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ABSTRACT

Potato (Solanum tuberosum L) production in the Far North Region of Cameroon is faced with scarcity
or inequality of rains and with diseases that affect yields. To improve the production a study was conducted in
the production area of Mogode subdivision with the objective of identifying potato diseases and pathogens
agents. The experimental design was in complete randomized blocks. The plant material used was a local variety
of potato (Dosa). Diseases and pathogens have been identified on a base of symptoms and morphological
characteristics. The incidence, severity and rainfall were assessed. Yield, number of stems and diameter of the
tubers were evaluated. The diseases identified are fungal (late blight, Alternaria or early blight and Fusarium
wilt), viral (Virosis M, Rust stain and Potato leaf roll (PLR) and bacterial (Bacterial wilt and Common scab).
Conidia of Phytophthora infestans, and Alternaria spp. were found.Whatever the site and disease, the incidence
has remained below 25%. Late blight was more present in the Gouria site, Alternaria and virosis M more present
in the Mouvou site. The yield was roughly the same at the two sites, around 3 t/ha. The highest number of stems
was obtained at Gouria, 18 £ 0.75. The potato is attacked by several diseases. The results of this study represent
an important baseline data for the implementation of integrated disease management in Cameroon.
© 2020 International Formulae Group. All rights reserved.

Keywords: Solanum tuberosum, diseases, pathogens, incidence, severity, yield.

INTRODUCTION

The potato (Solanum tuberosum L.)
occupies a preponderant place in the food of
many countries by the surfaces which it
occupies, the jobs which it provides and the
volumes of production which it generates.
World production was estimated at more than

© 2020 International Formulae Group. All rights reserved.

DOl : https://dx.doi.org/10.4314/ijbcs.v14i8.14

368 million tonnes on 19.4 million hectares in
2013 (Issaetal., 2017). The potato occupies the
fourth place after the wheat, rice and corn
crops. It is therefore the main non-cereal
foodstuff in the world (FAO, 2009).

In Cameroon, potato is cultivated in
areas of high altitudes, especially by small
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farmers (IRAD, 2012). Six of the ten regions
are concerned, the North-West, the South-
West, the West, Adamawa, the Littoral and the
Far -North (Fontem et al., 2005). It constitutes
a basic food for the populations of these
regions (annual consumption of 4 to 10 kg per
inhabitant/year), an important source of
income, because part of production is either
sold in the local market, or exported to the
neighboring countries. National production
was estimated at 229 000 tonnes over 23 500
hectares in 2009 (IRAD, 2012). Thus, despite
the importance of the potato in the national
economy, total production remains below real
potential, yields are generally low (Njualem et
al., 2001; Diop et al., 2019) and are between 3
and 11tonnes per hectare, while those of
european countries are on average 25 tonnes
per hectare ha and reach 60 tonnes per hectare.

In the Far North Cameroon Region,
particularly in the Mogodé subdivision (Mayo-
Tsanaga), the only and main production area,
the low yields observed are associated with
poor peasant farming practices (Ngoyi et al.,
2020), the scarcity or inequality of the rains and
especially to diseases and pests. Many diseases
have been reported on potatoes in several
countries (Masum et al., 2011; Habtamu et al.,
2012; Alkher et al., 2015; Son et al., 2018) and
in Cameroon (Fontem et al., 2003; Fontem et
al., 2005; Lontsi et al., 2019). Late blight
(Phytophthora infestans) and Alternaria or
early blight (Alternaria spp) appear to be the
major fungi diseases threatening production of
potato in the world with more 80% of losses
(Abuley and Nielsen 2017; Ah-Fong et al.,
2017). Potato crop losses due to bacterial
diseases could be direct or indirect. Brown rot
and Bacterial wilt (Ralstonia solanacearum) of
potato are the major bacterial diseases in potato
production area (Kong et al. 2016; Prior et al.
2016; Charkowski, 2020). Whereas more than
50 different viruses and one viroid have been
reported infecting potatoes worldwide only a
handful of them cause major losses globally
(Chiunga and Valkonen, 2013). PVY and
PLRV (potoato leafroll virus) are now the most
damaging viruses of potato world-wide, with
PVY having overtaken PLRV as the most
important. Tuber yield losses are caused by
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either of them in single infections and can
reach more than 80% in combination with other
viruses. PV X occurs commonly worldwide and
causes losses of 10-40% in single infections
and is particularly damaging in combination
with PVY or PVA (Baldo et al., 2010).

However, no study has been conducted
to assess the nature and impact of potato
diseases in the locality of Mogodé, Cameroon.
The objective of this work was to inventory
potato diseases in the district of Mogodé
(Mayo-Tsanaga) in the far north, Cameroon.
This work will give a better understanding of
pathogen organisms involved in the diseases
expression and serves as towards diseases
management.

MATERIALS AND METHODS
Area of study

Study was conducted in two sites.
Mouvou (10° 53’ 867’ N - 13° 61’ 387" E)
and Gouria (10° 56' 665>’ N - 13° 58’ 771’ E).
The two sites are 10 km apart.

Experimental design

The experimental design was in
complete blocks (03) with 60 plants of local
variety (Dosa) per block., i.e. 180 plants per
site. In total, almost 360 seed of potatoes were
monitored for the trial at the two sites. Each site
had an area of 52.5 m?,

The sowing was direct according to the
spacings of 80 cm between the rows and 25 cm
between the pockets. Each pocket, contains 1
pre-closed tuber. The sowing depth was
approximately 5 cm. Each bag received
approximately 20 g of fertilizer NPK.

Identification of diseases and pathogen
agents

The diseases were identified using
several identification keys (Kamaluddin, 1970;
Radtke and Rieckmann, 1991; Delleman et al.,
2005). For viral diseases, the observation of
typical symptoms was enough in the field since
viruses cause some symptoms of their own
such as mosaics (Lepoivre, 2003). For fungal
diseases, in addition to the symptoms observed
in the fields, fungi spores were observed using
an optical microscope (Omax) in the
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laboratory. Conidia were identified using
identification keys. Two (2) methods were
used, culture in a humid chamber and culture in
a culture medium. Potato Dextrose Agar (PDA)
and Water Agar (WA) were used.

The samples were collected in the
morning and taken to the laboratory. Once in
the laboratory, the part of the organs showing
symptoms was circumscribed and cut using a
sterilized blade (with the Bunsen burner) in the
laminar flow hood. The leaves were cleaned
first with tap water and then in 70 °C alcohol
and 2% bleach for 3 minutes (Uaciquete,
2013). Then they were put in the culture media
(WA, PDA) previously prepared. For humid
room, the filter paper was cut and placed at the
bottom of the sterile Petri dishes. A few drops
of sterile distilled water were added to maintain
humidity, and then the diseased organs were
introduced into it. Preparations were incubated
on photoperiod 12/12h. After four (4) to seven
(7) days, the boxes were taken out for the
observation of spores. Direct observations
were done for the samples with the mycelium
in the field.

Assessment of disease development in
treatments

The incidence and severity of the
diseases were assessed in the field 15, 30 and
45 days after sowing (DAS). The infected
leaves were remove after to avoid twice counts.
Rainfall was assessed during the two planting
seasons using a rain gauge.

Assessment of the incidence of the diseases
observed
Incidence of diseases were evaluated

using the following formula: I(%)z’}v—px
100 .With I: incidence ; n: number of plants
showing symptoms per plot; and N total
number of planting plot.

Assessment of the severity of the diseases
observed

The severity of the disease was assessed
by estimating the leaf area occupied by
thesymptoms of the disease using the

Z0XL o 100.With =: the sum of the

formula:= =—
N
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products between the number of diseased
plants (a) and the number of plants with the
index given in% (b); N: the total number of
plants in the plot. The severity index used is as
follows:0 = no symptoms; 1 = 25% of diseased
leaves; 2 = 50% of diseased leaves; 3 = 75% of
diseased leaves; 4 = 100% diseased leaves. The
number of diseased leaves per plant was
associated with this index.

Evaluation of growth and agronomic
parameters

The growth parameters such as the
number of stems and the diameter of the tubers
(using a caliper) were carried out on 25 plants
of each plot unit.

The harvest was carried out 90 DAS
when the leaves turned yellow and curved at
the level of the collar. The mass (kg) of the
tubers was determined using a balance
(SANTOPLUS brand) It consisted of weighing
the tubers of 25 plant samples per plot unit
(Block). Then, the weight per plot unit was
added to obtain the mass of tubers on the site.
By extrapolation, the yield per hectare was
estimated for each treatment from the area of
each plot unit and the weight of the tubers by
treatment using the following formula:

Yield (t/ha) = (Yield of the PU x 10 000
m?) / (S) x 100 (Issa et al., 2017).

With S: area of the plot unit (block) and
10000 m? the area of one hectare and PU the
weight of the tubers harvested per plot unit

Measure of Rainfull

The data were collected using two rain
gauges installed in the middle of the fields at
Mouvou and Gouria. Each graduated rain
gauge consisted of a conical tube, hung on a
wooden support. The rainfall was recorded
after each rain by measuring the height of the
water in the gauge.

Data analysis

Data collected were subjected to
analysis of variance (ANOVA) and means
were separated using the Duncan’s multiple
range test (5%). SPSS 16.0 software was used.
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RESULTS
Diseases and pathogens agents identified

Nine diseases have been identified. Late
blight, Alternaria (early blight), Fusarium wilt,
Virosis M, Rust stain, PLR, Bacterial wilt and
Common scab.

Potato late blight has affected all plant
organs (leaves, stems and tubers). The
characteristic symptoms are: rounded brown
spots, with a yellow halo visible on the upper
surface of the leaves which eventually dry out
(Figure 1A). A cut of the affected tubers
showed marbled areas of brown color on the
surface which may extend towards the center
of the tuber (Figure 1B). Microscopic
observation of the cultures revealed the
presence of numerous ovoid to elliptical-
shaped tapering sporangia at the base (Figure
1J). These sporangia belong to the fungus
Phytophthora infestans.

The first symptoms of alternaria appear
on older leaves before spreading to the rest of
the foliage. These are small, more or less
circular brown spots scattered on the upper
surface of the leaves (Figure 1C). Microscopic
observation of the cultures revealed two types
of spores with variable shapes depending on
the species. These are Alternaria solani and
Alternaria alternata. They all have septate
conidia with dark brown colors. However,
Alternaria solani is elongated (Figure 1K)
unlike A. alternata which is ovoid (Figure 1L).

Virosis M is characterized by a soft
rolling of the summit leaves as well as mosaics
on the leaf blade (Figure 1D). The agent
responsible for potato M disease (Virosis M) is
PVM (Potato virus M), a phytovirus from the
Betaflexiviridae family. The characteristic
symptoms of the rust stain are red-brown spots
scattered on the upper and lower sides of the
leaves (Figure 1E). The disease is caused by a
virus.The symptoms of PLR are: a rolling of
the young leaves which lose flexibility, then
become hard and crunchy.The leaves become
discolored and turn pale green then yellow at
the tips (Figure 1F). The potato leaf curl virus
is PLRV (potato leaf roll virus), a virus of the
Luteoviridae family.

Bacterial wilt is a disease caused by a
bacteria called Pseudomonas solanacearum.
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Symptoms are drying of the whole plant
(Figure 1G). Fusarium rot is observed on tubers
from harvest. The affected tubers show
browning, rotting at the end of the tuber, which
eventually bursts on mechanical contact
(Figure 1H). The agent responsible for the
disease is a fungus of the genus Fusarium.

Common scab symptoms on the tubers
are surface patches, dark brown to black, and
more or less deep perforations or lesions that
sink into the inside of the tubers (Figure 11).
They are caused by bacteria belonging to the
genera Streptomyces.

Appearance of diseases according to the
phenological stages of potato

The appearance of diseases occurred at
both sites depending on the stages of
development of the plant. PLRV occurred only
on gemination stage in Gouria site. However,
virose M, alternaria and rust stain occurred
during the growth. Alternaria, virosis M and
rust stain all appeared in the vegetative growth
phase and progressed to flowering at both sites.
Although late blight appeared at both sites
during the vegetative growth phase, it evolved
until the tubers were harvested. Bacterial wilt
has been observed during the flowering phase
in Gouria. Tuber diseases such as Fusarium
wilt and common scab appeared at harvest
(Figure 2).

Diseases incidence

Analysis of the incidence of diseases
showed a highly significant difference (P =
0.009). Late blight had the highest incidence
19.75% in Gouria, while rust stain, virus M and
alternaria had low incidences, 6.1, 6.2 and
7.1% respectively. The incidences of these last
three diseases were higher in Mouvou
compared to Late blight. Bacterial wilt and
potato leaf roll were only present in Gouria
with very low incidences of around 2%.
Whatever the site and the disease, the incidence
remained below 25% (Figure 3).

Diseases Severity
Virosis M was more severe in Gouria
(28.27 + 5.1%) while in Mouvou it was late
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blight (22.49 £ 6.5%) and alternaria (22.16 *
4.0%) who were more severe.

On average, alternaria and late blight
were the most severe diseases, however this
severity remained low, less than 30% (Table 1).

Rainfall in the two sites

Rainfall varied from 0 mm (week 1 of
June) to 1620 mm (week 2 of September) at the
Mouvou site. the rainiest month was
september. The peaks were obtained in the 2"
week of September in Mouvou (1620 mm) and
Gouria (1800 mm). The rainfall was higher in
the Gouria site (716.5 mm of water) unlike the

Mouvou site which received 679 mm of water
(Figure 4).

Diameter, number of stems and yield (t/ha)
No significant difference was obtained
between the average tuber diameters at the two
sites (P> 0.05). The tubers had substantially
equal diameters, 3.24 + 0.61 and 3.34 £ 0.75
cm respectively in Mouvou and Gouria. The
yield was almost identical at the two sites (3.80
t/ha) at Gouria and (3.52 t/ha). The number of
stems (P = 0.001) varied from 2 + 1.38
(Mouvou) to18 + 0.75 (Gouria) (Table 2).
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Figure 1: Symptoms and conidia of potato diseases observed. Late blight (A et B): Alternaria (C);
Virosis M (D); rust stain (E); PLR (F); Bacterial wilt (G); Fusarium rot (H); Common scab (I);
Sporangia of Phytophthora infestans (J); Conidia of Alternaria solani (K) and A. alternata (L).
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Figure 2: Appearance of diseases according to the phenological stage.
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Figure 3: Average diseases incidence in the two sites.
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Table 1: Severity of diseases in the two sites.

Sites Diseases Average severity (%) Probability
Late blight 14.89 + 2.0°
Alternaria 10.82 + 1.62
Mouvou Virosis M 28.27 £5.1¢
irosis 27 +5. P =0030
Rust stain 9.83+0.72
. Late blight 2249 +6.5°
Gouria
Alternaria 22.16+ 4.0
Virosis M 8.33+1.18 P =0.023
Rust stain 21.11+ 3.5P
PLR 8+1.0%

The values followed by the same letter in the same site are not significantly different at the 5% threshold according to Duncan's

test.
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Figure 4: Evolution of rainfall in the two sites.

Table 2: average diameters, number of stem and yield of potato in the two sites.

Average diameter of tubers (cm) Number of stems Yield (t/ha)

Mouvou Gouria Mouvou Gouria Mouvou Gouria

3.24+0.61° 3.34£0.75° 2+1.38 18 £0.75° 3.52 3.80
P=0.34 P =0.001 P=0.39

The values followed by the same letter, for each parameter, are not significantly different at the 5% threshold according to

Duncan's test.
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DISCUSSION

The purpose of this work was to identify
diseases and yield in potatoes production area
in the Far North, Cameroon.

Potato production is confronted with
diseases and pests including fungal (late blight,
alternaria and fusarium), viral (Virosis M, Rust
stain and PLR), bacterial (Bacterial wilt and
common scab) diseases. These diseases appear
from germination, and mainly during the
vegetative growth, flowering, fruiting and
harvesting phases. These results corroborate
those of Andrivon et al. (2003), Delleman et al.
(2005), who showed that the vegetative
multiplication method by tuber promotes a
great propagation of pathogens compared to
multiplication by seed. The tubers harbor
several pathogens. Furthermore, Anginyah et
al. (2001), Olanya et al. (2001) and Ganie et al.
(2013) have shown that, late blight and
alternaria are the most important diseases in
Kenya and in all of sub-Saharan Africa, and in
Germany.

Many viral diseases such as virosis M
(PVM) and rust spot have been observed
during the vegetative growth phase. This can
be explained by the fact that the presence of the
young leaves, the flowers and the characteristic
odors, attract many insects (very numerous in
the semi-Sahelian zone) which are agents
vector of the viral diseases. Issa et al. (2017)
and Stuart et al. (2008) had also shown that the
flowers of many plants attract pollinating
insects which are considered to be vectors of
viral diseases.

The incidence of disease observed at
both sites was low (<30%). This result is in
contrary with that obtained by Lontsi et al.
(2019) who obtained incidences on the order of
80% for late blight in Cameroon, but in the
agro-ecological zone with bimodal rainfall. In
addition, Lehtonen et al. (2004) obtained very
high incidences of around 60% for common
scab.

The almost homogeneous distribution
of fungal and viral diseases in the two sites
could be explained by the fact that the two sites
are located in the same agro-ecological zone
(Sudano-Sahelian zone). However, higher
rainfall in Gouria may explain the higher
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incidence and severity of late blight and
alternaria at both sites. Indeed, rainfall is very
important in the spread of fungal diseases.

The plants received NPK as fertilizer.
The absorption of nutrients by the roots of the
plant is generally accompanied by direct
penetration of pathogens into the plant, which
may justify the presence and severity of the
diseases at the sites. Lepoivre (2003) and
Spooner (2005) have shown that mineral
nutrition can affect plants by acting on the host
or the parasite.

The yield was roughly the same at both
sites. The diseases seem to have had an impact
on incidences, severities and yield. In addition,
the vyield also depends on the fertilizer
provided. Benbrahim and Sayed (2005), Jama
et al. (2010) have also shown that, depending
on the quantity of nutrients provided, the
organic matter in the soil remains the important
factor for maintaining its fertility and increased
yields.

Finally, the diversity of pathogens
recorded on potato in Far North is noteworthy.
This may offer a potential for the development
of sustainable control strategies against the
economically important potato diseases.

Conclusion
This study revealed that potato are
susceptible to  diseases (late  blight,

Alternariaand Fusarium wilt, Virosis M, Rust
stain, PLR, Bacterial wilt and Common scab)
occurring on various plant organs. Among
these disease, late blight and Alternaria (early
blight) seem to be more important with higher
incidence (18.89% and 14.73%) and severity
(22.49% and 22.16% respectivily). The yield
remains much lower (3.80 tonnes per hectare).
The study of the impact of these diseases on
yield should be undertaken.
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