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ABSTRACT

Cassava is the staple food in the Democratic Republic of Congo (DRC) where both the roots and
leaves are consumed. This crop is susceptible to several viral diseases, including Cassava Mosaic
Disease(CMD) and Cassava Brown Streak Disease(CBSD) in eastern DRC. Following earlier
studies that show root necrosis occurring in western DR Care not due to CBSD but to Cassava
Root Necrosis Disease (CRND), an exploratory survey was conducted in western DRC from
2016 to 2017 in order to determine the distribution, the severity and the incidence of this disease
(previously known as CBSD-like disease). NGS ( Next Generation Sequencing) results
confirmed all the previous negative results obtained using PCR and CBSV primers. This
suggests that microorganisms such as bacteria or fungi could be responsible for cassava root
necrosis in western DRC and is not CBSD as predicted. Five provinces (Bas-Congo, Kinshasa,
Bandundu, Equateur and Kasai-Oriental) were surveyed and data were collected according to the
harmonized protocols adopted by countries within the West African Virus Epidemiology
(WAVE) project. Statistical tests (ANOVA) performed on our data showed that CRND severity
did not vary significantly among the provinces of Kinshasa, Bandundu and Bas-Congo which are
the areas most affected by the disease. Bas-Congo and Kinshasa provinces presented the highest
maximum disease severity (score 3 and 5 respectively), while Equateur province had the lowest
disease severity score. Equateur province also had the highest percentage of healthy plants and
few plants presented mild symptoms. The overall average of cassava root necrosis severity in
western DRC ranged around 1.88 + 0.08, an approximate score of 2. The overall mean incidence
of CRND in western DRC was 22.24 + 2.4% but reached 100% in localities considered as
hotspots (Lukuakua in Bas-Congo and Nguma in Plateau des Batékés). The behaviour of cassava
varieties against CRND is similar with CBSD in East Africa, most of improved varieties and
landraces are susceptible to both diseases. Correlation analyses showed a positive correlation (r =
0.6940) between severity and incidence of CRND. Therefore, Bas-Congo province is the most
affected province, while the province of Equateur is the least affected province in western DRC.
Further investigations, including genomic surveillance, should also be conducted in the eastern
DRC where CBSD is confirmed to know if CRND is found in conjunction with CBSD and to
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report possible instances of mixed infections. For medium-term disease control, our study
suggests that the development and deployment of control measures including cultivars with
resistance to CRND and CBSD should be a priority.

Keywords: Severity, Incidence, CRND, CBSD-like, Survey.
1. INTRODUCTION

Cassava (Manihot esculenta) production is important to the economy of Democratic Republic of
Congo (DRC). It is one of the country’s principal crops, with per capita consumption of 353kg
per year, which is the highest in the world (Mbago et al., 2017). Cassava, a perennial crop
originally from South America, was introduced from Brazil into the Congo basin of Africa in
1558 by the Portuguese[1].

In more recent times, farmers in the Congo region, who were used to growing staple crops of
millet, banana and yam, willingly adopted cassava as it was pest-free and a reliable crop during
drought conditions. At that time, cassava was grown entirely for domestic consumption without
any export potential [2].

DRC is the largest consumer of cassava worldwide, with an average consumption of 353kg per
year per capita, or 145kg per capita in cassava flour form. The flour form is worked into a dough
known as fufu[3].The country is also the leading consumer of cassava leaves as a vegetable, as
these leaves are rich in proteins, calcium, Vitamin A and Vitamin C. Cassava products
manufactured and used in DRC include bakery products using unfermented flour, pulp and
wafers, and industrial products such as starch, alcohol and biofuel[4]. Fermented and dried
cassava pulp, known as cossettes, is produced through a simple process for human consumption,
and is not labor-intensive, while chickwangue is a familiar processed cassava product in DRC
[5].There has been a considerable increase in cassava cultivation over the years; approximately
22% of the cultivated land area in 1959 was planted with cassava[6].

Some fifteen years ago, this cultivation area had increased to over 50% of the DRC’s land
area[7].According to an FAO estimate from 2000, 16.5 million tons of cassava was produced
from an area of 2 million ha. The southern region accounted for 2.4 million tons from an area of
358,000 ha[8].Nowadays, the production of this important crop in DRC is constrained by several
factors, such as pest infestations, inadequate tools for planting, and inadequate infrastructure[8].

Cassava production in Africa is constrained mostly by pests and diseases [9]. Cassava mosaic
disease (CMD), caused by cassava mosaic geminiviruses (CMG),is undoubtedly the most
important constraint to the production of cassava in Africa in the 21st century [10].The most
visible symptom of the disease is the expression of the characteristic leaf mosaic, and young
plants (less than 3 months after planting) are more severely affected than old ones. Symptoms
range from barely perceptible mosaic to stunting of the plant and extreme reduction of the leaf
blades [11]. Epidemics of CMD are devastating, with yield losses varying between 20-90%
([11]._[22], [13]) depending on the virus strain. In the 2000s, DRC experienced a severe
outbreak of the CMD caused by the Ugandan variant (EACMV-UG). This virus was detected in
most of the country’s cassava-growing areas and resulted in significant crop losses ([14],[15]).
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Cassava brown streak disease (CBSD) is another viral disease that constrains cassava
production in most parts of East Africa. Root yield loss attributable to CBSD can exceed 70%
[16].. CBSD has long been considered endemic in the coastal zones ([17]; [18]) and affected
cassava areas located at low and mid altitudes (below 1000 meters) [19].However, from 2004,
outbreaks were reported at altitudes greater than 1000 meters in the Great Lakes region of East
Africa and Central Africa [20]. CBSD has been prevalent for several years in various East
African and southern African countries including Kenya, Malawi, Mozambique, Tanzania and
Uganda [20]. More recently, however, this disease has been reported in eastern DRC and its
taxonomic identity has been confirmed through molecular tests [21].

CBSD leaf symptoms include blotchy yellow chlorosis or feathery necrosis, often associated
with minor veins, which can appear within the first few months of planting infected cuttings
and persist in mature leaves. Brown, round or elongated streak-like lesions can occur on the
young green portion of infected stems, but the main economic loss is caused by dry, brown
necrotic lesions in the storage tissues of the tuberous roots of infected plants ([17], [22]). Root
constrictions are also sometimes observed, as well as brown/black lesions on green fruits, and
necrotic lesions in leaf scars. In severe infections these lesions Kill dormant axillary buds
leading to a general shrinkage of the node and death of the intermodal tissue, so that the branch
dies from the tip, causing dieback [23]. Secondary losses occur as a consequence of early
harvesting, which farmers use as a strategy to avoid root necrosis [23].CBSD damage on
tuberous roots in the form of yellow/brown necrosis results in tissues which are unfit for human
consumption [23].

CBSD is known to be caused by a single-stranded RNA virus of the Potyviridae family; genus
Ipomoviru s[24].Two genetically distinct strains of CBSVs were recognized in East Africa [25],
which are now known to be two distinct species, Cassava brown streak virus (CBSV) and
Ugandan cassava brown streak virus(UCBSV)[26].In the early 2000s, cassava root necrosis
(Figure 1), similar to that caused by CBSD, was reported in the western provinces of DRC
(Kinshasa and Bas-Congo) by Mahungu et al. (2003) [27]. and the then-current PCR diagnoses
did not detect any causal agent related to the observed symptoms. From then on, the disease
was referred to as ‘CBSD-like disease’ [28].

Whole genome sequencing of infected material in Tanzania, Uganda, Mozambique, and Kenya,
and Zambia has shown that there are several species of UCBSV and CBSV ([29], [30]. [31]).

Since 2004, several investigations have been undertaken to identify the causal agent responsible
for CBSD-like disease in western DRC using cassava leaf samples including those from plants
showing very severe symptoms— with no success to date [28].

More recently, genomic studies using Illumina sequencing showed that no virus was present in
any samples with severe root necrosis collected from western DRC. This suggests that
microorganisms such as bacteria or fungi could be responsible for cassava root necrosis in
western DRC and is not CBSD as predicted (Bakelana et al, unpublished). NGS (Next
Generation Sequencing) results confirms all the previous negative results obtained using PCR
and CBSV primers [28].
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This is the first scientific evidence that no currently known virus is responsible for the disease
which had been referred to previously as ‘CBSD-like disease’. Consequently, the new disease
found in western DRC has been designated “ Cassava Root Necrosis Disease” or CRND.

Bacteria and fungi isolations work is currently ongoing with the collaboration of the Plant Clinic
of Kinshasa and Koch Postulate studies will be carried out to confirm the pathogen city of those
microorganisms.

In order to determine the current extent of CRND, a survey was undertaken in 2016 and 2017 in
western DRC to assess the severity and incidence of the disease. Thus, five provinces were
surveyed from 2016 to 2017. Reports received from several partners indicated that the disease
was spreading from Kinshasa and Bas-Congo provinces towards western DRC provinces and
towards neighbouring countries ([32], [33]).

2. MATERIALS AND METHODS

Surveys were carried out in 2016 and 2017 in western DRC. Five provinces (Bas-Congo,
Kinshasa, Bandundu, Equateur and Kasai-Oriental — see Figure 1) were surveyed; the province
of Kasai Occidental was not surveyed due to security reasons. As DRC is part of the West
African Virus Epidemiology project (WAVE), we used the harmonized field-sampling protocol
adopted by the WAVE project —as described in the work of other researchers ([20], [34],[35].
[36]).
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Figure 1: Map of DRC illustrating the country’s provinces

A total of 146 fields in the five provinces were surveyed as follows: 29 fields in Equateur, 30 in
Kasai-Oriental, 38 in Kinshasa, 26 in Bas-Congo and 23 in Bandundu. Fields of 12-year-old
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plants were selected at regular intervals along roads within each region. Cassava plants of this
age were selected to allow the manifestation, if any, of root necrosis. Root necrosis appearance is
related to the age of the cassava plant and the assessment is easier for plants older than 12 years.
This is the same phenomenon with CBSD where CBSD root necrosis progression increases with
plant age [37].

Thirty plants were examined along both diagonals across the field. In each field sampled, 10
plants were uprooted and their tuberous roots were transversely sliced to check for root necrosis.
Root symptoms severity was scored on a scale of 1 (no necrosis) to 5 (> 50% necrotic). Disease
incidence was calculated as the percentage of plants with symptoms in relation to the total
number of assessed plants. Whitefly abundance was not assessed because there is no
confirmation yet that cassava root necrosis disease is transmitted by whiteflies.

Farmers provided information on cassava varieties and crop age but were unable to provide
names for some field samples. The longitude and latitude for each sampling site were recorded
using a global positioning system (GPS) device. In 2016, data were collected using hard copy
survey forms, 2017 the collection process was refined in collaboration with Cambridge
University and Rothamsted Research in the UK. Our data collection form was converted into an
electronic application that was uploaded onto a tablet.GPS coordinates were collected from
different surveyed fields and these allowed us to produce geo-referential maps showing the
incidence and severity level of each locality. Survey data were uploaded from the tablet
application to the Cambridge University server on Excel files.

Statistical analysis of survey data was carried out using the Statistix 8.0 software[38].Data were
submitted to the analysis of variance (ANOVA) in order to verify whether provinces are
statistically different in terms of disease severity and incidence. Means comparison and
correlation analysis between different parameters (severity, incidence and altitude) were also
carried out.

3. RESULTS AND DISCUSSION
3.1 Mapping of the surveyed area.

GPS coordinates enabled the establishment of geo-referential maps on the presence/absence,
severity and incidence of the disease in western DRC.

Data related to the disease are recorded in Figures 2, 3 and 4, below.
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Figure 2: Distribution of CRND in western DRC — CRND is present in all surveyed provinces

I Cassava Root Necrosis Severity in Western Democratic Republic of Congo I

.@,

Mai-Ndombe:

"t. ]

o

Kmsnasa &
L -

Centrpl wana

g
\;r-(
g
[ ]

* Kongo cary P
e =
ﬁ\ﬁéﬁ;\

m_‘% . Severity

. ® g% * None
. Very low

Kongo Gentral ~ . Low
- (5 ® Quite high

N \'\} ® High
250 0 250 50 e Very high

L 1 1 1

Data source: Wave surveys, 2018; DRC Shapefile; Datum: WGS 84

Edition: Eden Mvuenga, 2018

Figure 3;Root necrosis severity in western DRC
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3.2. Disease severity.

Figure 3: Root necrosis incidence in western DRC

The ANOVA test and means comparison of severity data from different provinces showed a
significant difference (P = 0.0141) with respect to disease severity between the different
provinces surveyed (Table 1).

Table 1: Disease severity in provinces surveyed

Province Severity
Kinshasa 2.13a
Bandundu 2.10a
Bas-Congo 2.08 a
Kasai-Oriental 1.82 ab
Equateur 1.39b
Mean 1.87
Std 0.08
CcVv 49.28
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LSD (.05) x

ANOVA results and means comparison showed the existence of 2 groups significantly different
(a and b). Provinces Kinshasa, Bandundu and Bas-Congo are not significantly different from one
another them in terms of severity of the disease and are the most affected by the disease while
the province of Equateur has the lowest severity. The province of Kasai-Oriental is an
intermediate group (ab) which is not significantly different from the two groups mentioned
above.

Figure 5 below shows that only Bas-Congo and Kinshasa province presented the highest disease
severity (score 3 and 5 respectively). Equateur province had the highest percentage of healthy
plants, although some samples presented mild symptoms.
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Figure 4: Disease severity in each of the five provinces surveyed

The overall average cassava root necrosis severity during this first exploratory survey in western
DRCwasaround1.88 + 0.08, an approximate score of 2.
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These results are consistent with the first report of CBSD undertaken in Zambia in July
2017[39]which showed root necrosis mean severity ranging from 2 to 2.3 (mild to moderate). If
no control measures are put in place, the overall disease severity average will increase in thenear
future.

3.3. Disease incidence.

ANOVA and means comparison of data presented in Table 2 below showed that there is a
significant difference between different provinces in terms of the incidence of the disease.

Table 2: Disease incidence in provinces surveyed.

Province Incidence (%)
Kinshasa 20.62 c
Bandundu 35.0 ab
Bas-Congo 38.75a
Kasai-Oriental 21.37 bc
Equateur 6.42 d
Mean 22.24

Std 2.4

CcVv 120.98

LSD (.05) o

The means comparison has shown that there are 3 significantly different groups (a, ¢ and d). Bas-
Congo Province showed the highest incidence of the disease (38.75% (a)), while the provinces of
Kinshasa and Equateur showed the lowest incidences, respectively with 20.62% (c) and 6.42%
(d).Kasai-Oriental and Bandundu provinces are in two intermediate groups (ab and bc) which are
not significantly different from groups a and c. The data above confirm that Bas-Congo is the
most affected province, while the province of Equateur is the least affected in western DRC. The
overall mean incidence of western DRC was 22.24 + 2.4% and reached 100% in localities
considered as hotspots. The same tendency was recorded in Mozambique in 1999 where CBSD
incidence reached 80-100% in some areas and many of the main cassava cultivars were affected
[40].

3.4. CRND hotspots.
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A joint analysis of data on the severity and the incidence of the disease revealed two localities
(Lukuakua in Bas-Congo and Nguma in Kasai-Oriental) that we can now consider as hotspots of
the disease, with very high levels of severity and incidence (Figure 6).

Hotspots have been variously described as areas of: elevated incidence or prevalence; higher
transmission efficiency or risk; or higher probability of disease emergence. In infectious disease
epidemiology, the term ‘hotspot’is frequently used to refer to areas of elevated disease burden,
high transmission efficiency or an area in the natural environment where the disease occurs on a
permanent basis ([41].[42].[43]). Other localities where there is currently high disease incidence
but low disease severity could become hotspots in the near future if contingency measures are
not put in place. Instances of these conditions are found at Muluono, Misieme, Kitshini, all in
the province of Kinshasa; at Boketa in Equateur province and at Luano in Kasai-Oriental
province. These localities can be considered potentials hotspots of the disease in western DRC.
Actions to deal with these risks should start at hotspots and potential hotspot localities
immediately.
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Figure 5: Hotspots and potential hotspot locations in western DRC

3.5. Cultivars utilization
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During the survey, a clear difference was observed in the use of cassava varieties across different
provinces. Improved varieties such as landraces were identified. The list of varieties encountered
is presented Table 3 below.

Table 3: Cultivar utilization and effect of disease in the five provinces surveyed

Cultivars N° of % of Severity Incidence
surveyed surveyed (%)
fields fields

Obama 31* 24.8 2.5 45.16

RAV 18** 14.4 2.5 55.55

Biele 8 6.4 2.27 75.0

Kamana-Mabanza 5 4.0 1.8 80.0

Other cultivars 63 50.4 2.53 58.06

Total 125 100 n/a n/a

Mean - - 2.32 62.75

Std 23.55 18.84 0.31 14.41

CV (%) 94.19 94.19 13.32 22.97

(*) 22 fields in Equateur, 6 fields in Kinshasa and 3 fields in Bandundu.
(**) 2 fields in Equateur, 2 fields in Kinshasa and 14 fields in Bas-Congo.

The Obama variety whose pedigree is TME 419 was encountered more frequently in the
Equateur province. This variety was introduced to DRC in 2010 from I TA-Ibadan through the
research center of INERA-Mvuazi. It was initially widely accepted in Kinshasa and Bas-Congo
due to its high dry matter content, its high fresh tuberous root yield and the quality of its
processed products,such as fufu and chikwangue. But a few years later, after its wide distribution
and adoption in Bas-Congo province and Kinshasa, this variety became highly susceptible to
cassava root necrosis and 11TA and INERA officially withdrew it from the official list of cassava
varieties to be promoted and cultivated in DRC (DRC Ministry of Agriculture, 2015).Asa result,
this variety was abandoned by farmers in the provinces of Kinshasa and Bas-Congo. Table
3illustratesthat this variety continues to be cultivated intensively in the Equateur province, where
necrosis disease is not yet a threat to cassava cultivation.

The RAV variety is the most cultivated variety in Bas-Congo province and is among the most
susceptible varieties to root necrosis [32].Landraces such as Biele and Kamana-Mabanza were
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encountered during the surveys and these also presented root necrosis symptoms. This
contradicts the hypothesis that landraces are resistant to root necrosis and is in accordance with
results of Bakelana et al. (2018) [32].and Bakelana et al. (2019b) [33]showing that the RAV
variety was also susceptible to root necrosis, as was the case in the north of Angola and south-
western DRC.

Our study results showed that the behavior of cassava varieties to CRND is similar to their
response to CBSD: most of improved varieties and landraces are shown to be sensitive to CRND
(Table 3).

The first CBSD survey in Mozambique in 1999, showed that most of the common cassava
cultivars grown in Mozambique (Zambezia and Nampula provinces) were affected by CBSD
[40]. Due to current susceptibility of all cassava varieties in DRC to CRND, the recommendation
to farmers in zones with high disease pressure is to prematurely harvest cassava fields in order to
avoid root losses caused by CRND [40]. This is the main control measure recommended while
waiting for the release of resistant varieties.

This would follow the strategy used in East Africa, including areas of Tanzania where CBSD is
endemic. CBSD root symptoms usually begin to appear in cassava grown from infected cuttings
at around 5-7 months after planting. Once root symptoms appear, they become progressively
more severe the longer the crop remains in the field. Farmers harvest their cassava fields
prematurely to avoid such root necrosis damage. A drawback of this strategy is that that the crop
is harvested before reaching its full yield potential and it cannot be kept in the field as a food
reserve in the event of famine during the dry season [45].

3.6. Correlation analysis

Correlation analyses (Table 4) made between different parameters showed a significant
difference between root necrosis severity and incidence. There is indeed a positive correlation (r
= 0.6940) between these two parameters. This corroborates most of the results available on
cassava brown streak disease in East Africa [44].

No correlation was found between the altitude and disease. The locality of Luozi (Bas- Congo
province) constitutes the lowest zone of the surveyed area and the locality of Lukangu (Kasai-
Oriental province) represents the culminating point and no significant difference (p = 0.5455)
was found between the altitude parameter and the manifestation of the disease. In general, the
entire area of western DRC consists of plains and plateaus. Very few high-altitude areas
(mountain chain) are found in western DRC and where there are hills; cassava is generally grown
in lowlands.

www.ijaeb.org Page 248




International Journal of Agriculture, Environment and Bioresearch
Vol. 4, No. 06; 2019
ISSN: 2456-8643

Table 4: Correlation of CRND severity in relation to CRND incidence and altitude

Parameter 1 Parameter 2 Coefficient P value Significance
CRND severity CRND 0.6940 0.0000 **

incidence
CRND severity Altitude 0.0546 0.5455 ns

Ns Not significant
*-Significant at P < 0.05 level.
**. Significant at P < 0.01 level.

4. CONCLUSION

This study aimed to determine the current distribution, severity and incidence of CRND in
western DRC. Our results have shown that the disease affects all provinces in western DRC but
at different levels of severity and incidence. From our exploratory survey conducted in western
DRC in 2016 and 2017, we set out below our observations and recommendations.

If no control measure is put in place, the overall disease severity and incidence average is likely
to increase in the near future in western DRC and the disease is also likely to spread to eastern
DRC where CBSD has been confirmed already. We request the Congolese government or their
partners (donors, etc.) to provide funds in order to implement the strategies formulated in the
DRC national plan. This plan was the country’s response to cassava viral disease control as
discussed in Kinshasa in November 2018 and ratified by the DRC Ministry of Agriculture.

Further investigation should also be conducted in the eastern DRC where CBSD has been
confirmed. This would enable us to know if root necrosis occurs in the same environment as
CBSD and to report if there are cases of mixed infections. Should these two diseases, which
cause similar root symptoms, affect cassava simultaneously in the same area of western or
eastern DRC, the consequences for cassava production would be very serious.

The potential impact of mixed CBSD and CRND infections are outlined here. As these two
distinct diseases would be indistinguishable at the field level, plant material would need to be
screened and viruses differentiated using molecular tools. This would present a serious issue due
to the country’s current limited research infrastructure (e.g. laboratories)to tackle this work. At
the farmer level, the implementation of control methods, such as phytosanitation, choice of
varieties and lands, would be complex and difficult to achieve. Therefore, we consider that there
is an urgent need for the development of phytosanitary and regulatory measures to restrict the
further spread of both diseases.
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The presence of CRND in western DRCand CBSD in eastern DRChas implications for the
movement of cassava germplasm within the country and for Central Africa. Thus, this study
highlights the need — at the government level — to establish an open quarantine system between
the DRC and its neighbours to control the movement of cassava germplasm within DRC and
throughout the central African region. Additionally, we need to facilitate the exchange of
disease-indexed tissue culture plantlets among neighbouring countries. This will require the
establishment of a rapid and robust CRND and CBSD diagnostics capability within several hubs
in western and eastern DRC.

For medium-term disease control, our work suggests that the development and deployment of
control measures should be a priority; these measures include the use and deployment of
cultivars resistant to CRND and CBSD.
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