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ABSTRACT

Leaf blight and corm rot of taro (Colocasia esculenta (L.) Schott) caused by Phytophthora
colocasiae Raciborski is the most disparaging disease of taro inducing severe losses in yield and
guality of taro corms. Investigations were carried out in Umudike in 2016 and 2017 to determine the
pathotypes present in that locality with a view to screening them on available taro genotypes for
resistant cultivars. Symptomatic taro plant samples were collected from Taro Project Farm of the
National Root Crops Research Institute, Umudike. Leaf tissue sections were excised from the
periphery of lesions on symptomatic leaf, surface sterilized in 10% Sodium Hypochlorite solution for
2 minutes, rinsed in three changes of sterile distilled water and plated on Water Agar (WA). Mycelia
emerging from diseased tissues after incubation were aseptically transferred to Corn Meal Agar
(CMA). A total of 15 fungal isolates under 6 groups of species were obtained and these isolates
were transferred to Carrot Agar (CA) from time to time until pure cultures were obtained. Based on
varied cultural patterns, morphological characteristics and microscopic examination, the isolates
were identified as Phytophthora sp, Fusarium sp FSSC, Fusarium solani, F. oxysporum and F.
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equiseti. Pathogenicity test confirmed that only Phytophthora sp induced leaf blight on detached leaf
of taro plant. Molecular characterization of the isolates via Internal Transcribed Spacer (ITS)
sequence analyses confirmed that the already implicated Phytophthora species was Phytophthora
sansomeana. This is apparently the first report of P. sansomeana as a taro leaf blight pathogen in

addition to the already known P. colocasisae.

Keywords: Colocasia esculenta; phytophthora sansomeana; leaf blight; pathogenicity; molecular

identity.
1. INTRODUCTION

Taro (Colocasia esculenta), commonly referred
to as cocoyam is an herbaceous perennial plant.
It is an invaluable dietary crop whose starchy
underground corms, highly nutritive leaves,
petioles and flowers constitute important food in
Nigeria and other developing countries of the
world. Several studies have established the high
nutritional quality of taro in terms of its
digestibility, crude protein contents, essential
minerals and vitamins [1-4]. There has been
increasing interest in the use of taro as a
specialty food in the management of gluten
allergy in infants, celiac alimentary disorders and
diabetes. It is used by convalescing adults due to
its exceptionally small starch granule size, 1-4u
[5]. Taro has a high economic potential [6], not
only as food but also as an agro-industrial raw
material for brewery [7], confectionery [8],
pharmaceutical [9,10] and livestock industries
[11].

Phytophthora colocasiae Raciborski, the causal
agent of taro leaf blight (TLB) is acclaimed
globally, the most disparaging pathogen of taro
plant. TLB and post-harvest rot of corms incited
by this pathogen are the most destructive
diseases of taro and the major factors limiting its
production and storage worldwide [12-15].
Phytophthora, an age long formidable genus
attacking a wide range of plants, is a
cosmopolitan obligate plant pathogen of the
Class Oomycetes [16-18]. The swift development
of infections has had deleterious consequences
both for peasant and commercial production of
taro and these ranges from mild, heavy to total
loss of taro crops in the field [19], postharvest
deterioration of corms [14,20], resulting to
nutrient depletions in the infected corm [1]
scarcity and exorbitant prices of corms, among
others. Symptoms of infection are seen in the
form of small water-soaked, dark brown, and
round to irregular necrotic lesions on the adaxial
leaf lamina [21], which rapidly become enlarged
to 2.5-5.0 cm within few days. Additional
infections occur even on the petiole as the
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disease progresses and adjacent lesions
coalesce to cover extensive leaf area, quickly
destroying it within 7-14 days. Yield losses of up
to 50 % [22,23] in severe cases have been
reported and more than 70% in extreme severe
cases [24].

The outbreak in 2009 of TLB in Nigeria
decimated taro production and has continued to
cause scarcity, exorbitant prices, hunger and
lack of planting materials and there is not yet a
sustainable bio-friendly control measure. These
have led to scores of scientific investigations in
order to come up with measures that can abate
this disease and boost taro production [25, 23,
24, 26,27,28, 29]. Such investigations like
isolation, identification and pathogenicity of the
causal pathogen have been done in different
areas where taro is grown. Yet there is the need
to identify the strains that are prevalent in
specific agro-ecological zones in order to select
from the available taro genetic resources
cultivars that are resistant to the strains which
could be subjected to massive production. A
comprehensive knowledge of the various
forms/pathotypes of this organism is paramount
to determining the level of damage each strain
can cause, the predominance of each strain in a
particular location and the best control
approaches to be adopted. Phytophthora
colocasiae associated with leaf blight of taro has
been shown to vary in pathogenicity [30]. Our
observation of different degrees of blights on
infected taro leaves in the experimental plots led
to the hypothesis that there may be different
forms. Based on this observation, isolation,
identification and pathogenicity of the isolates
associated with taro leaf blight in the study site
was carried out.

2. MATERIALS AND METHODS
2.1 Preparation of Culture Media
Dehydrated Corn-Meal Agar (2.1g) Water Agar

(2.0g) was separately dissolved in 100ml of
distilled water. The mixture was homogenized on




a hot plate at 50°C for 4 minutes, and then
sterilized by autoclaving for 15 minutes at 121°C
and 103 KN M?. The autoclaved medium was
allowed to cool to 40°C and later amended with
Ampicillin 250 mgl™ and Nystatin 10 mgl™ to
exclude bacteria contaminants according to
Misra et al. [30]. The medium was poured into 90
mm Petri dishes and allowed to solidify.

2.2 Isolation and Identification of Fungal
Pathogen

Aseptic procedures were followed in the
sterilization of materials during the experiment.
Isolation technique of Ugwuja and Chiejina [12]
was adopted. Infected taro leaf samples were
collected from infected plants (Plate 1) in the
Research Farm of National Root Crop Research
Institute Umudike (NRCRI) and transported to
Phytopathology Laboratory of NRCRI for assay.
By means of sterile scalpel, thin leaf tissue
fragments (5 x 5 mm) were excised from the
periphery of lesions, surface sterilized in 10%
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potassium hypochlorite for 2 minutes, rinsed in
three changes of sterile distilled water and plated
in Water Agar (WA) plates. Following incubation
in Petri dishes at 25+2 °C) for 3 days, mycelia
emerging from each tissue fragments were
aseptically transferred to Corn-Meal Agar (CMA)
amended with Ampicillin 250 mgl™ ;PCNB 10
mgl'1 and Nystatin 10 mgl'l. Three transfers of
colony growth were aseptically done from CMA
cultures to clean CMA plates until pure cultures
were obtained. Identification of isolates was
based on observed culture growth patterns,
mycelia colour and microscopic examinations of
vegetative and reproductive structures [18,31].
Isolates were preserved in screw capped
McCartney agar bottle slants for subsequent use.
Identification of these isolates was based on
macroscopic examination of cultural
characteristics of colonies in PDA plates,
microscopic examination of their fruiting bodies
and comparison with those in mycological
manual [31] and molecular characterization.

Plate 1. Field view of leaf blight infected taro plants at different stages of infection. (A): leaves
with light brown circular lesions at primary infection stage (B): leaf with large necrotic areas at
advanced infection stage and (C): totally damaged leaf with remant of petiole. Source:
National Root Crops Research Institute Farm, Umudike

22



2.3 Pathogenicity Test

Pathogenicity test for all the isolates was carried
out on detached leaves of taro using a modified
technique of Brooks [32]. To confirm if the
isolates obtained from the diseased taro leaf
tissues were responsible for the blight symptoms,
previously isolated cultures maintained in
McCartney agar slants were used. Fresh
subcultures were made on CMA and used on the
seventh day. Inoculation was done on detached
healthy leaves of a highly susceptible variety
NCe001. Each detached leaf was washed under
a running tap, rinsed in two changes of sterile
distilled water and placed in a sterile plastic tray
lined with moist sterile cotton wool. Agar discs (2
mm diameter) cut from cultures of a given isolate
were each introduced unto the sterile leaf surface
at 3 different position using a sterile cork-borer
and moistened with a drop of sterile water. Due
to the slippery nature of the cocoyam leaf surface
the discs were held in place with a masking tape.
The set-up was placed in an incubator
maintained at 252 °C for three days after which
the inoculated leaves were checked for
development of leaf blight symptoms. Re-
isolation of the pathogen from inoculated leaves
that developed symptoms was carried out to
confirm that they were the original organisms
which produced the symptom on the diseased
leaves. Sterile agar discs were inoculated unto
controls.

2.4 Extraction of DNA

DNA Extraction was completed utilizing a ZR
DNA mini prep extraction pack and convention
provided by Ingaba Biotechnological, Pretoria,
South Africa. By means of a sterilized spatula,
thick growth (200 mg) of uncontaminated culture
of each isolate was scratched off and moved to
basing dab lysis tube. Lysis liquid (750 ul) was
added to the cylinder and the cylinder was held
in particle mixer (homogenizer) fitted with a 2 mi
tube holder assembly and processed at most
highest speed for 5 minutes. The ZR slamming
dab lysis tube was centrifuged at 10,000 x g for 1
minute. Four hundred (400) micro litre of
suprnatant was moved to a Zymo-Spin IV turn
Filter (orange top) in an assortment tube and
centrufuged at 7000 x g (Relative Centrifugal
Force) for one minute.

DNA selective absorber referred to as buffer
(1200 ul) was added to the filtrate in the
collection tubes bringing the final volume to 1600
ul and 800 ul was then moved to a Zymo-Spin
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IC segment in the collection tube and
centrifuged at 10,000 x g for 1 minute. The filtrate
was disposed of from the assortment tube and
the rest of the volume was moved to the
equivalent Zymo-spin and spun. Two hundred
micro liters’ (200 ul) DNA Pre-Wash buffer was
added to the Zymo-turn IIC in another
assortment tube and spun at 10,000 x g for one
minute followed by the addition of 500 pl of
fungal/bacterial DNA  Wash Buffer and
centrifugation at 10,000xg for oneminute. This
step was rehashed for the rest of the volume in
the assortment tube. The Zymo-spin IIC column
was moved to a clean 1.5 pul centrifuge and 100
pul of DNA elution buffer was added to the
segment framework and centrifuged at 10,000 x
g for 30 seconds to elute the DNA. The ultra-

unadulterated DNA was then kept in the
refrigerator at — 20° C degree for other
downstream assays.

2.5 Internal Transcribed Spacer (ITS)

Amplification

The Internal Transcribed Spacer (ITS) region of
the isolate Ribosomal DNA (rDNA) genes was
amplified using 1TS4:5'-5-TCCCTCCGCTTA
TTGATGC-3'-3' and ITS6:5'GAGGTGAA GTCGT
AACAG G-3'Primers on an ABI 9700 Applied
Bio-Systems Thermal Cycler at a final volume of
30 micro liters for thirty-five cycles. The PCR mix
included: Ingaba's X2 Dream Taq Master Mix,
Tag polymerase, DNTPs, Mgcl, 04 M
concentration primers, and the extracted DNA
sample. The PCR conditions were as follows:
basic denaturation, 95°C for 5 minutes;
denaturation, 95 °C for 30 seconds; annealing,
53 °C for 30 seconds; extension, 72 °C for 30
seconds and thirty-five cycles, and final
extension, 72 °C for 5 minutes.The product was
resolved on a 1% Agarose gel at 120V for 15

minutes and visualized on a blue light
transilluminator [30].

2.6 Sequencing

Sequencing was performed by Ingaba

Biotechnological, Pretoria, South Africa, using
the Big Dye Terminator kit on a 3510 ABI
sequencer. The sequencing was conducted at a
final volume of 10 ul, and the components
included 0.25 ul Big Dye ® terminator v1.1/v3.1,
2.25 ul 5x Big Dye sequencing buffer, 10 uM
Primer PCR primer, and 2-10 ng PCR template
per 100bp. The conditions for sequencing were
the following: 32 cycles of 96 °C for 10 seconds,
55 °C for 5 seconds and 60 °C for 4 min.



2.7 Phylogenetic Analysis

Using the bioinformatics algorithm, the
sequences obtained were modified. Trace editing
for similar sequences was downloaded using

BLASTN from the Pretoria, South Africa
database of the National Center for
Biotechnology  Information  (NCBI).  Such

sequences were linked using Cluster X. In MEGA
6.0 (Saitou and Nei, 1987) the evolutionary
history was inferred using the Neighbor-Joining
process. The evolutionary distances were
computed using the Jukes-Cantor method (Jukes
and Cantor, 1969).

3. RESULTS
3.1 Isolates

A total of fifteen isolates (01-015) were identified
from the diseased taro leaves (Table 1). These
include 1 Phytophthora sansomeana E.M.
Hansen and Reeser of strain JHN243,3
Fusarium solani of strain HHNCJO1, 4 Fusarium
solani of strain DE25, 1 Fusarium solani of strain
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MF996559, 1 Fusarium oxysporiumf,
cucumerinum wpll30-1, 2 Fusarium equiseti of
strain Indo 186, 1 Fusarium equiseti of strain
176, and 2 unknown Fusaruim species
designated as Km979504 and Ku950734.

3.2 Pathogenicity

Among the 15 identified isolates, only P.
sansomeana (isolate 02) developed typical
symptoms of taro leaf blight on detached taro
leaves 4 days after inoculation. Water soaked
dark-brown circular lesions were observed on the
adaxial surfaces of the inoculated leaves after 4
days. Clear orange-yellow liquids oozed from the
surface of the lesions and later dried into pallets.
Whitish haze of spores surrounded the lesion at
the periphery and advanced into the green
portions of the leaves as shown in Plates 2a and
2b. Re-isolation from the inoculated detached
leaves also gave rise to the same isolate that
produced typical symptoms, which closely
resembled those arising from natural infections
on the leaves of cocoyam varieties. The other
isolates showed no effect on the cocoyam
leaves.

Table 1. Isolates with their related strains and frequency of occurrence

SIN Isolates Related strain Freqguency
1 Phytophthora sansomeana JHN243 1
2 Fusarium solani HHNC101 3
3 Fusarium solani DE25 4
4 Fusarium solani MF996559 1
5 Fusarium oxysporum WPII30-1 1
6 Fusarium equiseti Indo 186 2
7 Fusarium equiseti 173 1
8 Fusarium sp. KM979504 1

Plate 2. Photograph of inoculated detached leaves of taro with various symptoms of taro leaf

blight 4 days after inoculation (Dai) including A: Dark brown necrotic lesion, B: Whitish band

of mycelium, C: Yellowing zone of leaf and D: fallout of leaf tissue known as halo four days
after inoculation
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Plate 3. Photo plate of inoculated detached

taro leaf with whitish haze of spores (E)
surrounding lesions

3.3 Description of Fungal Isolates

Plate 4. Photograph of inoculated detached
taro leaves without symptoms of TLB 5 Dai

Table 2. Macroscopic and microscopic characteristics of the fungal isolates

Fungi

Macro features

Micro features

Phytophthora
Sansomeana

Colonies growth on Carrot Agar
plates had no definite pattern. Young
mycelia were fluffy; white at the top
and creamy at the reverse side of
the plate.

Sporangia were ovoid to ellipsoidal
sporangia borne on irregularly branched
sporangiophores with hyphal swellings
at branch points. Sporangia were semi-
papillate and deciduous with very short
pedicel. Both hyphae and
sporangiophores were non-septate

Fusarium sp. FSSC

Colonies grew fast on media and
produced white cottony mycelium
which appeared slightly gray at the
back of Petri dish.

slender conidiophores bearing clusters
of short slender micro conidia and thick
macro conidia

Fusarium equiseti

Colonies grew rapidly on Carrot
Agar with white fluffy mycelium
which measured 5-7 mm within 5
days. Concentric growth pattern with
definite band of mycelia were
features observed on the plates

Highly coiled intertwined mycelia with
sparsely distributed macro and micro
conidia were seen

Fusarium White cottony mycelia were seen on Conidiophores were short, single, lateral
oxysporum Agar plates, became purple with and later arranged in densely branched
orange sporodochia and dark purple clusters. Macroconidia were fusiform,
base. Colony grew rapidly, covering slightly curved, pointed at the tips,
entire plate within 5 days. mostly with three septa and scattered.
Microconidia were abundant, mostly
non-septate or mono-septate and
ellipsoidal to cylindrical, straight or
curved
Fusarium sp Colonies were white and fluffy, Macroconidia were 3-5  septate,

became whitish brown at the older
part and creamy at the base. The
growth was rapid reaching a
diameter of 5cm within 4 days.

cylindrical, moderately curved with blunt
end cells, arranged in clusters and
formed after 7 days from short multi
branched conidiophores. Microconidia
were short, cylindrical to oval, one to two
celled and also arranged in clusters

Fusarium solani

Colonies grew rapidly reaching 4-5
cm in 4 days. Aerial mycelia were
white to creamy becoming yellowish
brown when sporodochia were
present

Macroconidia were fusiform with 3-5
septa, cylindrical, often moderately
curved and formed after 4-7 days on
short multi-branched  conidiophores.
These conidia often had short blunt
apical cell. Microconidia wereabundant,
cylindrical to oval, 1-2 cell.
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Plate 5. Morphology and photomicrograph of fungal isolates (a-f X40). a. Phytophthora
sansomeana, b. Fusarium sp. c. Fusarium equisetti ,d. Fusarium oxysporum, e. Fusarium sp. f.
Fusarium solani

123 4567 M3891011 12 1314 15

——— |TSgene bands
550bp

500bp

Plate 6. Agarose gel electrophoresis of the amplified ITS gene (550 bp) of the isolates. M
represents the 100 bp molecular ladder

3.4 Internal Transcribed Spacer
Sequence

(ITS)

The Internal Transcribed Spacer (ITS) sequence
obtained from the isolates produced an exact
match during the megablast search for highly
similar sequences from the NCBI non-redundant
nucleotide (nr/nt) database. The ITS sequence
analysis of the isolate 02 showed 100 %
similarity to Phytophthora sansomeana. The
result obtained showed revealed a total of 15
clusters amongst the isolates with varying
percentage similarities. The  evolutionary
distances computed using the Jukes-Cantor
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method were in agreement with the phylogenetic
placement of the ITS of the isolate 02 within the
Phytophthora sp. and revealed a closely
relatedness to Phytophtmeana strain JNH243
and then other Phytophthora sp. respectively
(Fig. 1). The dendrogram revealed a close
relatedness between 07, 08, 09, 010, 011, 13, 14
and 015 (Fusarium solani) at 99.4 % similarity.
These isolates showed close relatedness to
Fusarium HHNCJO01 and DE25 strains. Isolate 03
and 04 (Fusarium equisetum) had 99.2 %
similarity and showed relatedness whereas
isolate 012 (Fusarium equisetum) showed more
relatedness to isolate 03 and 04 respectively.
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— ABT34782 Phytophthora sojae

KT581397 Phytotophthora sansomeana strain JHN243
02 Phytophthora sansomeana

08 Fusarium solani

O11Fusarium solani

0l4Fusarium solani

KT184397 Fusarium solani strain HHNCJ01
015 Fusarium solani

KF918567 Fusarium solani strain DE25
07Fusarium solani

09 Fusarium solani

010 Fusarium solani

013 Fusarium solani
MF996559 Fusarium solani isolate F3

MH863652 Fusarium pseudensiforme strain CBS 125729
MK247798 Fusarium sp. isolate G905

05 Fusarium sp.

MK226291Fusarium proliferatum strain TF1

MK163441 Fusarium oxysporum f. cucumerinum strain WPII30-1
Mk211243 Fusarium pseudocircinatum isolate SF 4

15479412 Fusarium equiseti strain Indo167

15479413 Fusarium equiseti strain Indo173

LS479414 Fusarium equiseti strain Indo186

03 Fusarium equiseti

— (4 Fsarium equiseti

|F740892 Fusarium sp. NRRL 25112
KF918565 Fusarium solani strain DE21

15479420 Fusarium equiseti strain Indo176
012 Fusarium equiseti

KkM979504 Fusarium sp. 3C4

06 Fusarium sp.

K|458971 Fusarium sp. 0110M

Ku950734 Fusarium sp. FSSC isolate F90

01 Fusarium sp. FSS5C

Fig. 1. Phylogenetic tree of the evolutionary distance between the isolates

Table 3. Isolates and their accession numbers

S/IN Isolates Accession Number
1 02 - Phytophthora sansomeana MN453372
2 01 - Fusarium - sp. FSSC MN473246
3 03 - Fusarium equiseti MN473249
4 05- Fusarium oxysporum MN473248
5 06 - Fusarium sp. MN473247

4. DISCUSSION

The results from this study demonstrated that
rapidly developing molecular techniques such as
the Polymerase Chain Reaction (PCR) and
Internal Transcribed Sequence (ITS) analyses
have revolutionized identification and
classification of organisms [33], McCartney et al.
Application of such techniques for identification
of fungi is important for rapid and accurate
identification. In the current study, a different
pathogen, Phytophthora sansomeana E.M
Hansen & Reeser instead of the usual P.
colocasiae was isolated and established as a
causal pathogen of taro leaf blight through its
pathogenicity and ITS sequence analyses. This
suggests that a spontaneous mutant of P.
colocasiae might have evolved given its similarity
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in morphology, growth characteristics with the
later and its ability to induce similar blight
symptoms on taro leaf tissue. The above
example suggests that there may be several
mistakes regarding the identification of
pathogenic agents based only on morphological
observation [33]. From available records, P.
sansomeana does not seem to show host
specificity having been found causing blight, wilt
and rot in different host plants including soybean,
pea, corn, white clover and white carrot [34, 35,
36, 37, 38]. Infections from this pathogen is
therefore expedient, given the presence of the
pathogen, a susceptible host and optimum
environmental conditions.

The result of the present study disagrees with
earlier reports [30, 12], which associated only P.



colocasiae to TLB. Adomako et al. isolated and
identified 80 isolates of P. colocasiae from
diseased taro leaves in Ghana based on
morphology and sequence homology. Padmaja
et al. also obtained 4 isolates of P. colocasiae
based on morphology and sequence homology
as well as Misra et al [30] who obtained 14
isolates. Brooks [30,32] Lin et al. [39] and Misra
et al. [23] isolated and confirmed P. colocasiae
as the causal pathogen of TLB from
different regions where leaf blight of taro have
occurred.

Phytophthora sansomeanais a new species of
Phytophthora segregated from Phytophthora
megasperma [37]. It was first characterized
based on isolates from Douglas-fir seedlings,
white clover, and white carrot in nurseries in
Oregon New York, United States. It was
implicated the first time as causal pathogen of
soybean root rot in China [38], wilting and
stunting of corn in Ohio [36] and root rot of field
pea in Canada. From the above reports it is
therefore evident that P. sansomeana does not
exhibit host specificity and is capable of infecting
a wide range of crops given the required
environmental conditions. The disparity in results
obtained by earlier workers who studied taro leaf
blight disease and the present results suggests
that a new pathogen that can cause leaf blight in
taro has evolved and this is a new and
remarkable discovery in the field of plant
pathology.

The inability of the other isolates obtained from
the diseased leaf tissues to cause infection
suggests that they are mere opportunistic
organisms that took advantage of the nutrient
sink in the depleted tissues for their own growth
and metabolism [40]. Other roles played by these
opportunistic organisms in the disease process
are yet to be determined [42-43].

5. CONCLUSION

The present research has established that a new
pathogen Phytophthora sansomeana caused
taro leaf blight disease in South Eastern Nigeria.
The results were obtained by the combination of
the conventional and molecular biotechniques
methods of pathogen identification. Hence the
need to complement the conventional method
with  molecular  techniques cannot be
overemphasized.
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