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Table 4.1 severity of disease symptoms for all plants in all 10 accessions

Accessions Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
ADENTA 2.33+0.71°°  4.21+0.23® 458+0.44* 3.38+0.23™° 2.39+0.35% 1.57+a0.17% 1.73#0.45° 1.48+0.57%
AKYEM 2.07+0.49°9 3.23+0.78" 4.49+0.45% 3.29+0.35%¢ 2.29+0.25% 1.42+0.16° 1.40+15%  1.32+0.24%
TAFO

ATIMPOKU  1.53+0.70 2.42+1.20° 4.69+0.45° 2.78+0.50°  2.21+0.44* 153+0.40° 1.11+0.54* 0.70+0.26°
FAWADE 1.98+0.64%  4.41+1.02%  4.58+0.40° 3.19+0.71%° 258+0.48° 1.53+0.06* 1.49+0.17% 1.48+0.09%
GYENYASI  2.43+0.10™ 4.1240.33%® 451+0.79% 3.23+0.46%° 2.32+0.13%° 1.56+0.35* 1.48+0.18% 1.69+0.27°
HAATSO 3.39+0.16%  4.00+0.06® 4.77+0.35° 3.45+0.18%°  2.5440.32% 1.70+0.27° 1.41+0.43% 1.48+0.09%
KASOA 2.70£0.20° 3.72+0.35% 4.63+0.47% 3.18+0.47%° 2.69+0.10*° 1.76+0.04*° 1.13+0.98° 1.01+0.92"
KOFORIDUA 2.16+0.39° 3.94+0.41® 4.52+0.17° 3.14+0.09®  2.50+0.28% 1.73#0.021® 1.57+017% 1.31+0.17%
KUMASI 2.75+0.52°  4.09+0.60%* 4.36+0.18% 3.61+0.09°  2.37+0.04% 1.62+0.20° 1.61+0.32% 1.42+0.20%
TAFO

WEIJA 2.8140.22° 4.44+0.64a 4.1240.33% 2.97+0.15°  2.56+0.24* 1.59+0.18* 1.37+0.32° 1.31+0.12%
Mean 2424052  3.86+0.62  4.52+0.18  3.22+#0.24  2.45+0.15  1.60+0.10  1.43+0.20  1.32+0.28
severity

Each value shows mean of three replicates, and values following the same superscript(s) are not significantly different at (p>0.05)

according to fishers pairwise comparison.
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Figure 4.7 Disease severity showing the level increase from week 1 to the fourth week and
decrease from week 3 to week 8.

At week 3, the accessions recorded their highest mean symptoms severity. HT was the accession
with the highest severity with 4.77 whiles WJ recorded the lowest mean of SS with 4.12. The mean
severity of the all accessions at week 1 was 2.42 and increased to 4.52 at the fourth week. However,
at week 1 HT recorded the highest severity (3.39) whilst AP had the lowest (1.53). The eighth
week recorded the least mean SS (1.32) for all accessions. HT and AD scored 1.47 as the accession
with highest mark. Nonetheless, AP recoded 0.7 SS which is the lowest mark in the eighth week
(Table 4.1). This present finding of lower disease severity at initial stages of growth and increased
severity with age could be related to increased inoculum and plant age. The result corroborated the
report by Hiraida (2016). According to the author, Taro uses non-specific ways to eradicate

pathogens during the early stages of TLB infection by elevating antifungal levels, which protects
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cells from oxidation and facilitates recovery during inflammation. Adhiambo et al. (2019). also
reported a parallel effect that plants with a high vulnerability to fungal infections are particularly
susceptible after flowering. Therefore, decreased severity at the eighth week suggested a decreased
susceptibility to taro leaf blight by the accessions. Similar findings by Brook (2008) indicated that
as plants get older, the diameter of TLB lesions declines. The varied levels of disease severity
among the taro accessions showed that there were different levels of inherent properties to reduce
the impact of the disease Thus, various taro accessions showed varying degrees of disease

resistance.

In general, accession KS recovered moderately and resisted the TLB disease. KS had the lowest
disease incidence in the seventh and eighth week. The disease incidence for accession KS dropped
from 100 % at week five to 60 % at week eight. Furthermore, the disease severity of the same
accession decreased from 4.63 at week three to 1.01 at week eight. This could be attributed to
genetic make-up of the accession KS that makes it tolerant to TLB described by Nath et al. (2013)
and Miyasaka et al. (2012). Furthermore, Omege et al. (2016) ascribed the differences in disease

severity among taro plants to genetic factors.

4.4.3 Corm yield

Most of corms after harvesting exhibited some dark appearance representing corm rot. Individual
corms from the field displayed varying degree of corm rot; the corms of individual taro showed
25, 50 and 100 % rots (Figure 4.6). Nelson et al., (2011) came to a same conclusion that for
incredibly fragile taro cultivars, taro leaf blight reduced taro corm output by 50% or more. The

corm after harvesting was seen to decay very fast and turned dark within one week. The finding
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was supported by Jackson and Gollifer, (1975) that Corm rots occur quickly after harvest, and
entire corms can deteriorate in as little as 7-10 days. The decayed corm tissue can be invaded by

Lasiodiplodia theobromae and turn black in advanced stages of corm rot.

Figure 4.8 Showing TLB development in corm;(A) Clean taro corm free from disease; (B)
approximately 25 % portion of corm rot; (C) 50 % corm rot; (D) 100 % corm rot and (D) corm

turning black after some days of harvest.

The data on the yield shows that, GY produced the highest yield with 71.47 kg/ha, AP recorded
the second highest yield with 61.50 kg/ha while KT recorded the least yield with 41kg/ha. The rest
of the accession AD, AT, FW, HT, KS, KF and WJ recorded 55.20, 58.20, 56.6, 51.73, 56.10,
57.70 and 56.90 kg/ha respectively (Figure 4.8). The experiment was affected by long period of
drought and could be a great contributory element for smaller yield. In addition, many corms got
rotten, presumably due to increased soil temperature as a result of the drought. Mishra and Singual,
(1992) observed that extremely higher temperature restricts most of the biological activities as well
as increasing the potentials of roots damage (root rot). All the accessions had a reduction in yield
indicating that they were seriously infected by the TLB disease (Figure 4.8) which reduced the
number and area of functional leaves where photosynthesis will take place. Jackson (1999)

reported that taro leaf blight significantly reduced the amount of functioning leaves, resulting in a
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global yield reduction of around 50 %. Similar result was reported by Nelson et al., (2011) that
TLB can reduce taro corm yield by 50 % and up to 95 % leaf yield or more for highly susceptible
taro cultivars in Hawaii. Genotypic differences among the accessions could possibly be one of the
contributing elements for the differences of corm yield due to variations in the utilization of
resources. Thus, one accession could better utilize resources available to it than the other. Goenaga
and Chardon, (1995) established that in many components of taro plant, there are varietal
differences in nutrient uptake and dry matter accumulation.
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Figure 4.9 Corm yield of ten taro accessions after harvesting.

Generally, the yield of all the accessions is lower as compared to the yield of the control taro crop
which was not affected by TLB disease. The mean yield of the affected accessions was 56.64kg/ha
whiles the mean yield of the control taro crops ware 198.67kg/ha. The yield of the accession is
almost equal to one quarter to the yield of the control showing a significant reduction in corm yield

due to infection by TLB disease (Figure 4.8).
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Figure 4.9.1 Mean corm yield of healthy taro compared to the average yield of all TLB-affected

taro plants.

The drastic yield loss of the taro accessions from the field showed the effect of the TLB disease
on the field. The significant loss in the corm yield confirmed that historically, TLB disease is the
most important and damaging taro disease on the globe, and it is responsible for significant taro
crop losses around the world. With reference MINADER/DESA (2010), who reported that TLB
caused 100 % yield losses in many production fields and an average of 80 % national production
was lost to the disease epidemic in 2010. At least, 413,051 tonnes of taro tubers were lost,
estimated at 70 billion FCFA in Cameroon. The study also confirmed that Trujillo et al., (1997),
who described the devastating magnitude of the taro leaf blight epidemic in American Samoa in
1993-1994, was correct. Elsewhere, Taro production plummeted from 357,000 kg (786,000 Ib) per
year prior to the pandemic to fewer than 5,000 kg (11,000 Ib) by the end of 1995. (Brooks, 2008).
Similarly, Western Samoa (now Samoa) exported taro worth US$3.5 million in 1993, accounting

for 58 % of the country's agricultural exports. Taro exports were worth less than $60,000 in 1994.
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(Nelson et al., 2011). The TLB disease has overwhelming impact in human society and food safety
and according to Fisher et al. (2012), preventing the spread of fungal infections in the world's five

most significant crops could feed more than 600 million people per year.
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CHAPTER FIVE

MOLECULAR DETECTION, SEQUENCING AND PHYLOGENETIC ANALYSIS OF

GHANAIAN ISOLATES OF THE PHYTHOPHTHORA COLOCASIAE.

5.0 INTRODUCTION

Taro (Colocasia esculenta (L.) Schott) is a highly diversify crop from the Araceae family, Taro is
farmed within a wide range of settings throughout the tropics and subtropics. In terms of
consumption, the plant is the second most staple root crop after sweet potato (Singh et al., 2006)
and it is the fourth root crop base on weight production after sweet potato, yam, and cassava
(Bourke and Vlassak 2004). Taro is gradually being replaced by more productive root crops such
as cassava (Manihot esculenta Crantz) and sweet potato (Ipomoea batatas (L.) Lam.). As a result,
most of the genetic diversity of taro is being eroded (Caillon et al., 2006). Taro is grown as a staple
crop up to an altitude of 2,200 m (Bourke et al., 1998). Taro may have evolved in the Indo-Malayan
region, either between Eastern India and Bangladesh (Purseglove, 1988; Plucknett, 1983) or even
in Southern China (Cable, 1984). The origins of wild taros and their domesticated counterparts, as
well as their dissemination routes, are still debated (Yen, 1995; Matthews and Terauchi, 1994).
Taro displays a wide array of agro-morphological diversification. Clonally stable traits are utilized
as markers for varietal recognition and genetic heterogeneity evaluation. IBPGR (1980)
established the first taro descriptor list, which was used in earlier attempts to characterize the
germplasm (Akus et al. 1989; Levett et al. 1985) but currently an edited version (IPGRI, 1999)

created by IPGRI in conjunction with TaroGen is being used. In addition, the TANSAO network
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generated a descriptor list based on significant agro-morphological characteristics that can be used
to choose national core samples for a regional core collection in all of the partner nations

(TANSAO, 1998).

Taro production in the world is projected to be 11.8 million tonnes per year (Vishnu et al., 2012).
It is grown on roughly 2 million hectares worldwide, with an average yield of 6 tonnes per hectare
(Singh et al., 2012). The majority of global output comes from emerging countries with small-
scale production systems and few foreign resource inputs (Singh et al., 2012). Taro is beneficial
to resource-poor farmers and consumers in terms of food security, nutrition, culture, and revenue
generation even though it is understudied (Sharma et al., 2008). Taro production, on the other
hand, has been dropping in recent years, according to Wagih et al (1994). TLB (Phytophthora
colocassia Racib.), taro beetles (Papuana spp.), the Alomae — Bobone virus complex (ABVC),
and decreased soil fertility all have a negative impact on yield. Their effects have had a role in the
crop's decline in productivity (Sar et al. 1998). The introduction of other crop species with better
comparative advantages, such as Chinese taro (Xanthosoma sagittifolium) and sweet potato, as
well as changing dietary habits and consumer preferences for unusual cuisines, have all had a
negative influence on taro production (Joughin and Kalit, 1986; Bourke, 1982; Waddell, 1972).
According to Omane et al. (2012), Bandyopadhya et al., (2011) and Ooka, (1994), several
infectious diseases produced by fungus, bacteria, nematodes, and viruses, as well as non-
pathogenic or abiotic causes, have afflicted taro. Phytophthora colocasiae, a biotic factor, has
caused a significant drop in taro output in the Solomon Islands, Papua New Guinea, Hawaii,
Taiwan, American Samoa, Nigeria, Ghana, and Cameroon. According to Ooka (1994), fungal

diseases of taro are the most significant because, they benefit from favourable climatic conditions
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for taro cultivation. CABI (2014), also indicated the presence taro leaf blight in Cameroon,

Equatorial Guinea, Ethiopia, Ghana and Seychelles. The most devastating disease of taro is

P. colocasiae Raciborski leaf blight, which is a serious constraint to taro production around the
world (Sahoo et al., 2007; Misra 1999; Jackson et al.1980). P. colocasiae can infect the taro plant
at any stage, causing considerable harm to the foliage. Initial symptoms appear as small, water-
soaked circular patches emerges on the edges of the leaves. As the disease progresses, these spots
expand, coalesce, and turn dark brown with yellow edges, eventually destroying the entire leaf.
Temperatures of 20°C to 25°C, with a relative humidity of 90 % to 100 %, are conducive to

epidemics (Trujillo, 1965; Thankappan, 1985; Mishra et al., 2010.)

Pathogen diversity can affect the development and application of management strategies such as
resistant cultivars. As a result, knowing how the causative pathogen varies might help you explore
different disease control strategies. Phytophthora species have traditionally been identified based
on host differences, biochemical tests, morphological, and molecular traits (Appiah et al. 2003;
Appiah 2001; Erwin and Ribeiro 1996). Individual genotypes can be tracked using molecular
markers, and population diversity can be studied using molecular markers. The genetic diversity
of P. colocasiae has been determined using a multitude of genetic markers (Nath et al., 2016).
Molecular markers have recently become a tool for not only identifying and authenticating species,
but also for differentiating between them. Phytophthora species have been effectively evaluated
using DNA-based approaches such as restriction fragment length polymorphism (RFLP),
amplified fragmented length polymorphism (AFLP), random amplified polymorphic DNA
(RAPD), and gene sequencing (Yang et al. 2008; Ochwo et al. 2002; Forster et al. 2000). Lebot et
al. (2003) discovered diversity in P. colocasiae isolates from Indonesia, Papua New Guinea, the
Philippines, Thailand, and Vietnam using isozyme and RAPD analyses. Similarly, using RAPD,
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AFLP, and Start codon targeted polymorphism (ScoT) analysis, multiple studies (Nath et al. 2012,
2013 and 2015; Mishra et al., 2010)) discovered variations between P. colocasiae isolates from
India. Zietkiewicz et al. (1994) first described the random amplified microsatellite markers
(RAMS) technique, in which the DNA between the distal ends of two closely placed
microsatellites is amplified and the PCR products are separated electrophoretically. According to
Acosta (2007), Because of the variety in the number of repeat units, SSR markers have a range of
polymorphism. SSR markers are also highly reproducible, locus-specific, and sensitive to
discriminating between related individuals as compared to other markers (Pervaiz et al. 2009;
Bindler et al., 2007). The establishment of successful disease control techniques requires accurate
pathogen identification and characterisation. The use of PCR-specific markers for P. colocasiae
genomic DNA could allow for early diagnosis of taro leaf blight before symptoms manifest. Plant
pathogen detection and characterization have benefited greatly from the use of PCR-based
molecular biology techniques (Milgroom and Fry, 1997). A speedy and efficient genomic DNA
isolation approach for P. colocasiae with reasonably high quantity and quality is required to take

advantage of these methods (Aamir et al., 2015; Hussain et al., 2014; Mishra et al., 2008)

5.1 Objectives of study:
The main objectives of the study was to asses the genetic variation of some Ghanaaian isolates of
P. colocasiae.

The specific objectives of the study were to

(1) Isolate the fungus from the diseased tissues of taro and grow it on a culture media.

(2) Identify the fungus using the light microscope and fungi descriptions manuals
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(3) Identify P. colocasiae in samples collected from symptomatic taro plants using polymerase chain
reaction (PCR).

(4) Sequence and phylogenetic analysis the resulting PCR amplicons of the Ghanaian isolates of the
P. colocasiae.

5.2 MATERIALS AND METHODS

5.2.1 Study area

Phytophthora colocasiae isolates were cultured at the Mycology Laboratory of the Cocoa
Research Institute of Ghana (CRIG), DNA extraction, gel electrophoresis, polymerase chain
reaction (PCR), and greenhouse experiments were carried out at the Ghana Atomic Energy
Commission's Biotechnology Nuclear and Agriculture Research Institute in Kwabenya, Greater

Accra Region. Sequencing was done at Ingaba Biotechnology Laboratory in South Africa.

5.2.2 Sampling and isolation of P. colocasiae isolates

Taro leaves with indications of taro leaf blight disease were harvested from 10 farms in the
Ashanti, Greater Accra, Central, and Eastern regions. Fifteen (15) diseased leaves were collected
from the four (4) regions. The samples were well labelled and kept in brown paper bags to
minimize tissue damage during sample transfer from the farm to the Mycology Laboratory of the
Cocoa Research Institute of Ghana, new Akim Tafo. Surveys were carried out from March to July,
during the main cropping season, when the weather conditions were ideal for disease growth. The
leaf samples were first rinsed under running tap water, to eliminate all debris. Small pieces of leaf
tissue (about 1 cm) were cut with scissors and scalpels from the expanding borders of infected area
lesions, surface sterilised in 70 % ethanol for 30 seconds, and rinsed three times with sterile
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distilled water. The leaves were blotted dry on Whatman filter paper in laminar flow chamber. The
dried leave tissues were first plated on a prepared water agar medium (500ml of distilled water
and 10g of agar powder) with inoculation pin and incubated at 28°C for 14 days.

The morphology of P. colocasiae colonies was investigated on V8 juice agar medium (200ml of
V8 + 800ml of sterile distilled water + 20g of Agar +2.5¢g of calcium carbonate). After that, the
mixture was autoclaved for 15 minutes at 121°C. Petri dishes containing the medium at a rate 15
ml per plate were autoclaved was allowed to cool and harden under sterile conditions. A 3mm disc
was taken from the margin of an actively growing colony of P. colocasiae on water agar media
and deposited in the center of the V8 juice medium, with chock borer and inoculation pin. The
diameter of each isolate was measured after 7 days following incubation. The identification of the
fungi was done using a compound microscope (Motic china) and fungal description manuals.

(Mathur and Kongsdale, 2003; Barnett and Hunter, 1972).

5.2.3 PROOF OF PATHOGENICITY OF P. COLOCASIAE ON POTTED PLANTS IN THE SCREEN
HOUSE

The proof of pathogenicity test based on Koch's postulates was used to confirm the disease's
causing organism. The Minisett method was employed to raise homogenous Colocasia seedlings
in a greenhouse at BNARI. The corms were split into 20 g pieces and planted in damp sawdust
that had been steam sterilized. Sterilised black soil was dispensed into 1.5 litre size plastic
containers. Seedlings were potted in black bags when they were two weeks old, one seedling per
pot. Pure cultures of the P. colocasiae isolates were then inoculated into four-week-old established
potted seedlings using a cock borer and inoculation pin. The inoculated plants were placed under

tree to create humidified environment and also to prevent direct sunlight. The inoculated plants
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were monitored for symptom development. Lesion was observed after 7 days. All of the resulting

lesions were re-isolated according to Koch's postulates.

s %

W

Figure 5.1 Potted taro leaf inoculated with the Akim Tafo isolate of P.colocasiae

5.2.4 Preparation of P. colocasiae suspension for DNA extraction

All pure fungus cultures hyphae and spores were scraped from the surface of culture media with
heated sterilized surgical blades. 200ul of double distilled water was poured on the petri dish
containing the fungus and a surgical blade was used to scrap the isolated fungus into 1.5 ml
Eppendorf tubes. The operation was performed in sterilized condition under laminar flow hood.
Two hundred microliters (200ml) of the samples were discharged into a new Eppendorf tube and
800ml genomic lysis buffer (GLB) was added. The mixture was vortexed for 30 seconds before

being incubated in a water-bath for 30 minutes.
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5.2.5 Genomic DNA extraction

A genomic DNA extraction kit was used to extract total DNA from the P. colocasiae according to
the manufacturer guidelines (Zymo Kkits). The protocol is designed for up to 200ul of biological
liquid sample and other cell suspensions containing less than 5.0x10° cells as well as lysates

derived from proteinase K digested samples.

Four volumes of genomic lysis buffer were added to each volume of liquid samples (4:1). The
samples were briefly mixed by vortexing, allowed was let to stand at room temperature for 5-10
minutes and 1ml of the supernatant was transfer to new tubes. Zymo-SpinTM 11C column was
placed in new collection tubes? Two hundred microlitres (200ul) of DNA pre-wash buffer was
added to the spin column and it was centrifuged at 10000xg for one minute. Five hundred
microliters (500ul) of g-DNA wash buffer were added to the spin column and it was centrifuged
at 10000xg for one minute. The spin column was transferred to a clean micro centrifuge tube.
DNA elusion buffer (>50ul) was added to the spin column. The set up was incubated for 2-5
minutes at room temperature and then centrifuged at top speed for 30 seconds to elute the DNA.

The eluted DNA was stored for molecular based application at < -20°C for future use.

5.2.6 Analysis of the quality and quantity extracted DNA

The purity of the extracted genomic DNA was determined using agarose gel electrophoresis. Gel
electrophoresis was conducted with 0.8 % of agarose gel. Agarose powder (0.24g) was weighed
and dissolved in 30ml of 1XTAE (Tris-acetate EDTA) buffer boiled in a microwave until the
agarose was completed dissolved. The mixture was allowed to cool for a while and 2l of ethidium
bromide (EtBr) was added. The mixture was poured into a gel tank with a comb and was allowed

to solidify. Two microliters (2ul) of loading dye and 7ul of the DNA was mixed and
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electrophoresed at 90V until the bromophenol had migrated about two-thirds of the way down the
gel. The DNA was visualized under Gene Flash Bio-imaging System (Syngene, Cambridge, UK)

and subsequently stored at -20°C until use.

5.2.7 Polymerase chain reaction (PCR) amplification

ITS region of P. colocasiae isolates was amplified by using the universal primers set ITS1 (5’
TCCGTTGGTGAACCAGCGG 3’) and ITS4 (5> TCCTCCGC TTATGATATGC 3’) (White et
al., 1990) and PCSP- RF (5 CAGATGAAGAGGTCCTGTGAGG 3’) and PCSP- RR (5
AGGGAGTTGGCACAACCATT 3’) (Nath et al., 2014). 2X Master mix was prepared by taken
250ul of the buffer 20u of primer, 2u of the DNA template was used and Nucleases-free water
was used to adjust the volume. PCR amplification was run in the thermal cycler by providing a
specific program of initial denaturation at 94°C for 5 minutes followed 35 cycles of denaturation
at 94°C for 1 minute, annealing at 60 °C for 1 minute and extension at 72 °C for 1 minute and final
extension at 72 °C for 10 minutes and held at 4°C until it was removed. The PCR amplicons were
run on 1 % (w/v) agarose gel as described previously. The amplification was done by using the
Nexus Mastercycler (Eppendorf AG, Germany). Ten microliters (10 pl) of the PCR products were
mixed with 2X loading dye (Bromophenol blue) and electrophoresed at 90V 1 kbp DNA ladder
marker (Bio Labs) was used to verify the amplicon product size. The bands were visualized under

UV trans illuminator (Cambrige, UK).
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Table 5.1 Oligonucleotide primers used for the amplification of P. colocasiae

Agent Primer name Direction Primer sequence Amplicon size Reference
P. Colocasiae ITS1 Forward 5’-TCCGTAGGTGAACCTGCGG-3" 830bp-870bp
White et
al., 1990

ITS4 Reverse 5’-TCCTCCGCTTATTGATATGC-3’

P. Colocasiae PCSP-RLF Forward 5’-GGTGTGGACTTTGTGAGTTTCAG-3’206bp Nath
etal.,

PCSP-RLR Reverse 5’-AAGGGAGTTGGCACAACCATT 2014b

5.2.8 Amplicon sequencing
The forward and reverse primers (ITS1 and ITS4) were used as sequencing primers to sequence
PCR products that produced unambiguous single bands in both directions at Ingaba Biotechnology

Laboratory, Pretoria, South Africa.

5.2.9 Sequence analysis

The sequenced chromatograms were manually verified for base miscalls and then trimmed at the
5" and 3’ ends to remove low-quality sequences. Complete homology was ensured by comparing
forward and reverse sequences. After that, the sequences were edited, aligned, and compared to
other published isolates using Geneious 9.0 (Biomatters), ClustalW (Thompson et al., 1994) and
Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) Geneious Tree Builder was
used to create cluster dendrograms using the Neighbor-joining method (1000 bootstrap replicates),

and TreeView was used to examine and print the visual phylograms (Page, 1996).
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5.3 Result and discussions

5.3.1 Pathogen identification

A total of nine isolates of P. colocasiae were successfully isolated from the 15 samples obtained
from various farms across the four regions. Based on mycelial and sporangial characteristics, the
isolates were identified as P. colocasiae. P. colocasiae isolates were identified by the formation

of semi-papillate sporangia that are caducous and had a pedicel length of 4-10 m. Aseptate and

hyaline mycelium was discovered.
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Figure 5.2 (A) A Leaf discs from symptomatic of taro leaves on a medium (B) Colony of P.
Colocasiae isolates grown on a medium (C) Sporangium of Phytopthora colocasiae with an apical
papillum and a basal, intermediate-length pedicel (sporangium 12um) (D) Microscopic image of

mycelium of P. colocasiae.

5.3.2 Proof of pathogenicity of fungal isolates related with Taro leaf blight on potted plants

in the plant house.

All the potted plants inoculated with P. colocasiae isolates showed symptoms of taro leaf blight

after two weeks post inoculation. According to Lin and Ko (2008), the infected area initially
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showed water-soaked lesions that eventually turned brown.

Figure 5.3 A and B showing symptoms of taro leaf blight disease after two weeks post
inoculationwith P. colocasiae isolate from the laboratory

5.3.3 Genomic DNA isolation and Gel electrophoresis

Genomic DNA of P.Colocasiae was succesfully isolated from the nine cultures Kasoa 1 (K1),
Kasoa 2 (K2), Kasoa 3 (K3), Medie 1 (M1), Medie 2 (M2), Medie 3 (M3), Akim Tafo 1 (T1), Tafo

2 (T2), and Tafo 3(T3) and the bands were successfully checked by the using gel eclectrophoresis.

7 8 10 11 12 13
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Figure 5.4 Isolate DNA of P. colocasiae observed in 0.8 % gel, bands 2-9 are the DNA of the
P.colocasiae isolates. The lane 1 is the control, lane 2 3 4 is kasoafarm 12 3 4 lane56 7 8 is
medie farm 1 2 3 and lane 10 11 12 13 is Akim tafo farm 1 2 3

5.3.4 PCR amplification

DNA from all P. colocasiae cultures was successfully amplified using ITS1/1TS4 primer pair. PCR
products of 870bp was amplified from each sample using the universal primer pair ITS1 and ITS4
as shown in Figure 6 below. This results is in line with work done by Al-abedy et (2020) who
amplified fungal products by using ITS1 and ITS4. Quality and quantity of PCR amplicons were

successfully 1 % agarose gel.

Figure 5.5 Sharp and clear bands of 870bp amplified PCR products of internal transcribed spacer
(ITS) region of P. colocasiae isolates (1)medie farm 1, (2) Medie farm 2, (3) Medie farm 3, (4)
kasoa farm 1, (5) kasoa farm 2, (6) kasoa farm 3, (7) Akim tafo farm 1, (8) Akim tafo farm 2, (9)
Akim tafo farm 3.M= 1Kbp DNA ladder marker. NC: Negative control (no DNA template added).

11= positive control ( a known P. colocasiae positive sample).

166



5.3.5 Nucleotide sequencing of the ITS region of P. colocasiae

Nucleotide sequences obtained from the nine amplicons of the Phytophthora isolates were
trimmed. After trimming, sequences of 736bp were compared. The alignment of sequences
revealed a high degree of similarity among the Ghanaian isolates from the three regions (Greater
Accra, Eastern and Central). The isolates also showed close similarity to nucleotide sequences of
isolates from other countries with identities ranging from 99.27 to 100 %. BLAST analysis
revealed high degree of similarity between the Ghanaian isolates and those available on the
National Center for Biotechnology Information (NCBI) with nucleotide sequence identities in the
range of 99.27 to 100%. Kasoa isolates 1and 3 and Akim Tafo isolate 3 showed 99.56 to 99.85 %,
Medie isolates 1, 2, 3 and Tafo isolate 2 showed 99.71 t0100 % whilst Tafo isolate 1 showed 99.27
t099.56 % nucleotide identities to a range of P. colocasiae isolates deposited on the NCBI.
Phylogenetic analysis reiterated the similarities in nucleotide sequences among the Ghanaian P.
Colocasiae isolates and other isolates available on the NCBI (Figure 5.6). Clustering within the
Ghanaian isolates did not show any pattern between sample regions, with no obvious clustering

based on the origin of the isolate.
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Figure 5.6 Phylogenetic tree (neighbor-joining) of an ~736 nt fragment of ITS gene of P.
colocasiae. Numbers at the nodes denotes the percentage of 1000 bootstraps iterations supporting

the branches. Nodes with <60% bootstrap support were collapsed.
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Nucleotide alignment of a segment of the 736 bp nucleotide of the nine Ghanaian isolates of P.
colocasiae revealed only a few single nucleotide changes in Kasoa isolate 2, Kasoa isolate 3 and

Akim Tafo isolate 1 (Figure 5.6).

Consensls
ety

f.KasoaiSol! 777 - A6 TGGREEIGTTG0TT6GCATTTIGCTGAGCC-GCRCCCTATCATGRCRANTG 11T~ GEACTICEETCTGECTAG TAGCTTTNT-GTTTTAAA
1 Kasaisoa? 707-- A6 01GGGGEIGTTGCTIEGCATITTGCT6AGIK-GCBOCCTATCATGGCG AN DTG ACCGRCTEREC AR TAGCTTTT TG DT TAAA
3 Kisoaiue 3 T AMAAG 106666506 TG 166 CATTTIGCTGAGC CHE CGOCCTATCATGCG AN 1T -GRACTICGRTC 660 AR TAGCD TN T-6 T TTAA
| Nedieisolae1 107--AG06GGGE16 10601166 CATTGCTGAGCC-GUGCCCTATCATRCEAATG 11T -GGACTTCREICT6660TAG TAGCTTTTT-GTTTAAA
5 Nediesolee? 117-- AGTTGGG5606 01601166 CATTTTGCTEAGCC-GUGCCCTATCAT G AATG 11T - GGACTTCRRICIGEGCTA TAGCTTTTT-GITTTAMA
g,Medieisoam 110-- Ao T1666C6T6T6CTT66CATTITGCTRAGCC-GCGCCCTATCATGGCRATGT TT -GRACT TCRGTCTEGGCTACTAGCTTTT -G TTITAM
b
!

Tahisol!  101--AG 116666616 PGCTTGGCATITIGCTGAGCC-GOBCCC ATCATGCRANTG T~ GRACTICGICIGGHCTAGTAG LTI T -G T TAAA
T iolte ) 101-- AG116666616TT6CTT66CATIITGCIGAGCC-GCG0CCTATCATGGCGANTG DT -G ACTTCREICIGR6CTAGTAGCTTTT-GITTTAA
Taisolted  107-- AGT166666T6TT6CTT66 CATTTGCIGAGCC-GOGOCCTATCATGECGANTGTTT-GoACTTCREICTIGRGCTARTAGCTTTT-GITTTAAA

Figure 5.7 Sequence alignment of a segment of the 736 bp of the ITS gene of the nine Ghanaian
P. colocasiae isolates
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CHAPTER SIX

6.1 GENERAL CONCLUSIONS AND RECOMMENDATIONS

6.1.1 CONCLUSIONS

On the basis of the results obtained from this research, the following conclusions are presented:
Greater proportion of the farmers are male, had low level of education had no knowledge about
taro leaf blight and its adaptation strategies.

. The farmers confirmed the presence of the disease but they did not really know what chemical to
use in its control.

. Disease incidence and severity on the farmer’s field revealed that different taro farms in Anyinam
in the Eastern region had high incidence of the TLB disease and the lowest incidence was
Atimmpoku in Eastern region.

Incidence of the TLB generally increased in all accessions through the first to eighth week except
KS which displayed decreased incidence at the seventh and eight weeks.

. Accession AP recorded the highest TLB disease incidence and KS recorded the lowest incidence
at eighth week. Accessions GY recorded highest disease severity whiles the accession AP recorded
the lowest severity.

. TLB disease caused corms of most of the accessions to rot and the rotting increased at around 5
days after harvest. The corms became black and the yield from all the accessions reduced
drastically as compared to the control.

. Accession KS exhibited gradual recovery and resistance to the TLB infection. It recorded low

disease incidence and severity at the eighth week.
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(i)

8.

10.

11.

12.

13.

Accession GY recorded the highest yield whist accession KT recorded the lowest yield. The mean
yield of all the accessions in the three replicate is lower than the mean yield of the control.

Out of the fifteen samples of diseased leaves used for culturing P. colocasiae, culturing was
successful with samples from Medie farm 1,2 and 3(M1, M2, M3), Akim tafo farm 1,2 and 3(T1,
T2, T3) and Kasoa farm 1,2and 3 (K1, K2, K3).

Koch’s postulate confirmed the presence of the TLB disease on a potted plants which gave 100%
disease incidence and severity.

11. The fungus was found in all samples analyzed by polymerase chain reaction (PCR) with the
expected PCR product amplicon size of ~ 500bp.

12. Sequence alignment reveals that Ghanaian isolates from the three locations have a significant
degree of similarity. (Greater Accra, Eastern, Central) and other isolates in other countries with
identities ranging from 99.27 to 100%.

Accessions K1, K3 and T3 showed 99.56-99.85%, M1, M2, M3 and T2 showed 99.71-100% and
accession T1 showed 99.27-99.56% to other P. colocasiae sequence ITS sequences available on

the NCBI.

6.1.2 RECOMMENDATIONS FOR FUTURE RESEARCH

On the basis of the findings of this study and prior TLB taro studies, the following are
recommended for consideration in any future work on taro.

Based on the major findings, the study therefore recommends that awareness should be created by
extension agents using appropriate means of dissemination of information on TLB disease among
farmers. Moreover, private and public agencies should invest in taro research to assist in solving

farmer’s problems.
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(i)

(iii)

(iv)

(v)

(vi)

Accession KS showed tolerance/resistance to the taro TLB disease; therefore, they could be
utilized in future breeding programmes for creation of P. colocasiae-resistant genotypes.
Molecular characterization of a greater number of TLB pathogen isolates should be conducted and
their genetic diversity together with their pathogenicity be studied in detail for effective realization
of sustainable prevention of the blight disease and for combating the taro leaf blight menace.
Taro crop research must expand since taro suffers from a lack of attention from Governments,
International Agricultural Research Centers, and other root and tuber groups in order for it to
continue to play the role it has in ensuring food security and farmer economic empowerment.

It is obvious that P. colocassia causes significant yield losses; consequently, appropriate attention
is essential to manage leaf blight before using tolerant accessions in locations with high blight
incidence.

A nationwide survey should be conducted to identify other diseases of taro to enhance resistance

breeding.
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CHAPTER SEVEN

APPENDICES

Table 7.1 Disease incidence and severity for fifteen farms at Ashanti region (Fawade,

Gyenyasi, Old tafo, Tafo estate)

Town Farms Disease incidence Disease severity
(DI %) (DS)
Fawade Farm 1 10.3 0.47
Farm 2 10.0 0.47
Farm 3 13.6 0.75
Farm 4 19.5 1.50
Farm 5 16.6 0.54
Total five farms 70.0 3.73
Mean 14.0 0.746
Gyenyasi Farm 1 12.35 0.67
Farm 2 9.8 1.00
Farm 3 12.7 0.91
Farm 4 12.45 0.33
Farm 5 32.7 0.32
Total 5 farms 80.0 3.23
Mean 16.0 0.646
Old tafo Farm 1 40.0 1.34
Farm 2 30.0 2.33
Total Two farms 70.0 3.67
Mean 35 1.835
Tafo estate Farm 1 29.33 1.13
Farm 2 30.7 0.85
Farm 3 19.97 0.97
Total Three farms 80.0 2.95
Mean 26.67 0.983

Disease incidence = [Number of infected plants / total plant scored x100]
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Disease severity =Y _(Number of plants scored for each rating x the rating value)
Total plants scored

(CSIR- Crops Research Institute Kumasi, Ghana)

Table 7.2 Disease incidence and severity for twenty farms at Eastern region (Anyinam,

Akim tafo, Sekyere, Osino, Koforidua, Atimpoku, Somanya)

Town Farms Disease incidence (DI | Disease severity
%) (DS)
Anyinam Farm 1 12.7 0.60
Farm 2 20.0 0.75
Farm 3 16.0 1.25
Farm 4 11.0 0.61
Farm 5 20.0 0.55
Farm 6 15.30 0.45
Total Six farms 95.0 4.25
Mean 15.83 0.708
Akim tafo Farm 1 26.33 1.00
Farm 2 30.0 0.78
Farm 3 23.67 1.88
Total 80.0 3.66
Mean 26.67 1.22
Sekyere Farm 1 17.25 0.94
Farm 2 19.25 1.45
Farm 3 27.0 0.75
Farm 4 26.5 0.78
Total Four farms 90.0 3.92
Mean 22.5 0.98
Osino Farm 1 33.0 1.48
Farm 2 28.0 0.98
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Farm 3 24.0 1.02
Total 85.0 3.48
Mean 28.33 1.16
Koforidua Farm 1 35.0 1.65

Farm 2 40.0 2.22
Total 75.0 3.87
Mean 37.5 1.935
Atimpoku Farm 1 50.0 2
Somanya Farm 1 60.0 2.86

Disease incidence = [Number of infected plants / total plant scored x100]

Disease severity = Y. (Number of plants scored for each rating x the rating value)

Total plants scored

(CSIR- Crops Research Institute Kumasi, Ghana)

Table 7.3 Disease incidence and severity for twelve farms at Greater Accra region (Adenta,

Ashale botwe, Haatso, Weija, Medie, kwafo krom)

Town Farm Disease incidence (DI | disease severity (DS)
%)
Ashale botwe Farm 1 23.0 1.00
Farm 2 47.0 1.90
Total Two farms 70.0 2.90
Mean 35.0 1.45
Haatso Farm 1 40.3 0.77
Farm 2 17.7 1.66
Total Two farms 60.0 2.43
Mean 30 1.215
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Weija Farm 1 16.7 1.26
Farm 2 30.0 0.66
Farm 3 23.3 1.58
Total Three farms 70.0 3.5
Mean 23.33 1.167
Medie Farm 1 26.9 0.87
Farm 2 19.77 1.21
Farm 3 23.33 1.57
Total Three farms 70.0 3.65
Mean 23.33 1.217
Adenta One farm 65.0 3.2
Kwafo krom One farm 55.0 3.5
Adenta One farm 65.0 3.2

Disease incidence = [Number of infected plants / total plant scored x100]

Disease severity =) (Number of plants scored for each rating x the rating value)

Total plants scored

(CSIR- Crops Research Institute Kumasi, Ghana)

Table 7.4 Disease incidence and severity for three farms at Central region (Kasoa)

Town Farm Disease incidence (DI | Disease severity (DS)
%)
Kasoa Farm 1 32.3 1.17
Farm 2 12.85 0.88
Farm 3 24.85 0.38
Total 70.0 2.43
Mean 23.33 0.81
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Disease incidence = [Number of infected plants / total plant scored x100]

Disease severity =Y. (Number of plants scored for each rating x the rating value)

Total plants scored

(CSIR- Crops Research Institute Kumasi, Ghana)

Table 7.5 Disease incidence and severity for fifty farms within the four region of Ghana

(Ashanti region, greater Accra region, central region, eastern region)

Regions Towns Farms Disease Disease severity
incidence (DI %) | (DS)
Ashanti Fawade 5 70.0 3.73
Gyenyasi 5 80.0 3.23
Old tafo 2 70.0 3.67
Tafo estate 3 80.0 2.95
Total 15 300.0 13.58
Average 75.0 3.40
Eastern Anyinam 6 95.0 4.25
Akim tafo 3 80.0 3.66
Atimpoku 1 50.0 2.00
Koforidua 2 75.0 3.87
Osino 3 85.0 3.48
Sekyere 4 90.0 3.92
Somanya 1 60.0 2.86
Total 20 535.0 24.04
Average 76.43 3.43
Greater Accra Adenta 1 65 3.2
Ashale botwe 2 70 2.9
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Haatso 2 60 2.43
Medie 3 70 3.65
Weija 3 70 3.5
Kwafo krom 1 55 3.84
Total 12 390.0 19.52
Average 65.0 3.25
Central Kasoa 3 70.0 2.43

Table 7.6 Percentage distribution of respondents according to their social-economic

characteristics n=50

Variable Frequency Percentage%
Age (years)

10-19 0 0.0
20-29 2 4.0
30-39 5 10.0
40-49 13 26.0
50-above 30 60.0
Gender

Male 30 60.0
Female 20 40.0
Educational level

Non formal 11 22.0
Primary school 15 15.0
Junior high school 20 40.0
Senior high school 4 8.0
Tertiary 0 0.0
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Farming experience

Less than 1 11 22.0
1-5 11 22.0
5 and above 28 56.0

Source: Field Survey, 2020

Table 7.7 Percentage distribution of respondents according to their Farm characteristics

and agronomic practices n=50

Variable Frequency Percentage%
Farm Size(acre)

Less than 1 32 64.0
1-2 10 20.0
Greater than 3 8 16.0
Planting materials

Market 1 2.0
Farmers 31 62.0
Research institutions 9 18.0
MoFA 8 16.0
NGO 1 2.0
Fertilizer application

Yes 0 0.0
No 50 100.0

Source: Field survey, 2020
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Table 7.8 Percentage distribution of respondents according to their Disease awareness and

management n=50

Variable Frequency Percentage%

Disease presence

Yes 50 100.0
No 0 0.0
Disease season

Major raining 21 42.0
Minor raining 11 22.0
Dry season 1 2.0
All the above 17 34.0
Symptoms

Early spots often occur on the | 6 12.0

leave and accumulates.

The spots enlarge rapidly | 10 20.0
becoming purplish brown to
brown in color

The lower leaf surface is | 32 64.0
water-soaked or dry gray
appearance present

The plant become bright | 2 4.0
orange or reddish brown

Symptoms Frequency Percentages

Early spots often occur on the | 6 12.0
leave and accumulates.

The spots enlarge rapidly | 10 20.0
becoming purplish brown to
brown in color

The lower leaf surface is | 32 64.0
water-soaked or dry gray
appearance present

The plant become bright | 2 4.0
orange or reddish brown

Disease effect

Drying of leaves 7 14.0
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Rotting of corms 39 78.0
Reduced number of leaves 4 8.0
Disease control
Yes 8 16.0
No 42 84.0
Method of disease control
Weedicides application 3 6.0
Removal of infected plant 30 60.0
Pesticide application 2 4.0
Other 15 30.0
Limitation
Lack of nutrient 1 2.0
Lack of water 9 18.0
Lack of weeds control 4 8.0
All the above 36 72.0
Cause of abnormalities
Soil 26 52.0
Weather 10 20.0
Not sure 12 24.0
Other 2 4.0
Harvest losses
Less than half the crop 20 40.0
About half the crop 29 58.0
The whole crop 1 2.0
Availability
Yes 27 46.0
No 23 54.0
Source: field survey, 2020 *multiple response
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Table 7.9 ANOVA for TLB disease incidence for all accession at week 1

Source DF Sum of square | Mean square | F-Value P-Value
SS MS

Accession 9 1586.7 176.30 3.78 0.006

Error 20 933.3 46.67

Total 29 2520.0

Table 8.0 ANOVA for TLB disease incidence for all accession at week 2

Source DF Sum of square | Mean square | F-Value P-Value
SS MS

Accession 9 2320 257.78 3.12 0.016

Error 20 1650 82.50

Total 29 3970

Table 8.1 ANOVA for TLB disease incidence for all accession at week 3

Source DF Sum of square | Mean square | F-Value P-Value
SS MS

Accession 9 338.9 37.66 0.72 0.682

Error 20 1040.3 52.01

Total 29 1379.2
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Table 8.2 ANOVA for TLB disease incidence for all accession at week 4

Source DF Sum of square | Mean square | F-Value P-Value
SS MS

Accession 9 293.3 32.59 0.92 0.527

Error 20 707.0 35.35

Total 29 1000.3

Table 8.3 ANOVA for TLB disease incidence for all accession at week 5

Source DF Sum of square | Mean square | F-Value P-Value
SS MS

Accession 9 381.4 42.38 0.56 0.812

Error 20 1510.2 75.51

Total 29 1891.6

Table 8.4 ANOVA for TLB disease incidence for all accession at week 6

Source DF Sum of square | Mean square | F-Value P-Value
SS MS

Accession 9 158.2 17.57 0.20 0.991

Error 20 1741.5 87.07

Total 29 1899.6
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Table 8.5 ANOVA for TLB disease incidence for all accession at week 7

Source DF Sum of | Mean square | F-Value P-Value
square SS MS

Accession 9 2941 326.8 0.89 0.551

Error 20 7351 367.6

Total 29 10293

Table 8.6 ANOVA for TLB disease incidence for all accession at week 8

Source DF Sum of | Mean square | F-Value P-Value
square SS MS

Accession 9 2825 313.9 0.88 0.556

Error 20 7106 355.3

Total 29 9931

Table 8.7 ANOVA for TLB disease severity for all accession at week 1

Source DF Sum of | Mean square | F-Value P-Value
square SS MS

Accession 9 7.375 0.8194 3.76 0.007

Error 20 4.362 0.2181

Total 29 11.737
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Table 8.8 ANOVA for TLB disease severity for all accession at week 2

Source DF Sum of | Mean square | F-Value P-Value
square SS MS
Accession 9 10.211 1.1345 2.62 0.035
Error 20 8.661 0.4330
Total 29 18.871
Table 8.9 ANOVA for TLB disease severity for all accession at week 3
Source DF Sum of | Mean square | F-Value P-Value
square SS MS
Accession 9 0.8989 0.09988 0.53 0.838
Error 20 3.7871 0.18935
Total 29 4.6859
Table 9.0 ANOVA for TLB disease severity for all accession at week 4
Source DF Sum of | Mean square | F-Value P-Value
square SS MS
Accession 9 1.525 0.1695 1.19 0.354
Error 20 2.852 0.1426
Total 29 4.377
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Table 9.0 ANOVA for TLB disease severity for all accession at week 4

Source DF Sum of | Mean square | F-Value P-Value
square SS MS
Accession 9 0.6277 0.06974 0.80 0.622
Error 20 1.7457 0.08728
Total 29 2.3733
Table 9.2 ANOVA for TLB disease severity for all accession at week 6
Source DF Sum of | Mean square | F-Value P-Value
square SS MS
Accession 9 0.2977 0.03307 0.62 0.766
Error 20 1.0663 0.05332
Total 29 1.3640
Table 9.3 ANOVA for TLB disease severity for all accession at week 7
Source DF Sum of | Mean square | F-Value P-Value
square SS MS
Accession 9 1.028 0.1143 0.59 0.791
Error 20 3.882 0.1941
Total 29 4.910

194




Table 9.4 ANOVA for TLB disease severity for all accession at week 8

Source DF Sum of | Mean square | F-Value P-Value
square SS MS

Accession 9 2.115 0.2350 2.03 0.090

Error 20 2.314 0.1157

Total 29 4.429

9.5 Preparation of water ager
500ml of sterile distilled H20
10g of agar powder (oxoid)

Autoclave 121°C for 15minutes

9.6 Preparation of Vg Agar (1L)
800ml of sterile distilled H20
200ml of V8

20g of agar

2.5g of CaCOs

Autoclave for 121°C for 15minutes

9.7 DNA extraction
1. 200pl of phythophthora colocasiae suspension
2. Addition of Genomic lysis buffer and votex
3. Addition of DNA pre-wash buffer and centrifuge two times
4. Addition of g-DNA wash buffer and centrifuge
5. Addition of DNA elusion buffer and centrifuge
6. Store eluted DNA or use immediately
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9.8 Gel electrophoresis

Agarose

1/100x100=0.5g (0.5g agarose dissolve in 1Xtae buffer and pour into 50ml tank)
IXTAE buffer

Ethidium bromide (Etbr)

Loading dye

DNA samples

Gel comb

9.9 TAE buffer

Tris base

Acetic acid

EDTA (Ethylenediaminetetraacetic acid)
Deionize H20

PH 8.3

10.0 This questionnaire is designed to know about disease (taro leaf blight) you encounter during
the production of your crop. | would therefore ask you few questions about your production
practices especially disease control measures.

NAME OF COMMUNITY ...

Please provide information about your taro management practices
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1. Gender
A) Male B) Female
2. How old are you?
A) 20-29 years B) 30-39 years C) 40-49 D)50-above
3. Highest Education level
A) Non formal B) Primary C)JHS D) SHS E) Tertiary
4. How many years have you grown your taro crop?
A) < lyear B) 1 -5 years C) Above 5 years
5. What is the size of your land?
A) <acre N B) 1- 2 acres C) Above 3 acres
6. Where did you obtain your corms?
A) Market B) Farmers D) Research institution C) MoFA D) N.G.O E) Other
7. Did you encounter any disease?
A) Yes B)No
8. How does it look like?
A) Drying of leaves B) Rotting of corms C) Reduced number of leaves.
9. Have you observed any of the following symptoms?
A) Early spots often occur on the leave and accumulates. Yes/no
B) The spots enlarge rapidly becoming purplish brown to brown in color. Yes/no
C) The lower leaf surface is water-soaked or dry gray appearance present. Yes/no
D) The plant become bright orange or reddish brown. Yes/no
10. What do you think could be the cause of these abnormalities?

A) Weather B) Soil C) Not sure D) Others
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11. What other limitation may cause the yield lost?

A) Lack of nutrients B) Lack of water. C) Lack of weeds control D) All the above.
12. Did you apply any fertilizer?

A) Yes B) No

13. If yes, at what rate did you apply it?

14. Did you control the disease?

A) Yes B) No

15. How did you control the disease in your field?

A) Weedicides application B) Removal of infected plant C) Pesticide application D) Others
16. If no, why?

A) High cost of pesticide B) No effect after use C) Not sure

17. In which season is the disease severe?

A) Dry season B) Major raining season C) Minor raining season D) All the above.

18. How many acres do you harvest?
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22. What losses did the disease cause?

A) Less than half the crop B) About half the crop C) The whole crop
23. Do you or have you ever sold taro before?

A) Yes B) No

How much is a tuber of taro

25. If yes, do you have a constant supply?
A) Yes B) No

26. If no, what could be the cause of the shortage?
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