirimana et
al., 2011). The disease is transmitted by whiteflies
(B. tabaci) and use of infected cuttings. Whitefly is
the most important vector for cassava viruses and
therefore whitefly populations affect CBSD
incidence (Thresh and Otim-Nape, 1994; Maruthi
et al., 2004). Whitefly population per plant ranged
between 0 and 62 and varied by site (Lutacho <
Demesi < Mundika < Elwakana). Mundika and
Lutacho sites had low CBSD incidence (<11%).
Low incidence of CBSD could be associated with
low virus pressure because whiteflies must be
viruliferous to transmit the virus (Polston and
Capobianco, 2013). High CBSD incidences (36 to
50%) at Demesi and Elwakana sites are
associated with high virus pressure (Mware et al.,
2009; Legg et al., 2011).

Although plants were being evaluated for

CBSD, other diseases infecting cassava were
also assessed. High incidence of CMD at
Elwakana site was associated with influence of
whiteflies migrating from infested neighbouring
cassava fields, which concurs with the findings of
Uzokwe et al. (2016). Disease incidence varied
across sites (p<0.001, Mean<60%). High disease
incidences at Elwakana and Demesi sites could
be due to high whitefly populations while low
incidences (£19%) at Mundika and Lutacho are
associated with low whitefly populations.

Local cultivar Merry Kaluore had the highest
number of CBSD damaged roots per plot than
improved cultivars (MM96/4271 and Migyera).
Disease expression (necrosis) in root begins as
small yellow/brown corky patches which increase
in size and number as the plant grows. In
sensitive cultivars, the continued increase in corky
patches eventually covers the entire root (Hillocks,
2004). The study findings concluded that Merry
Kaluore is among the cultivars that are
susceptible to CBSD infection and risks total yield
loss due to root necrosis.

Low CBSD incidence was observed in plots
where fertilizer NPK 17:17:17 was used. Although
the use of fertilizer does not control cassava
diseases, its use is more rational when disease-
resistant (improved) cultivars are used as they



are more responsive to fertilizer application than local
cultivars (Anneke et al., 2010; Fairhurst, 2012). Plant
vigour enhancement due to fertilizer may have
contributed to low disease incidence. Disease incidence
did not vary by spacing or where cassava was
intercropped with beans. This implies that CBSD cannot
be managed by varying the spacing of cassava crops.

Yields for beans intercropped with cassava cultivar
Migyera were higher than those intercropped with
MM96/4271. Migyera is characterized by an open growth
habit which allows for light to penetrate to the ground,
while MM96/4271 has compact growth pattern which
intercepts light.

Cassava planted using 2 m x 05 m spacing
arrangement yielded higher (13.2 t/ha) than cassava
planted using 1 m x 1 m spacing arrangement (9.3 t/ha).
According to FAOSTAT (2015) report in Kenya, average
cassava Yield for cassava planted in 1 m x 1 m monocrop
is 13.5 t ha™. The insignificant change in cassava yields
as well as the increased bean yields is an indication that
cassava can be intercropped with beans using 2 m x 0.5
m cropping arrangement without negatively affecting the
cassava yields. Similar findings by Pypers et al. (2011)
indicated that cropping arrangements of 2 m x 0.5 m
increased grain legume yields without negatively affecting
cassava yields.

Cassava cultivar MM96/4271 planted using fertilizer
NPK 17:17:17 + CAN + KCI had the highest yield of 29
ton/ha. This suggests that the cultivar could be more
responsive to fertilizer applied than Migyera and Merry
Kaluore (Fairhurst, 2012).

Conclusion

Planting technologies such as fertilizer use, modification
of spacing and intercropping cassava with legumes have
no effect on prevalence of CBSD. Low incidence of
CBSD on improved cultivars indicates that CBSD can be
mitigated through crop improvement technologies such
as breeding for resistance to diseases.

Contrary to earlier recommendations that cassava
should be established at onset of rain (Toro and Atlee,
1980; Ekanayake et al., 1997), the study found that this
may be applicable to cassava pure stand cropping and
not in cassava-legume intercrop arrangements.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENT

This research was funded by IFAD through International
Institute of Tropical Agriculture under the Integrated

Ememwa et al. 3187

Systems for the Humid Tropics project which aimed at
achieving development impact and environmental
sustainability through intensification of pro-poor cropping
systems based on cassava and legumes in Kenya.

REFERENCES

Abaca A, Kawuki R, Tukamuhabwa P, Baguma Y, Pariyo A, Alicai T,
Abidrabo P, Katono K, Bua A (2013). Genetic relationships of
cassava genotypes that are susceptible or tolerant to cassava brown
streak disease in Uganda. J. Agric. Sci. 5(7):107.

Agegnehu G, Ghizaw A, Sinebo W (2008). Yield potential and land use
efficiency of wheat and faba bean mixed intercropping. Agron.
Sustain. Dev. 28(2):257-263.

Alicai T, Omongo CA, Maruthi MN, Hillocks RJ, Baguma Y, Kawuki R,
Bua A, Otim-Nape GW, Colvin J (2007). Re-emergence of cassava
brown streak disease in Uganda. Plant Dis. 91:24-29.

Amtmann A, Troufflard S, Armengaud P (2008). The effect of potassium
nutrition on pest and disease resistance in plants Physiol. Plant
133(4):682-691.

Anneke FM, Tottonell PA, Baguma Y, Ntawuruhunga P, Giller KE
(2010). Towards understanding factors that govern fertilizer response
in cassava: lessons from East Africa Nutr. Cycl. Agroecosyst. 86:133-
151.

Ariyo AO, Dixon AG, Atiri G (2005). Whitefly Bemisia Tabaci
(Homoptera: Aleyrodidae) infestation on cassava genotypes at
different ecozones in Nigeria. J. Econ. Entomol. 98(2):611-617.

Bigirimana S, Barumbanze P, Ndayihanzamaso P, Shirima R, Legg JP
(2011). First report of cassava brown streak disease and associated
Ugandan cassava brown streak virus in Burundi. New Dis. Rep.
24:26.

Boudreau MA (2013). Diseases in intercropping systems Ann. Rev
Phytopathol. 51:499-519.

Braima J, Yaninek J, Neuenschwander P, Cudjoe A, Modder W,
Echendu N, Tokom M (2000). Pest control in cassava farms
International Institute of Tropical agriculture, Ibadan, Nigeria. IITA,
ISBN 978-131-184-3.

Dietrich JP, Christoph S, Christoph M, Marianela F, Hermann L,
Alexander P (2012). Measuring agricultural land-use intensity — A
global analysis using a model-assisted approach. Ecol. Model
232:109-118.

Ekanayake 13, Osiru DS, Porto MCM (1997). Agronomy of cassava IITA
research guide.
http://www.iita.org/cms/details/trn_mat/irg60/irg60.html

Ezulike TO, Ugwu BO (2005). Smallholder cultural practices in cassava
production in Nigeria and their relevance in cassava plant protection
Advances in root and tuber crops technologies for sustainable food
security, improved nutrition, wealth creation and environmental
conservation in Africa: Proceedings of 9" ISTRC-AB symposium,
Mombasa, Kenya, 1-5 Nov 2005.

Fairhurst T (2012). Handbook for integrated soil fertility management
Africa soil health consortium, Nairobi, Kenya.

Food and Agriculture Organization (FAO) (2013). Save and grow
cassava: A guide to sustainable production intensification. Food and
Agriculture Organization of the United Nations, Rome, Italy.
http://faostat.fao.org/site/567/default.aspx.

Food and Agriculture Organization Corporate Statistical Database
(FAOSTAT) (2015). FAO database. Food and Agriculture
Organization of  the United Nations, Rome, Italy.
http://faostat.fao.org/site/567/default.aspx.

Giller KE, Tittonell P, Rufino MC, VanWikj MT, Zingore S, Mapfumo P,
Adjei-Nsiah S, Herrero M, Chikowo R, Corbeels M, Rowe E C,
Baijukya F, Mwajige A, Smith J, Yeboh E, Vander Burg WJ,Sanogo
OM, Misiko M, de Ridder N, Karanja S, Kaizzi C, K'ungu J, Mwale M,
Nwaga D, Pacini C, Vanlauwe B (2011). Methods and tools for
integrated assessment of sustainability of agricultural systems and
land use. Agric. Syst. 104:191-203.

Hahn SK, Terry ER, Leuschner K (1980). Breeding cassava for



3188 Afr. J. Agric. Res.

resistance to cassava mosaic disease. Euphytica 29:673-683.

Hillocks RJ, Raya M, Mtunda K, Kiozia H (2001). Effects of brown
streak virus disease on yield and quality of cassava in Tanzania. J.
Phytopathol 149:389-394.

International Institute of Tropical Agriculture (IITA) (1990) Cassava in
tropical Africa: A Reference Manual Chayce Publication, UK, 196.

Kogan M, Gerling D, Maddox J (1999). Enhancement of biological
control in annual agricultural environments In: Bellows T W and
Fisher T W (eds) Handbook of Biological Control: Principles and
Applications of Biological Control London Academic Press pp. 789-
817.

Legg J, Jeremiah SC, Obiero HM, Ndyetabula MN, Okao-Okuja G,
Boumeester H, Bigirimana S, Tata_Hangy W, Gashaka G, Mkamilo
G, Kumar LP (2011). Comparing the regional epidemiology of the
cassava mosaic and cassava brown streak virus pandemics in Africa
Virus Res. 159:161-170.

Legg J, Owor B, Sseruwagi P, Ndunguru J (2006). Cassava mosaic
virus in East and Central Africa: Epidemiology and management of
regional pandemic. Adv. Virus Res. 67:355-418.

Legg J, Bouwmeester H (2010). Cassava Disease Surveillance Surveys
2009 Mapping Report Great Lakes Cassava Initiative.
http://www.iita.org/wp-
content/uploads/up_b1/Annual_Survey_2009_Maps_Report_Final.pd
f

Maruthi MN, Hillocks RJ, Mtunda K, Raya MD, Muhana M, Kiozia H,
Rekha AR, Colvin J, Thresh JM (2005). Transmission of cassava
brown streak virus by Bemisia tabaci (Gennadius) J. Phytopathol.
153:307-312.

Mbanzibwa DR, Tian YP, Tugume AK, Patil BL, Yadav JS, Bagewadi B,
Abarshi MM, Alicai T, Changadeya Mkumbira J, Muli MB, Mukasa
SB, Tairo F, Baguma Y, Kyamanywa S, Kullaya AW, Maruthi MN,
Fauquet CM, Valkonen JP (2011). Evolution of cassava brown streak
disease-associated viruses. J. Gen. Virol. 92:974-987.

Ministry of Agriculture (MoA) (2012). Economic review of Agriculture
(ERA) Ministry of Agriculture, Livestock and Fisheries Government
printer, Nairobi, Kenya.

Ministry of Agriculture (MoA) (2015). Economic review of Agriculture
(ERA) Ministry of Agriculture, Livestock and Fisheries Government
printer, Nairobi, Kenya.

Mohammed IU, Abarshi MM, Muli B, Hillocks RJ, Maruthi MN (2012).
The symptom and genetic diversity of cassava brown streak viruses
infecting cassava in East Africa. Adv. Virol. pp. 1-10

Ministry of Lands (MoL) (2009). Sessional paper no 3 of 2009 on
National Land Policy. Ministry of lands Government printer, Nairobi,
Kenya.
http://www1.uneca.org/Portals/Ipi/CrossAtrticle/1/Land%20Policy%20
Documents/Sessional-paper-on-Kenya-National-Land-Policy.pdf

Muimba KA (1982). Predisposition of cassava plants to infection
by Colletotrichum manihotis Henn, and some factors involved in the
initiation of anthracnose disease. (Masters Thesis, 1982). University
of Ibadan, Nigeria. 241p.

Munga TL, Maina F, Muli BM, Sila MM (2012). Socio-economic status of
cassava production in major cassava growing districts of western,
eastern and coastal regions in Kenya A baseline survey report: East
Africa Agricultural Productivity Project (EAAPP).

Mutoko MC, Lars H, Shisanya CA (2014). Farm diversity, resource
use efficiency and sustainable land management in the western
highlands of Kenya. J. Rural Stud. 36:108-120.

Muyolo G (1984). Studies on the interaction between xanthomonas
campestris pv Manihotis Berthet and Bondar and Colletroticum
gloeosporioides f sp Manihotis Chev on cassava and its effects on
yield MPhil Thesis, University of Ibadan, Nigeria, 255p.

Mwango'mbe AW, Mbugua SK, Olubayo F, Ngugi EK, Mwinga R,
Munga T, Muiru WM (2013). Challenges and opportunities in cassava
production among the rural households in Kilifi County in the coastal
region of Kenya. J. Biol. Agric. HealthC. 3(10):30-36.

Mware BO, Ateka EM, Songa JM, Narla RD, Olubayo F, Amata R
(2009). Transmission and distribution of cassava brown streak virus
disease in cassava growing areas of Kenya. J. Appl. Biosci. 16:864-
870.

Neuenschwander P, Hamomd WNO, Ajuonu WNO, Gabo O, Echendu
TNC, Bokonon-Granta AH, Allomasso R, Okon | (1990). Biological
control of the cassava mealybug, Phenacoccus manihoti (Hom:
Pseudococcidae) by Epidinocarsis lopez (Hym: encyrtidae) in west
Africa influence by climate and soil. AgroEcosyst. Environ. 32:39-55.

Obiero HM, Akhwale MS, Njarro OK, Mpapale JS, Otunga BM (2010).
Participatory cassava cultivar selection in western Kenya, Kakamega:
KARI. pp. 7-11.

Ogutu MO, Owuoche JO, Muasya R, Ouma G (2012). Effects of inter-
specific nitrogen fertilizer and bean-maize cropping systems on
quality of bean seeds in western Kenya. ABIJNA. 4:154-168.

Ogwok E, Odipio J, Halsey M, Gaitan-Solis E, Bua A, Taylor NJ,
Fauquet CM, Alicai T (2012). Genetically engineered RNA
interference (RNAi)-derived field resistance to cassava brown streak
disease. Mol. Plant Patho. 13(9):1019-31.

Osogo AK, Muoma J, Nyamwamu P, Omuse CN, Were H (2014).
Occurrence and Distribution of Cassava Brown Streak Viruses in
Western Kenya. J. Agri-Food Appl. Sci. 2(7):184-190.

Polston JE, Capobianco H (2013). Transmitting plant viruses using
whiteflies. J. Vis. Exp. (81):e4332.

Pypers P, Sanginga JM, Kasereka B, Walangululu M, Vanlauwe B
(2011). Increased productivity through integrated soil fertility
management in cassava-legume intercropping systems in the
highlands of Sud-Kivu, DR Congo. Field Crops Res. 120:76-85.

Rwegasira GM, Chrissie MER (2012). Relationship between symptom
expression and virus detection in cassava brown virus streak-infected
plants. J. Agric. Sci. 4(7):246-253.

Satti A (2012). Combating agricultural pests and diseases through
cultural means. Experiment 5(4):304-314.

Storey HH (1936). Virus diseases of East African Plants: VI A progress
report on studies of the diseases of cassava. East Afr. Agric. J. 2:34-
39.

Storey HH (1939). Report of the Plant Pathologist. East Afr. Agric. Res.
Station Rep 1939. In: Bigirimana S, Barumbanze P, Ndayihanzamaso
P, Shirima R, Legg JP (2011). First report of cassava brown streak
disease and associated Ugandan cassava brown streak virus in
Burundi. New Dis. Rep. 24:26.

Thresh JM, Otim-Nape GW (1994). Strategies for controlling African
cassava mosaic geminivirus. Adv. Dis. Vector Res. 10:215-236.

Toro MJ, Atlee C (1980). Agronomic practices for cassava production: A
literature review, Cassava cultural practices, Proceedings of a
workshop held in Salvador, Bahia, Brazil 18 - 21 March, 1980. pp. 13-
28.

Uzokwe VNE, Mlay DP, Masunga HR, Kanju E, Odeh IOA, Onyeka J
(2016). Combating viral mosaic disease of cassava lake zone of
Tanzania by intercropping with legumes. Crop Prot. 84:69-80.

Vanderschuren H, Moreno |, Anjanappa RB, Zainuddin IM, Gruissem W
(2012). Exploiting the Combination of Natural and Geneticlly
Engineered Resistance to Cassava Mosaic and Cassava Brown
Streak Viruses Impacting Cassava Production in Africa. PLoS One
7(9):e 45277.

Winter SK, Marianne S, Beate A, Pietruszka M, Paape M, Butgereitt A
(2010). Analysis of cassava brown streak viruses reveals the
presence of distinct virus species causing cassava brown streak
disease in East Africa. J. Gen. Virol. 91:1365-1372.

Woyengo VW, Melis R, Shanahan P, Omari OM (2014). Particpatory
evaluation methods of cassava cultivars preferred in mid-altitude
tropical climate conditions of western Kenya. Afr. J. Agric. Res.
9(17):1326-1333.

Yadav J, Ogwok E, Wagaba H, Patil B, Bagewadi B, Alicai T, Gaitan-
Solis E, Taylor N, Fauquet C (2011). RNAi mediated resistance to
cassava brown streak Uganda virus in transgenic cassava. Mol. Plant
Pathol. 12:677-687.

Yaninek JS (1989). Handbook on the cassava green mite
(Mononychellus tanajoa) in Africa: A guide to its biology and
procedures for implementing classical biological control 1ITA, 1989.



